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HOW MANY ENGINES ARE THERE IN YOUR LIFE? 

TET'S SEE-there's the engine in your car. 
D That's one. But don't answer the question 
too quickly; you may be overlooking dozens of 
other important engines. 

For example, when you came down to break­
fast this morning you found a bottle of milk 
that had just been delivered in a milk "wagon" 
hauled by an engine instead of a horse. Your 
rolls, eggs and coffee, too, came at least part 
way by truck. And the breakfast food you ate 
was probably grown with the aid of a gasoline­
engined tractor. 

There's a good chance you came to work on 
a bus. That's another big engine to remember. 
The airmail letter waiting for you on your desk 
got there with the help of two-maybe four­
powerful aviation engines. And sometime dur­
ing the day a motor truck will roll up to your 
door with materials for you, while perhaps 

another one is delivering your products to your 
customers. 

We could go on and on-but by now you've 
realized there is scarcely a thing you eat, drink, 
read, wash yourself with, make, buy or sell that 
isn't manufactured or transported with the 
help of gasoline engines. In fact, your life is full 
of engines. Doesn't it follow that when these 
engines are made more efficient, more powerful, 
more economical, more durable, you will benefit? 

Our product, Ethyl antiknock fluid, helps 
petroleum refiners make higher octane gasoline, 
which in turn permits engine builders to build 
more efficient engines. Helping to improve en­
gines, fuels and lubricants-the three must be 
considered together-has been the 
function of the Ethyl Corporation 
for the past two decades and remains 
our goal for the future. 

More power from every gallon of gasoline through 
RESEARCH · SER V ICE . PRODUCTS 

ETHYL CORPORATION, Chryder Building, New YorT.: 17, N. Y: 



Scientific Allierican 
"'------------ Founded 1845-----------

SubscripUon Rates: 

ONE YEAR-$4 

TWO YEARS-$7 

THREE YEARS-$ID 

WHEN you change your 
address, please notify us 
immediately, giving your 
OLD as well as your NEW 
address. Postal require­
ments are such that our 
subscription files are 
arranged geographically, 
not alphabetically. Be­
cause of this, failure to 
give your old address may 
result In delaying receipt 
of copies. 

Our Cover: Page 1 of Vol­
ume I, Number I, Scien­
tific American, greatly re­
duced in size, forms a fit­
ting subject for this 
month's cover illustration. 
A running history of the 
development of Scientific 
American-from 1845 on­
will be found in the ar­
ticle starting on page 327. 

CONTENTS • DECEMBER 1945 

Previews 01 Ihe Indnslrial Horizon .............. A. P. Peck 322 
50 Years Ago in Scienlific American .. ........ ......... . ... 324 
A Cenlnryol Scienlific American .......... Alberl G. Ingalls 327 
ENGINEERING -Conducted by Edwin Laird Cady 

Losl Wax al Work .... ....... . ..... ... ...... .. . . .... .. 334 
PLASTICS -Conducted by Charles A. Breskin 

Your Rome in Plaslies ..... .. ... .. ...... .. ......... . . .. 338 
METALS IN INDUSTRY -Conducted by Fred P. Peters 

Two-in-One Malerials ................................. . 

CHEMISTRY IN INDUSTRY -Conducted by D. H. KilJeffer 
Research for Small Business ...... .... . ........ .... .. .. 346 

ELECTRONICS -Conducted by Keith Henney 
Economies of Eleclronics ................... Johu Markus 349 

AVIATION -Conducted by Alexander Klemin 
Flying Aids ... .. ..... . .. .. .... ... ..... ..... .. .... ..... 352 

HIGHWAY TRANSPORTATION -Conducted by Leslie Peat 
Power Brakes ..... . ... ......... ...... ... ........... .. . 355 

PETROLEUM - Conducted by Wesley D. Archer 
More Oil From Wells ... ......................... . .... 360 

IN OTHER FIELDS - Conducted by The Staff 
'Mighliesl Nolhing' .................... Lewis Nordyke 364 

New Producls and Processes .. . .. .. .. .. . .... ....... .... 368 

Currenl Bullelin Briefs .. . ....... ... ..... . ............. .. .. 377 

Our Book Corner . ..... _. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 379 

Telescoplics . ........ . ...... . ... ........ ...... .. ... .. .... . .  381 

11111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111I111111111111111111111111111111111111111Hllllllllllllllllllllllllllllllllllllllllllllllllllili 

ORSON D. MUNN, Editor 

A_ P. PECK, Managing Editor. ALBERT G. INGALLS, A. M. TILNEY, 

JOHN P. DAVIS, K. M. CANAVAN, WESLEY D. ARCHER, Associate Editors. 

CONTRIBUTING EDITORS: CHARLES A. BRES­
KIN, Editor of "Modern Plastics." EDWIN 
LAIRD CADY, Contributing Editor to "Mill and 
Factory." KEITH HENNEY, Editor of "Elec­
tronics." D. H. KILLEFFER, Chemical Engi­
neer. ALEXANDER KLEMIN, Aeronautical 
Consultant; Research Associate, Daniel Gug­
genheim School of Aeronautics, New York 
University. LESLIE PEAT, Highway Transpor­
tation. C. B. PECK, Managing Editor of "Rail­
way Mechanical Engineer." FRED P. PETERS, 
Editor-in-Chief of "Materials & Methods." 

CORRESPONDING EDITORS: A. E. BUCHANAN, 
JR., Director of Research of the Remington 
Arms Company. L. WARRINGTON CHUBB, 
Director of Research Laboratories, Westing­
house Electric Corporation. MORRIS FISH­
BEIN, M.D., Editor of The Journal of the 

American Medical Association and of Hygeia. 
IRVING LANGMUIR, Associate Director, Re­
search Laboratory of the General Electric 
Company, Schenectady. M. LUCKIESH, DIrec­
tor, Lighting Research Laboratory, Lamp De­
partment of General Electric Company, Nela 
Park, Cleveland. RUSSELL W. PORTER, Asso­
ciate in Optics and Instrument Design, 
California Institute of Technology. VLADIMIR 
K. ZWORYKIN, Associate Director of RCA 
Laboratories, Princeton, N. J. 

ADVERTISING STAFF: JOHN P. CANDIA, Ad-
vertising Manager. Western Advertising 
Representatives, EWING HUTCHISON COM­
PANY, 3S East Wacker Drive, Chicago I, Ill. 
JOSEPH W. CONROW, 1672 Walworth Ave., 
Pasadena 6, Calif. 

�CIENTIFIC AMERICAN, December, 1945. Vol. 173, No.6. Owned and published by Munn & Co., 
Inc., Orson B. Munn, President; I. Sheldon Tilney, Vice-President; John P. Davis, Secretary-Treas­
urer; A. P. Peck, Assistant Secretary; all at 24 West 40th Street, New York 18. N. Y. Entered 
at the New York, New York, Post Offlce as second-class matler June 28, 1879, under act of 
March 3, 1879. Additional entry at Orange, Connecticut. Published monthly by Munn & Co., Inc., 
24 West 40th Street, New York 18. N. Y. Copyright 1945 in the United States and Berne 
Convention countries by Munn & Co., Inc. Reproduction of any article or other work published 
herein is expressly forbidden without written permission from the owner of copyright. 
"Scientific American" registered U. S. Patent Office. Manuscripts are submitted at the author's 
risk and cannot be returned unless accompanied by postage. Files in all large libraries; articles 
are indexed in all leading indices. Subscription $4.00 per year. Canada and foreign $5.00. 

DECEMBER 1 945 SC I ENTI F I C  AMERI CAN 

The "JO-BLOCK" 
Guards the Jewel 

of Accuracy 
Right now, with the long-hoped-for postwar 
battle for business getting into full swing, the 
establishment of high standards of shop 
accuracy becomes all-important in thousands 
of plants. 

Don't let the hurry of reconversion sidetrack 
this basic precaution. Protect the .per­
formance of your product-make assembly 
easier-provide parts interchangeabiIity­
with genuine Ford Johansson Gage Blocks. 

Guaranteed accurate within .000002, .000004 
or .000008 of an inch, plus or minus. Avail­
able in sets or individual blocks, with all 
accessories needed to establish and maintain 
true accuracy in your plant. Write for new 
Catalog. 

Ford Motor Company, Johansson Division, 
Department 1412, Dearborn, Michigan. 

Get Your New Catalog of 

Johansson Gage Blocks and 

Accessories-Write Today I 

Jo on 
GAGE 

BLOCKS 
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Previews of the 
ATOMIC POWER 

Now THAT the first burst of enthusiasm-misguided and 
otherwise--regarding atomic power has simmered down 
somewhat, it seems appropriate to scan briefly some well­
founded opinions on the subject. 

At a recent meeting of the American Society of Mechani­
cal Engineers, members of the Gas Turbine Coordinating 
Committee rendered a preliminary report on atomic power. 
Looking upon atomic energy as an addition to the world's 
supply of fuel, the committee goes on record as saying: "It 
is felt that atomic power certainly will not replace present 
fuels but will supplement them, as oil supplements coal." 
They look forward to the possibility of power-plant units 
"above 200,000 kilowatts, wherein both the gas and steam 
turbine are utilized in the same plant, using both present 
fuel and atomic power to achive the greatest efficiency." 

Because the heat evolved in atomic fission offers an in­
triguing lure to the power engineer, the Gas Turbine Com­
mittee warns: "Possibility exists also that radio-active by­
products of the atom-splitting process might make the air 
unusable in a gas turbine. It appears from this considera­
tion that a semi-closed cycle might be preferred, using the 
heat created but eliminating the radio-active by-products 
from the gas turbine." 

All informed sources stress two important aspects of atomic 
power: Cost of material and time of development. Cost will 
undoubtedly be extremely high for years to come, and the 
necessary development work will pursue a long and arduou!,l 
path. Thus, to central power stations, railroads, and other 
businesses in which the generation or use of power is of ex­
treme importance, General Electric engineers put it this way: 
"Were we responsible .for conducting the affairs of such or­
ganizations, we would go right ahead with our plans for the 
years to come on the basis of present-day commercially 
available sources of energy: namely, coal, oil, and water 
power. Only as research and development proceed shall we 
learn the limitations and possible practical commercial ap­
plications of nuclear power." 

PATENTS A N D  SMALL BUSIN ESSES 

STATING that "the Patent System functi�ns as the indis­
pensable stimulant to that competitive enterprise upon which 
the continued progress and security of America depends," 
the National Patent Council has been organized to represent 
smaller manufacturers in the defense of the United States 
Patent System. The Council, controlled by the smaller manu­
facturers, will appeal directly to fair-minded Americans to 
prevent misled "reformers" of the patent system from pro­
moting monopoly by making changes in our patent. laws 
which would threaten the life of every smaller company 
relying for its existence upon patent protection. 

FURN ITU RE F I N I S H  

AN ENTIRELY new finishing system for wood looms on the 
horizon and promises a .better, faster, more economical 
method of operation for all wood furniture plants. 

In the past, the accepted method of finishing fine furni­
ture involved the use of a number of coats of comparatively 
slow-drying varnish. Each coat was carefully sanded by hand 
and given, its final polish by the same method. Then came 
the fast-drying lacquers that cut finishing time from weeks 
to a matter of days, but still required polishing to bring out 
the grain of the wood. But-and here was the catch-a finish 
that could successfully be sanded could not be hard, tough, 
and elastic; and hardness, toughness, and elasticity are great­
ly to be desired in furniture finishes. 

Now comes the new Durez process, in which neither var­
nish nor lacquer is used. Rather, the protective film is a pure 
resin of the type found in phenolic moldin� comnounds. 
However, it does not have to be applied in sheet form but 
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can be sprayed like an ordinary lacquer and cured in a 
matter of minutes, using infra-red. The resulting film is 
tough and hard, and resistant to water, mild acids, alkalies, 
and abrasive compounds. Best of all, from an industrial 
standpoint, it makes possible the development of a beauti­
ful finish on a piece of wooden furniture within three or 
four hours after the parts have been assembled. 

FU NNY FUZES A N D  RAD IOS 

RADIO engineers see great commercial possibilities in the 
extended use of the equipment that made possible the radio 
proximity fuze. This device, dubbed the "funny fuze," causes 
rockets, bombs, and other projectiles to burst when within 
a predetermined radius of the target. Heart of the funny fuze 
is a set-up of five vacuum tubes housed in a space smaller 
than that encompassed by a tea-cup. The fuze operates on 
radar principles but its greatest implication at the moment 
is for the development of pocket-size radio sets and ex­
tremely compact electronic equipment for many industrial 
control and indicating purposes. 

TELEVISION COST 

.PRICES of television receivers are subject to serious dis­
cussion these days. And here's what to expect in the near 
and medium-near future: For $100 there will be sets giving 
a picture of about post-card size, suitable for two or three 
persons to view; for $250 to $300 it will be possible to buy a 
receiver that will give a piCture which eight or ten persons, 
sitting an average of ten feet from the screen, can enjoy; 
if projection on a screen is wanted, so that a whole roomful 
of people can be entertained, expect prices upward of $1000 
or more. Its all a case of getting what you pay for. The tele­
vision field surely will have' its Fords and its Cadillacs; and 
now as always, more people ride in Fords than in Cadillacs. 

WOO D  WASTE MAKES WOOD 

A HARD wallboard made from sawdust, by a process so 
simple that it can be applied even by small saw-mill op­
erators, holds promise of solving many of the problexns of 
our diminishing wood supply. Production of the new grain­
less board has been likened to the housewife's use of pre­
pared cake flour-add water, stir, and bake. 

Secret of the process is the use of chemical catalysts, 
themselves made from wood. Reports so far indicate that 
the entire procedure, from sawdust through mixing and 
pressing, takes less than 15 minutes to the finished board. 

FO R FUTU RE REFERENCE 

A UTOMOBILES, says an aluminum authority, should weigh 
1000 pounds and up, instead of the present 3000 pounds and. 
up ... Those concerned with the development of aviation­
both commercial and private--should give serious considera­
tion to the development of more sightly airports .. ; Color, 
bright and durable color, has great industrial significance; 
buyers of everything from tooth-brushes to tractors are 
more color conscious than ever before ... Ceramics, resistant 
to intense heat, will in part replace metals in tomorrow's 
gas turbines. 

SCIENTI F I C  AMERICAN DEC EMBER 1945 



So you'll 
see better fj, Nature designed your 

'I . eyes for seeing by day­
light. But t he average 

person spends most of his waking 
hours under artificial light. 

To develop better artificial light 
-for all living and working con­
ditions-has been a continuous 
project of G-E engineers and re­
search scientists. They have even 
developed a whole new Science 
of Seeing. 

The pictures on this page illus­
trate a few ways in which G. E. is 
helping you see the day-by-day 
and night-to-night things more 
easily. General Electric Company, 
SChenectady, N. Y. 

The tIny 7-watt G-E bulb in this night light 
makes darkened halls safely navigable for sleepy 
people. It's especially useful in homes with small 
children. And the cost of electric current has 
been brought so low that, at average residential 
rates, this little lamp will burn for four 8·hour 
nights for only a penny or so! 

Powdered Light. This luminous powder that you see is a phosphor. Coating the inside of 

every G-E fluorescent lamp, it transforms invisible rays into soft, cool light. Recently 

General Electric developed a remarkable new phosphor which will be used in a new 

fluorescent sun lamp to provide healthful summer sunshine all year round, economically 

and efficiently. And speaking of economy, G-E lamp research has reduced the cost of a 

GO-watt G-E bulb by 75% since 1923. Another way in which General Electric helps to 

bring More Goods to More People at Less Cost. 

What's the .best light for readipg? 
Above is one of many testing devices 
in the G-E Lighting Research Labora­
tory. The amount of light on the 
page and the amount of general illum­
ination inside the sphere are varied 
to determine best seeing conditions. 

You'll loon see important events as they happen 
-by improved television with a bigger screen 
and clearer reception. Back in 1928 a G-E en­
gineer, pr. E. F. W. Alexanderson, gave the first 
publit! television demonstration. And for more 
than five years now, G. E. has been telecasting 
regular programs from its own station, WRGB. 

The best investment in the world is in your country's future 
KEEP ALL THE BONDS YOU BUY 

GENERAL" ELECTRIC 
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50 Years Ago in 

(Condensed from Issues of December, 1895) 

T.ELEPHONES - "Chicago police now have a telephone and 
sIgnal system, cor;sisting of 887 public and 370 private boxes, 
o�eratmg ?n 81 circuits, connected with the 37 precinct sta­
tlon� of this depa:tment, in which they are located. The sys­
tem mcludes pubbc sentry boxes placed at street intersections 
equipped with a signal box to transmit the humber of th� 
station; a telephone Jar patrolmen" to report and receive orders over; a chemical'register at the station which records 
the c�lls, and the necessary

. 
switches for operating the tele­

phone and testing for electrical disturbances." 

ELECT�
.
IC MOT9RS.--"C)� JanuarYl, 1895 the Edison Elec-tric. ��l��i�ati . (lIl1pany had connected' 7,615 horse power 

of �lectrlc �. . .
buLat the end of October it had no less �n 11,26� . .. '

.
' power, an increase of,3,648 horse power 

m 
.
the short period of ten months ... The company has 251 487 

inC<lnde���nt,laffips connected and 3,280 arcs. This w;uld 
figure ?�t in the neighborhood of 25,000 horse power, so that 
one-thIrd of the company's total connected capacity is now 
represented by motors ... It is evident that the stationary 
motor in?ustry must be increasing at a rapid rate, for these 
figures, large as they are, take no account of other stations 
than the Edison and do. not incluq-�isolated '�rants." 

WINDMILLS - "In this country the windmill has of late 
years been greatly improved and .. brought extensively into 
use. It is estimated there are over half a million windmills 
now running, and the annuallmcrease in sales is. estim�ted 
to be upw�rd of 50,000. They are mainly used' for pumping 
the domestIc water supply; in many of the Western States a 
farm is scarcely considered to be complete unless it can boast 
of its windmill pump." 

FIREFIGHTING '- "At a recent fire the Chi9.i'go firemen dem­
onstrated at the Masonic Temple their ability to cope with 
fires in the upper stories of the tallest buildings. Engine No. 
t of the city fire department pumped a stream of water 
through 500 feet of hose and standpipes to the roof of the 
building, where there was sufficient force to drench the 
roofs of neighboring buildings. The water pressure at the 
engine was 240 pounds. On the roof at the s.ime time the 
pressure was 54 pounds to the inch." 

PROPELLER SHAFTS - "It is getting to be pretty well under­
stood that the frequent breaking of propeller shafts is not 
due to the defective material of the shafts themselves so 
much as to the excessive strains to which they are subjected, 
owing to the working and straining of the hull of the ship 
in a seaway." 

JORDA N DEVELOPMENT - "According to consular reports, it 
is the intention of the Turkish authorities, at Jerusalem, to 
establish a steamship line on the Dead Sea. The existence 
of asphalt in that region has been ascertained, and it is sup­
posed that petroleum will be found also. A rational develop­
ment of the Jordan Valley from Lake Tiberias down, and 
especially the opening up of the rich mineral resources of 
the Dead Sea basin, is considered a very profitable under­
taking." 
CABLE STEAMER - "One of the great companies, the Com­
mercial Cable Company, owns and operates three complete 
submarine lines between Europe and the United States. To 
keep these cables in order this enterprising company has a 
fine steamer, the Mackay-Bennett. She is 260 feet long, 40 
feet beam, and 22 feet deep, and propelled by twin screws 
driven by independent compound engines. The Mackay-Ben-

nett is pl!ovided with three cable-holding tanks with a total 
capacity of 385 nautical miles. . . The steamer is fitted up 
with all the modern machinery for grappling, picking up and 
paying out cable . . . On the deck are placed two powerful 
engines for heaving. in and paying out the cable." 

GAS VS STEAM - "The gas motor occupies less space than 
the steam engine with its boiler' and chimney, and it has the 
advantage as regards attendance, for one;h1;�ean look after 
several gas engines, while a steam Emg���;)ll'ii�t (lf Apy im­
portance requires an engineman and st?t::'�r, an? often . an 
additional hand to keep up the co�l supplYi�n()ther ;ad­
vantage of �h� gas motor is the fact that·it can at any time 
be . p�t, t<i��ork immedia�ely." 

HEELS ·. i "6� Of
.
the lat¢§t features of «'60d pulp irlaustry 

is the 1iinufacf!l�e of}s�1�" heels from 1tll��materia�1 white 
pine and\;.other Rtnds ; heing used f()r. tlfe�pUrpose." .. ,. �"., - .'-<!f'

;. 
' " 

WOODWORKIN G  - "No 
'b�anch of me�halii 

greater de''velopment inthe!l1nited
. 
Stat�� 

relates to . woodworking_ Ani.1irie� ,has �e,en erninently a 
wood-producing �oun�ry, an?_ nas brou�ht shaping, planing 
and sawing machinery into the greatest p�rfeqtion." 

SULPHUR - "The Standard Oi1'Comp�my ��s ��allY solved 
the great problem, on whic� htmdre?� of thousands of dol­
lars have been spent in vain, of getting at the imme� mass 
of sulphur which lies some hundreds !Of feeb�elow the sur ... 
face in Calcasieu Parish,Louisiana. . . Superheated. water 
is forced through ten inch pipe on the sulphur, melting it, 
and the liquid sulphur water is then pumped up. A little ex­
posure to the air, so as to evaporate the water, leaves almost 
pure sulphur. The experiment has been a success beyond ex­
pectations." 

CALCIUM CARBIDE - "The production on the large scale of 
calcium carbide to be used for the manufacture of acetylene 
gas is now being carried out at the works of the Wilson 
Aluminum Company. By heating in an electric furnace a 
mixture of lime and carhon a combination of the two sub­
stances ensues, and a stone like material, the calcium car­
bide, is produced. When water comes in contact with it, part 
of the hydrogen of the water combines with the carbon, 
forming acetylene ; the rest of the hydrogen, with the oxy­
gen of the water, CQmbines with the calcium, forming cal­
cium hydrate." 
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In designing the gun-control systems 
which �hot down enemy planes, Army 
ballistic experts were faced by long 
hours of mathematical calculations. 

So Bell Laboratories developed an 
electrical relay computer. It solved 
complicated problems more accurately 
and swiftly than 40 calculators work­
ing in shifts around the clock. 

Resembling your dial telephone sys­
tem, which seeks out and calls a tele­
phone number, this brain-like machine 
selects and energizes electric circuits to 

(Left to right) The operator punches the problem 
data on tape, which is fed into ;he computer. The 
s91ution emerges in the teletype receiver. Relays 
which figure out the problem look like your dial 
telephone system. 

correspond with the numbers fed in. 
Then it juggles the circuits through 
scores of combinations corresponding 
to the successive stages of long calcula­
tions. It will even solve triangles and 
consult mathematical tables. The 
operator hands it a series of problems 
with the tips of her fingers - next 
morning the correct answers are neatly 
typed. Ballistic experts used this calcu­
lator to compute the performance of 
experimental gun directors and thus to 

. evaluate new designs. 

In battle action, Electrical Gun Di­
rectors are, of course, instantaneous. 
Such a director helped to make the 
port of Antwerp available to our ad­
vancing troops by directing the guns 
which shot down more than 90% of 
the thousands of buzz bombs. 

Every day, your Bell System tele­
phone calls are speeded by calculators 
which use electric currents to do sums. 
Even now, lessons learned from the 
relay computer are being applied to 
the extension of dialing over toll lines. 

BELL TELEPHONE LABORATORIES 

EXPLORING AND INVENTING, DEVISING AND PERFECTING FOR CONTINUED IMPROVEMENTS AND ECONOMIES IN TELEPHONE SERVICE 
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As Reflected 
Of Optics 

In 
By 

Dichroic Coating 
Swain Nelson 

When the new techniques of coating are correctly executed, precision optics cease merely 

to be highly polished pieces of glass. but take on new properties and offer possibilities 

once undreamed of. 

The high type of artistry and technical perfection put into the Dichroic coating of lenses 

by Swain Nelson experts offers amazing selectivity as to light reflections and color trans­

mission. Close to 1000/0 efficiency is the standard result you may expect from Swain Nelson 

Dichroic coating. 

Throughout the war period and since. Swain Nelson techniques in coatings of all types­

including low reflecting coatings, and aluminizing. on a production basis, have attracted 

inquiries and business from some of America's largest manufacturers. 

Ill. 
Creators and Manufacturers of 

OPTICAL, ELECTRONIC AND RELATED PRODUCTS 
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Upper left: ORSON D. MUNN, 
co-owner of Scientific 

American from 
1846 on with 

ALFRED E. BEACH, ( above ) .  
Upper right: 

FREDERICK C. BEACH, 
who was secretary of 
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ORSON D. MUNN, 
nephew of Charles and 
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A Century of 
Scientific American 

By ALBERT G. INGALLS 

Founded as a Seriolls Newspaper for All Ameri­

cans Whose Interests Were Scientific, Mechanical, 

and Inventive, Scientific American Grew V p with 

America's Great Age of Invention and Took Promi­

nent Part in that Age. Its Main Aim Has Always 

Been to Report Technological Progress, Especially 

as it May Affect Industry 

BEFORE the writer lies prized, century- old Volume 1 
of Scientific American, dated 1845, its pages only 
slightly browned with age, otherwise in a perfect 

state of preservation. Physically it is almost as large as 
a modern newspaper, its pages measuring 15 by 20 
inches. Its publishers in 1845 thought of it as a news­
paper and called it such-not a magazine. Scientific 
American a century ago was a new species of periodi­
cal, a specialized newspaper for those Americans whose 
interests were scientific. It aimed "to furnish the in­
telligent and liberal workingmen, and those who delight 
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in the development of those beauties of Nature, which 
consist in the laws of Mechanics, Chemistry, and other 
branches of Natural Philosophy, with a paper that will 
instruct while it diverts or amuses them, and will re­
tain its excellence and value, when political and ordi­
nary newspapers are thrown aside and forgotten." 

To find enough material of a scientific nature, in the 
limited circumstances of the American community of 
1845, to fill a newspaper with things scientific must have 
taxed the resourcefulness of Rufus Porter, the publisher, 
during the opening year of the periodical. Yet within 
only a very few years Scientific American (published 
from 1846 on by Munn & Co.)  became so widely known 
that matter of that kind gravitated toward it from all 
over the nation and world. 

At first, however, everything scientific, near-scientific, 
and only slightly scientific had to be grist to Rufus 
Porter's mill, and his struggles to keep the new venture 
alive and make it grow show plainly through the pic­
turesque pages of 1845. "If our· paper appears dull this 
week," he confides to his subscribers in the number for 
January 22, 1846, "our readers must attribute the fault 
in part to the dullness of our exchanges, for we can as­
sure them that we have selected the brightest ideas 
from nearly 200 newspapers, besides adding the best of 
our own." "The best of our own" consisted of original 
feature articles and, in each number, "two to five origi­
nal engravings, many of them elegant, and illustrative of 
New Inventions, Scientific Principles, and Curious 
Works." In addition there were "general notices of the 
progress of Mechanical and other Scientific Improve­
ments; American and Foreign Improvements and In­
ventions; Catalogues of American Patents ; Scientific 
Essays, illustrative of the sciences of Mechanics, Chem­
istry and Architecture ; useful information and instruc­
tion in various Arts and Trades ; Curious Philosophical 
Experiments; Miscellaneous Intelligence, Music and 
Poetry." For some years each early number of Scientific 
American contained a column of poetry-at least it was 
verse-and not a few homilies on temperance. Except 
for these components the aim of Scientific American 
today centers around the same scope-things of a prac­
tical and industrial kind. 

The subscription price to Scientific American was two 
dollars a year and the paper was published weekly. The 
publisher announced each week that "any person pro­
curing two or more subscribers will be entitled to a 
commission of 25 cents each. Postmasters who will send 
us four subscribers shall be entitled to one copy gratis."  
Subscriptions were payable in advance and "persons de­
siring to subscribe, have only to enclose the amount in a 
letter." 

Bound volumes of Scientific American occupy in its 
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present publication offices 19% feet length of shelf­
room, or 33% feet if the Scientific American Supple­
plements are included. Often have the editors of the 
present, and no doubt all those of the past, looked at this 
long vista and resolved someday to read all of those 
fascinating back numbers. Futile hope! Merely to turn 
the pages and examine the illustrations would require 
more time than a modern editor can find. But no normal 
human being could even turn over those same pages 
without an urge to stop and read. The editor who each 
month selects the items for "50 Years Ago in Scientific 
American," complains that he suffers perennially from 
"repressed complexes" because the pace of modern 
work does not permit him to read every word of the 
fascinating volume he surveys. 

ELEGANT STREET CAR - The very first number of 
Scientific American affords as succulent browsing, as 
far as sheer reader interest is concerned, as any in the 
earlier years. The "superbly long, elegant car," states 
the caption beneath the opening illustration (see front 
cover) , "runs with a steadiness hardly equalled by a 
steamboat in still water, while flying at the rate of 30 to 
40 miles per hour. Let any' person contrast with it the 
awkward and uncouth cars of '35." Perhaps as we read 
this we smile, yet if we of today smile at the best that 
1845 could offer, we shall in turn deserve to be smiled 
at by someone writing the story of Scientific Ameri­
can's first two centuries in 2045. 

Page 2 of Scientific American's first issue tells its 
readers that "Morse's Telegraph, this wonder of the age, 
which has for several months past been in operation 
between Washington and Baltimore, appears likely to 
come into general use through the length and breadth 
of our land. Arrangements are already made for ex­
tending the lines to Philadelphia, New York, Albany, 
Buffalo, Springfield, Boston, and various other cities 
and sections. It is contemplated by the merchants of 
our Western states, to communicate their orders for 
goods, &c, by means of the telegraph, instead of abiding 
the slow and tedious process of rail-road cars." 

HEADLINES OF 1845 - The same maiden number of 
Scientific American announced that the Frenchman, 
Martiner, has invented a panoramic daguerreotype 
camera with a curved metallic plate. 

The skeleton of a carnivorous mastodon 23 feet in 
length is being exhibited in New York. (In 1845 there 
was nobody of scientific knowledge to which publisher 
Porter could turn to check an impossible claim for a 
"carnivorous" mastodon. )  

Pittsburgh i s  building 2 6  iron furnaces of 100 tons 
daily total capacity. 
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There is much talk of introducing electro-magnetic 
light as a substitute for oil or gas. Just exactly what this 
prophetic terminology connoted, publisher Porter does 
not state in the ancient files of Scientific American nor 
in any private record preserved today. (Readers in 1945 
sometimes ask for "further data from your records" on 
things published in Scientific American as long ago as 
half a century, but even editors grow old and die, and 
so do records.)  

On the third page of his first number the publisher 
editorialized scornfully concerning Signor Muzio Muzzi's 
travelling balloon. "We doubt," he asserted, "whether 
any event has transpired within the present century, 
which has served to develop the ignorance and gulli­
bility of the citizens of New York to so great an extent. 
We have been distressed with mingled sensations of re­
gret and vexation to witness the applause of several of 
the most popular city papers, and men of reputed scien­
tific attainments, appended to a certificate of commen­
dation of a contrivance, the futility of which is so pal­
pable at first sight, that a schoolboy of nine years would 
be censurable for dullness if he could not readily detect 
it." 

The futile contrivance consisted of a spherical balloon 
to be steered by a rudder. Suspended beneath the bal­
loon was to be a sloping or diagonal plane. When the 
balloon ascended, the sloping plane would drive it 
ahead. When it had risen to its summit its gas was to be 
valved off and the plane was to be reversed, so that the 
descending balloon would proceed an equal distance 
farther ;  or, in all, two miles! "Such, gentle reader," 
ridiculed the infant ancestor of the magazine you are 
reading, "is the invention which has been lauded by our 
first men and biggest editors." 

AIR-MINDED - Not, however, that Scientific Ameri­
can wasn't air-minded even in 1845, for it offered, three 
weeks later, on its own account, "an aerial apparatus, 
on perfectly rational and established principles, that 
will navigate the atmosphere at a speed of 100 miles 
per hour, with safety, and perfectly at command; being 
in the form of an elliptic spindle, with a buoyancy of 
several tons, and driven forward by the power of steam, 
applied to revolving spiral fan-wheels." 

The original woodcut of this proposed pre-Zeppelin 
dirigible deserves detailed and serious examination. 
The 350-foot balloon was to be hydrogen-filled. It was 
to be stiffened. by 16 lengthwise rods-would weigh 
7000 pounds and, with a 12,000-pound lift, would carry 
a net useful load of 5000 pounds. A two-horsepower 
engine which, the publisher stated, "we have already 
constructed and put into operation, if built on a scale 
of ten horse-powers, or if necessary, 30, will drive two 
spiral fan-wheels 16 feet in diameter and give a speed 
of 100 miles an hour." 

The rudder was to consist of "two broad fans, inter­
secting each other at right angles in the centre and con-

trolled by four lines, by means of which the direction 
of the balloon is completely governed, both horizontally 
and vertically." 

"This balloon being once inflated, is intended to be 
kept constantly afloat, being moored at about 100 feet 
distance from the earth. With regard to the safety of 
this mode of travelling, we think there will be less 
danger in travelling over land in aerial vessels, than 
there now ordinarily exists in travelling by either sail­
ing vessels or steamboats. The balloon will be furnished 
with an improved parachute for each passenger." 

Not so accurately prophetic was a note in June, 1846: 
"A project is in motion for extending a submarine 
[telegraph] line between England and France ; but it is. 
known to many in this country that the plan is utterly 
impracticable." 

UNINHIBITED - In Volume 1 ,  No. 5, the outspoken, 
uninhibited publisher Porter hotly resented a slur. "It 
is reported," he wrote, "that our paper is generally well 
received, and that the only objection is that 'it is too 
small for the price.'  We can assure the stupid, senseless 
boobies who make this assertion, that we could afford 
the paper at one-half its present price, if we were to 
fill two pages with advertisements. We should be glad," 
he continued, "to instill a little common sense into the 
heads of such people, but as that cannot be done, we 
must be content to furnish our paper to those who 
have more consideration than to suppose that the value 
of a paper is in proportion to its dimensions." 

After eight weekly numbers of Scientific American 
had appeared the periodical's publication offices in 
Spruce Street, downtown, then mid-town, Manhattan, 
were completely burned with a loss of $700, and there 
was no insurance. The account in Scientific American 
a month later when publication was resumed tells us 
that the flames were at the door, and that Rufus Porter 
siezed his most valued possession, the subscription list, 
and rushed through these flames to gain the street. A 
young man who was present in the offices had asked 
for a pail of water and then impulsively followed the. 
publisher to the street "without attempting an applica­
tion of it." Thus from the flames were rescued two. 
things, the infant Scientific American's precious sub-. 
scription list and a bucket of water. 

In June 1846 Rufus Porter, so Scientific American's; 
columns state,  made a business trip to Washington. 
D. C. ,  and conveniently skipped a number, apologizing 
in the next number. This precedent will be an attractive 
one to all editors of the present day! 

ENTER MUNN AND BEACH -When Scientific Ameri­
can was almost a year old, publisher Porter sold his 
interest to two young men, Orson Desaix Munn, grand­
father of the present editor and publisher of the same 
name, and his school-mate chum, Alfred Ely Beach. The 
sale price was $800, roughly equivalent to $1500 today, 

Reproduction of ''The Travelling Balloon," from the Sep tember 18, 1845 issue of Scientific American Said th 
editor: "The practicability of travelling rapidly and safely through the air, has been already established

" 
so far a 

e 

theory can establish a point without actual experiment; and the principles" " 
" have been already thus est�b1ished.'� 
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and each man put up half of this amount. Munn was 
then twenty-two and had recently come to New York 
City from Monson, Massachusetts, where his father had 
a general store. Educated at Monson Academy, at 19 he 
had become a clerk in a bookstore in Springfield, Massa­
chusetts. This experience eventually proved to be the 
turning point in his career, for he then became con­
scious of the future possibilities in the publishing field. 
He later became a clerk in his father's store and post 
office in the village ·of Monson and, being gifted with a 
keen business sense, he built up a reserve of capital 
which was later to start him in business in New York. 

Mr. Munn lived to the age of 82, dying in 1907, and 
devoted much of his time during the intervening 60 
years to Scientific American as Editor. His active span 
therefore covered fully 60 percent of the whole life span 
of Scientific American even today. 

Alfred Ely Beach was only 20 years of age when 
Munn and Beach bought Scientific American but he 
had spent some years in the office of the New York Sun, 
then owned by his father. This experience was of great 
value in building up the small and still struggling little 
journal which they had purchased. And because Beach 
was a minor, his friend, Orson Munn, held his half in­
terest in trust until he became of age, at which time a 
partnership was formed known as Munn & Co. This 
name appeared on the mast head of Scientific American 
from then on. 

Mr. Beach, a man of versatile mechanical bent and 
great perspicacity, was intimately associated with the 
preparation and prosecution of patent applications 
which were later undertaken by the original partner­
ship and gave personal supervision -to practically all the 
patent work done by the staff of Munn & Co. Beach, in 
fact, was a mechanical genius and an inventor of note, 
among his inventions being one of the first successful 
typewriters and the tunneling shield which made pos­
sible the construction of his experimental subway under 
Broadway, the forerunner of New York's present vast 
subway system. 

Under the management of Munn and Beach, the 
periodical lost in quaintness, picturesqueness, and ex­
centricity but gained in authority and standing. No 
further editorial referring to "stupid, senseless boobies" 
and the like are to be found in the files, indicating, no 

A cross-section of the tnnneling lDachine or shield, 
invented by Alfred E. Beach, of Scientific AlDerican, 
and which not only lDade possible the construction of 
the first subway but served to establish the principles 
upon which tunnels are still constructed. The cutting 
edge of the shield is at B and the hydraulic jacks at D 

doubt, that Rufus Porter, while remaining for a time as 
Editor, was under constraint of greater decorousness 
and dignity imposed by the new owners.  After another 
year he dropped out of the picture entirely, and there­
after Scientific American was urbane and-from the 
point of view of an antiquarian searching a century 
later for entertaining evidences of rugged individuality 
--considerably less provocative of chuckles. 

INVENTION AND INDUSTRY - The page size was 
reduced to 11 by 15 inches and the number of pages was 
increased from the previous four to eight. Paper and 
printing were improved, more illustrations were pre-

The doors of the Beach Pneumatic Transit Company were opened to the public on February 26, 1870. At left is a 
view of the tunnel and at right a section of one of the cars that were driven by air from "a gigantic blowing engine" 
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sented, and from' this time on emphasis was placed by 
pu/:>lishers Munn and Beach on the interests of the 
American inventor and American industry. 

A resident correspondent was placed at Washington, 
"in a measure connected with the Patent Office," so that 
"our subscribers will receive the first 'notices of any 
NEW INVENTIONS, The latest foreign inventions will 
also be published."  This was the beginning of the Patent 
Department of Scientific American and for 50 years the 
two went hand in hand-the periodical proper, largely 
devoted to mechanical progress and its Patent Depart­
ment for encouraging and assisting inventors. 

Steadily the new journal, unique in kind, grew in size 
and circulation. In 1849 the circulation was 12,000, in 
1852, 16,000. Little attention was paid to advertising. 
In fact, advertisers were made to jump through the 
hoop as soon as circumstances permitted. The advertis­
ing section each week, beginning in 1853, carried a rate 
card. An advertisement of four lines cost for each in­
sertion 75 cents ; 16 lines, $3.00. Accompanying this is a 
statement which may give modern advertisers cause 
to grin or faint : "Advertisements exceeding 16 lines," 
it stated flat-footedly, "cannot be admitted; neitheF can 
engravings be inserted in the advertising columns at any 
price." With such a frank, forthright statement there 
could be no possible argument. 

NEEDED BY MANUFACTURERS - An editorial in the 
same number called attention to the new typography 
and paper, and the fact that the weekly paper had been 
increased to 16 pages. "All the patent claims, as issued 
by the Patent Office, will be published every week," the 
publisher stated. "On this account no man interested 
in patents should be without the 'Scientific American,' 
and if he is wise for himself he will not. There is not 
a manufacturer in our land but should, be a subscriber, 
because he does not know but some invention may 
come up any week to revolutionize his whole business. 
It affords us no small degree of pleasure to know that 
many of our countrymen have been greatly benefitted 
in circumstances because they have been readers of the 
'Scientific American.' ' '  

Thus this periodical has had a large share in the 
industrial growth of the nation. It arrived on the na­
tional scene at a period in our history when invention 
was on the upsurge, yet when a virtual vacuum existed 
in regard to media of publication through which me­
chanics-today we would refer to them as mechanical 
engineers and machine designers-could meet, as it were, 
in the printed page. It became the focus of their common 
interests and thoughts and, since the enterprise was 
conducted in an intelligent manner, it thrived lustily. 
"There are at least 6,000,000 of our population interested 
in inventions, science, chemistry, and the arts," con­
tinued the editorial of 1853. The great wave of inven­
tion which was to place this land in the industrial lead 
was advancing and Orson D.  Munn and his partner 
Alfred E. Beach, the country youths, were on the spot 
at the correct time waiting for it. 

A century ago patent attorneys were practically un­
known. Isolated inventors scarcely knew how to pro­
ceed to obtain patents and market their inventions. 
Scientific American, with a corps of experts on patents, 
became the genial sun that thawed out this frozen situ­
ation. A former commissioner of patents, Judge Charles 
Mason, was retained to head the periodical's patent de­
partment and a branch office, an essential link, was 
opened at Washington. The business grew rapidly. At 
the time of Munn's death 60 years after he and Alfred 
Beach purchased Scientific American for $800, more 
than 100,000 patents had been secured for clients. 

Naturally, Scientific American's offices soon became 
a resort of inventors in the flesh, and to them came men 
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now famous in the history of invention to consult with 
the editors-Capt. Ericsson, Commodore Stevens, Capt. 
Eads, Samuel Morse, Elias Howe, Dr. Gatling, Peter 
Cooper Hewitt, Thomas Edison, and others of fame. In 
1877 Edison dropped in one day with a package under 
his arm, which he silently proceeded to open and whose 
content announced itself, when he turned a crank, by 
speaking the words : "Good morning. How do you do? 
How do you like the talking box ? "  

The editors o f  Scientific American were among the 
first to see the Edison incandescent lamp, the Edison 
dynamo, and the Edison moving picture machine, the 
"kinetoscope," and it is not Edison's fault that we do 
not today go to the "kinetos" instead of the movies. 

For half a century the Patent Department of Scien­
tific American flourished and Munn & Co. served the 
dual purpose of publishing an industrial journal and 
advancing the interests of inventors. Then, in the early 
1890's, a law was passed prohibiting corporations from 
practicing before the Patent Office. At that time a sepa-

A type�ter 01 1888. Fundamental to its development 
were radial swinging arms, invented by A. E. Beach 

rate partnership was formed to represent inventors. 
From then on the publishing and patent businesses went 
their separate ways, operating as separate entities. The 
present patent partnership is practicing under the name 
of Munn, Liddy, and Glaccum, WIth Orson D. Munn, 
editor of Scientific American, as senior member of the 
firm. 

THE "SUPPLEMENT" - In 1876 Munn & Co. an­
nounced the publication of the new Scientific American 
Supplement, uniform in size with Scientific American 
and designed "to meet the wants of that large class of 
readers who desire an increased supply of scientific 
information, particularly of the more technical and de­
tailed character. It will embrace a wide range of con­
tents, covering the most recent and valuable papers by 
eminent writers in all the principle departments of 
science and useful knowledge, to wit : chemistry and 
metallurgy; mechanics and engineering; electricity, light, 
heat, sound; architecture ; technology ; agriculture, 
botany, and horticulture ; rural and household economy; 
materia medica, therapeutics, hygiene; natural history 
and zoology; meteorology, terrestrial physics, geogra­
phy; geology and mineralogy; astronomy." The Supple­
ment was a separate and independent publication. 

No longer by then was a "scientific newspaper" 
unique. Other more technical scientific journals were 
being published and from these j ournals Scientific 
American Supplement reprinted the best selections, 
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with credit to the sources. Thus, by subscribing to the 
Supplement the reader could, in a sense, subscribe to a 
hundred other periodicals. The Supplement was pub­
lished until 1921 when it, the child, was swallowed by 
its parent publication which at the same time became a 
monthly. Explaining this major change of policy the 
editor candidly stated: 

"The position which the scientific weekly held 75 
years ago, when Scientific American was founded, is no 
longer a sound one. In 1845 the daily press gave the 
scantest space to scientific matters. There was a real 
demand for a periodical devoted to the world's advance, 
which should not necessarily give such complete or such 
technical statements as the quarterlies and the annuals 
of the physicist, the chemist, the electrician and the 
engineer, but which should enable the intelligent reader 
to get a sufficient idea of what has been done, and to get 
this without waiting for the appearance of quarterly or 
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" '
t t' d "th" I th o ay, 1 con mue , IS IS no onger e case. 

The daily papers give excellent summaries of every 
scientific adyance, of every invention of importance. As 
regards the mere function of a scientific newspaper, it 
is obvious that the weekly can compete with the daily 
no more than the quarterly could compete with the 
weekly." 

In short, times had changed and the serious news­
paper for scientific Americans of 1845 no longer en­
j oyed near uniqueness. A formidable book of 814 large 
pages, entitled "A World List of Scientific Periodicals," 
published in 1934 ( Oxford University Press) and avail­
able for inspection in most large libraries, contains the 
names of over 36,000 (thirty-six thousand) such j our­
nals. 

TODAY - Scientific American has traced the trends of 
the times for 100 years, often presenting its reports in 
advance of the obvious trends. And its development into 
the industrial publication of today is j ust as logical as 
was its change from a weekly to a monthly in 1921. 
Before Scientific American was started in 1�45, there 
was no "newspaper" that served the mechanically in­
clined ;  in 1943 (when the last maj or change was made 
in the editorial policy of Scientific American) there 
was no general magazine that reported technological 
progress for industry as a whole. It was simply a case 

Edison's phonograph of 1877 
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of expanding industrial coverage, with a background 
of almost a century of experience in industrial report­
ing. Into that niche, which sorely needed filling, stepped 
Scientific American with its September 1943 issue. To­
day, with a group of contributing editors who are in­
dividual specialists in their own industrial fields, its 
pages not only report technological progress but in­
terpret and prophesy as well. 

Thus Scientific American is the dean-the senior­
of American periodicals of popularized science. Even 
among professional scientific j ournals only two in this 
nation, The American Journal of Science, largely de­
voted to paleontology, and The Journal of the Franklin 
Institute, are older. A century of Scientific American's 
history is essentially a century of American advance in 
scientific and industrial progress and invention. 

OTHER ACTIVITIES - It is only natural that a suc­
cessful magazine publishing concern should at times 
turn its attention to book publishing. But realizing that 
its first interests should concern the magazine, Munn & 
Co., Inc., has entered the book field only in a specialized 
way. For over 40 years "The Scientific American Cyclo­
pedia of Formulas" has been the standard of its kind 
and has run through many editions and hundreds of 
thousands of copies. "The Finger Print Instructor" is 
another volume that has made an enviable name for 
itself. It is the "Bible" of police departments throughout 
the country and is widely used by the F.B.I.,  in private 
detective work, and in industrial plant personnel op­
erations. 

In the middle 1920's the writer of this article pub­
lished a series of articles in Scientific American on the 
subj ect of amateur telescope making. As a result, fur­
ther information was requested by readers in such great 
numbers that a small book entitled "Amateur Telescope 
Making" was published. Its reception was warm in­
deed, and now, in its fourth edition, it is a full-grown 
volume of some 500 pages. The appeal of telescope mak­
ing as a hobby requiring more than usual application 
and diligence was so great that the elementary book was 
followed by a companion volume named "Amateur 
Telescope Making-Advanced." Altogether, these two 
books have been sold in numbers approximating 40,000, 
with an estimated readership of several times that num­
ber. 

At the height of enthusiasm for amateur photography 
in the decade prior to World War II, Scientific Ameri­
can published a book for those camera users who wanted 
fundamental instruction in how to get the best results 
from their cameras. This volume, "So You Want to Take 
Better Pictures," is now out of print. 

In addition to its specialized activities in the book 
publishing business, Scientific American conducts a book 
department for the benefit of its readers. In connection 
with this service, its pages each month carry a number 
of reviews of the latest books of other publishers. These 
books are made available through the department, 
whose slogan is : "We can supply any book in print." 

PRESENT EDITOR - Since 1923, Orson Desaix Munn, 
grandson of the Orson Desaix Munn, the enterprising 
clerk in a Massachusetts village general store who al­
most a century ago purchased a half interest in a strug­
gling new venture and built an institution that is closely 
linked with the history of American invention, is the 
publisher and editor of Scientific American. First as­
sociated with the publication in 1906, he succeeded to 
the editorship upon the death of his uncle, Charles A. 
Munn, to whom the publication was bequeathed by its 
builder. Mr. Munn is a Princeton graduate Litt.B., and 
holds the degrees of LL.B. from New York Law School 
and Sc.D. from Oglethorpe University. 
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90 YEARS 

When R. T. Crane poured a ladle of molten metal 

into a flask 90 years ago, a new industry was born. 

The growth of Crane Co. from 1 8 5 5  to 1945 is 

symbolic of the growth of America's dominance in 

,
Production, for Crane Co.'s business is supplying the 

valves, fittings and pipe so essential to all industry. 

It is difficult to conceive of any production that 

does not depend to a greater or lesser extent on pip­

ing. For wherever steam, air, water, oil or any other 

Today the giant Crane plant, covering 160 
acres, produces thoJlsands 0/ different piping 
materials to meet the needs 0/ all industries. 

C R A N E 

On July 4, 18H R. T. Crane poured the 
first metal in this lillie/oundry in Chicago. 

liquids flow, it takes valves, fittings and pipe to con­

trol them . 

Today Crane Co. is the world's largest producer 

of flow control equipment and the Crane line in­

cludes: "everything for every piping system." Users 

of piping are familiar with Crane's nation-wide dis­

tribution that serves every section of the country 

through Crane Branches and Wholesalers. 

Crane Co., 8 3 6  S. Michigan Ave., Chicago 5, Ill. 
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ENG I N EER I N G Conducted by EDW I N  LA I RD CADY 

Lost  Wax At Work 
Precis ion Castings Can be P roduced Commercial ly  by the Lost-Wax 

Process, but Not by "Off- i n - the-Corner" Methods. Materia ls, Proc�ss­

ing, and Equipment Must be Fitted to the Job i n  Hand;  then Lost Wax 

Ca n S how Outsta nding Adva n tages in Acc u racy and Scra p  Reduct ion 

A PRECISION cam which is the 
nerve center of a business 

machine needed 59 machining op­
erations to complete it. Many of its 
dimensions had to be held to plus 
or minus .001 inch on irregular con­
tours ; . its cam-curve outside di­
ameter was held to plus or minus 
.0025 inch. 

Naturally, the precision machin­
ing spoilage was high. Allowing an 
average of less than 1 percent spoil­
age on each operation, the manu­
facturer would have to start with 
150 blanks to obtain 100 finished 
cams. The overall costs added up to 
more than $7 a cam. 

Lost-wax * precision-investment 
casting allowed this cam to be made 
for $1.25, a saving which when mul­
tiplied by the usual factors applying 
to manufacturing mark ups would 
provide $15 a machine for reducing 
the retail price, or for sales and 
advertising costs, or for cash re-

*For further details o n  t h e  lost-wax casting 
process Itself, see page 259. December 1943 issue 
of Sclentulc American. - Editor. 

serVes and profits. But before such 
a result could be had the company 
management's attitude toward lost­
wax casting had to change. 

This company, like so many 
others, had regarded lost-wax cast­
ing as an "off-in-the-corner" process 
which almost anybody could operate. 
After all, the process is simple. A 
full sized model of the part to be 
produced is made of metal, wood, or 
any other hard material, a mold 
with suitable parting faces and sprue 
passages is made around that model, 
wax is poured into the mold to 
form a wax replica of the model 
with its sprue, several wax replicas 

Right : Gas 
fired 

melt ing 
furnace 

for metals 

Left : Gas 
fired 

fu rnace for 
e l im inating 

wax 

are ganged by connecting their 
sprues, an investment is poured 
around the gang, the investment is 
hardened or "set," the wax is evacu­
ated by putting the investment into 
a furnace and "losing" the wax up 
the chimney as gases, and molten 
metal is poured into the investment 
where the wax used to be. Cut or 
dissolve the investment away from 
the cooled metal, cut away the 

sprues, and there are the finished 
parts with accuracies as close as 
.001 inch. 

The trouble is, molten metal will 
shrink, swell, warp, turn porous, 
become harder in some areas than 
in others, and play other tricks as it 
cools. The company tried the 
simplest form of lost-wax precision 

casting and found the part coming 
neither to true dimensions nor to 
acceptable metallurgical quality. 

.J'il\.ll 
DOWN TO CASES-Then a con­
sultant, Baker Castings, was called 
in and real work began. First of all , 
the model had to be changed. This 
company had believed the all too 
common statement that a finished 
piece of correct dimensions is all 
that is needed for a model, and had 
proceeded accordingly in its original 
experiments. And, of course, where 
the finished dimensions do not need 
to be too close, as in ornamental 
parts making, the original piece does 
make a good model. But if cast metal 
is going to shrink or warp as it 
cools then the dimensions of the 
model must be changed to com­
pensate for all that. 

The final model was by no means 
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Courtesy Ecco High Frequency Company 
Smal l  parts l ike these, made from brass, g old, p lat inum, high carbon, a n d  sta i n ­
less steel a r e  quickly a n d  accu rately produced b y  the lost w a x  method 

an oversized version of the original 
piece. Lost-wax casting has methods 
which can improve products as well 
as its own processes, and some of 
these were used. 

A pin, for example, ground to 
.OOOl-inch accuracy, was used in 
the molding of the wax replica. 
Withdrawn from the wax, this would 
leave a hole which would be within 
the tolerances usually achieved by 
grinding:"in the finished piece. The 
hole would be only three sixteenths 
of an inch in diameter and eccentric 
to the axis of the piece ; a size and 
position in which internal grinding 
would have been so difficult to per­
form that the company had aban­
doned the idea of obtaining the de­
sired accuracy. 

Soft rubber plugs attached to 
parts of the mold could be pulled 
straight out from .the wax replica, . 
causing them to stretch thin and 
come out without distorting the 
wax. One of these was used to form 
an oil hole which followed a curved 
path from the side of the piece to 
an oil chamber at the axis of the 

Courtesy Ecco High Frequency Company 

piece. Another formed the oil 
chamber itself, with the chamber 
recessed in the middle of the piece 
and the sides coming down to the 
diameter needed for the bearing 
bushing. Without this lubricating ar­
rangement a costly drilled shaft 
would have had to be used to get 
oil to the bearing. 

Arrangements like these brought 
the company's product designer into 
the picture. Lost-wax casting was 
ceasing to be considered an odd 
process for the production of one 
part of the machine, and was work­
ing its way into the family of proc­
esses which make up the production 
line. 

N EW MATER IALS-With the new 
process a stainless steel could be 
used for the part. In fact, lost-wax 
precision casting works better on 
alloy steels than on plain carbon 
ones. This brought the metallurgist 
into the picture. 

Finally came the question of the 
cost of lost-wax casting. It was found 
that, although this process can hold 

Above : E lectric equipment for l ost wax casting-casting machine, furnace, h ig h - fre ­
quency converter. Above, a t · the r ight : U n it for making four castings at o nce 
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very fine tolerances on nearly any 
dimensions, the cost can be less if 
some tolerances are allowed to go to 
plus or minus .OOS-inch. Further­
more, although lost wax does pro­
duce smooth surfaces and true ones, 
it does not yield the brightness and 
smoothness of ground ones. 

The decision was made to cast 
some dimensions slightly oversize 
and grind to size. And thus lost­
wax precision casting worked itself 
fully into the production scheme as 
a production line process which 
feeds other processes. Part of this 
decision involved selecting the con­
trol surfaces by which the parts were 
to be chucked for grinding. These 
had to be made of ample widths 
for the collets to grasp, and of high 
concentric as well as parallel and 
dimensional accuracy. Further modi­
fication of the part was involved, 
with consequent remaking of the 
model. 

Installation of a lost-wax pre­
cision castings department was con­
sidered. But the company found that 
the lost-wax process shares one con­
dition with forgings, screw machine 
products, stampings, die castings, 
plastics, powder metallurgy, and 

other resources available to ma­
chinery makers. There are wide 
varieties of equipment available, 
and each variety has special but 
limited abilities. Contractors which 
devote themselves mostly or wholly 
to this process either have widely 
varied and highly adaptable equip­
ment to take on almost any j ob, or 
else have highly specialized produc­
tion lines to do extra good work 
at low prices on narrow ranges of 
products. 

Equipment for lost-wax casting 
has been developed very rapidly. 
Old-line makers such as the Jelrus 
Company, Ecco High Frequency, 
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" 
" 

A typica l  set - u p  showing the m o ld, 
i n vestment, and the molded product 

Detroit Dental Casting, Kerr Dental 
Manufacturing Company-to men­
tion a few-and specialized supply 
houses like Alexander Saunders and 
Company, are bringing out new and 
improved equipment and supplies at 
a rapid pace. Companies like Gen­
eral Electric have some new prod'­
ucts and ideas too. Furnace makers 
such as Baker are well up in the 
equipment parade. 

The fact 
"
is, lost-wax precis

'
ion 

casting equipment and supplies form 
a tempting target for every phase of 
industry. 

B ETTER WAXES-The waxes-pri­
mary key to the whole process­
must be capable of assuming high 
dimensional accuracies when forced 
under pr�ssure into molds, of flow­
ing into all so'its of recesses, of as­
suming true;shapes when molded to 
such contours as threads and sharp 
re-entrant angles, and of holding 
their accuracies and contours while 
hanined by human hands or by ma­
chines at room temperatures. Many 
improvements in the qua'

lities and 
abilities of waxes have been made, 
others are on their way. Waxes 
which, for example, will have higher 
structural stabilities in thin walled 
sections, soon will be obtainable. 
Some of the "waxes" are plastics 
which contain little or no wax. Com­
plete evacuation ability is needed 
too. 

Investment materials, the second­
ary key to the process, are another 
chemist's opportunity in this busi­
ness. The investment must be 
capable of penetrating to the tiniest 
openings in the contours of the cast 
wax, and of holding true contours 
while being set, while the wax is 
being gasified and evacuated, and 
while heavy and somewhat abrasive 
molten metal is being forced into 
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them under the pressure of cen­
trifugal casting. The higher the 
structural strength of the invest­
ment the more complex, heavy, and 
large can be the castings-structural 
strength of the investment also af­
fects the final accuracy of the part. 
Most of the present investments are 
ceramics. But graphite-bearing ma­
terials and others familiar to metal 
melters are in use. And in the test­
tube stages are investments which 
under the heat of the molten metal 
will release nitrogen or other oxida­
tion inhibiting materials, or will pro­
vide other special surface conditions 
on the finished parts. 

Molds for casting the waxes are 
receiving a great deal of study. They 
can be made of plastic rubber which 
later is vulcanized-this is the 
simplest process. Some of the bis­
muth alloys are especially adapted 
to the making of these molds. Molds 
can be made of hydrolized wood 
(Masonite die stock) or of plastics. 
They can be sunk by die makers. 
In short, molds for wax are a brand 
new invitation to imaginative tool 
and die makers . 

The metallurgical end ' of the pro­
duction line offers chances for metals 
makers and users to remove some 
of their limitations. The fact that 
the process works at its best on some 
of the metals which are too high in 
melting points for die casting, too 
tough for machining, and too hard 
or brittle for extruding, already is 
putting plenty of lost-wax casting 
equipment to work. The advantage 
that this process wastes only the 
very least of the raw material to 
machining chips and to scrap of any 
kind, is one of the main reasons 
why it appealed to j ewelers and 
other users of precious metals before 
it did to industry as a whole. Lost 
wax will solve many a problem 
where scrap losses are headaches. In 
many a shop it will be practical to 
transfer chips, rod ends, and other 
scrap to the lost-wax line and con­
vert them into useful products with 
raw materials costs calculated at 
only scrap values. 

EQU I PMENT-Any kind of metals­
heating equipment from oil and gas 
furnaces to dielectric and induction 
heaters can find employment here. 
Some of the most modern equipment 
uses electrical means to melt the 
metal right in the casting machine. 
It is practical to run such equip­
ment-and other casting equipment 
-in controlled atmosphere chambers 
and thus get rid of oxidation and 
other problems. 

Supersonics methods can improve 
both the applying of the investment 
and the casting of the metaL Elec­
tronic equipment, pyrometers, and 

other control instruments find plenty 
of use. 

With all of this available the com­
pany decided to use the services 
of a contractor until it got its lost­
wax precision-casting experience 
ripened a bit, after which it could 
install its own equipment. But many 
another company has gone through 
this stage and has its own lost-wax 
production line going at full speed. 

Lost wax may yet solve such prob­
lems as the commercial molding of 
such exceedingly hard materials as 
boron carbide (Norton's "N orbide") .  
But aside from these experimental 
opportunities, the process has a firm 
grip on production lines ; it has come 
of age. 

SENSITIVE CONT ROLS 

Use Principle of Changing 
Electrical Resistance 

USE HAS long been made of the fact 
that a wire of a given alloy changes 
its electrical resistance with changes 
in diameter. One very old use, for 
example, is to find the diameter of 
an extremely fine piece of wire of 
a known alloy by measuring its 
resistance and from this computing 
its diameter. 

With the diameter and alloy al­
ready known, use has been made 
of this same principle by measuring 
the amount which the wire stretches 
under extremely minute movements 
of devices which are attached to its 
ends. When the wire stretches, its 
diameter is reduced and its electri­
cal resistance goes up. Movements 
of as little as one millionth of an inch 
of the devices fastened to the wire 
ends can thus be accurately meas­
ured. 

Instruments which measure tiny 
movements in this way are known 
as strain gages. They measure the 
bendings or twistings of machine 
parts such as gears and shafts under 
load, and thus permit the accurate 
analysis of the loads which these 
parts are carrying. 

Latest reported use of the princi­
ple is to measure the pressures of 
gases or liquids. The pressure is 
imposed on a member to which one 
end of the fine wire is attached; this 
member moves accordingly, and the 
amount of its movement and there­
fore of the pressure upon it is found 
by the changing electrical resistance 
of the wire. By electronic means this 
resistance change is amplified and 
caused to register on instruments, 
to make records, or to operate pres­
sure regulating automatic controls. 
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In a laboratory a SCIENTIST experiments 

with a new gas turbine . . .  using heat-resist­

ing alloy blades that are far stronger, at 

1 100 °F., than ordinary steel at room 

temperature . 

. . .  the name on the GAS TURBINE is Westinghouse. 

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

On a special machine a TESTER employs 
, 

a Rototrol * for smoothly accelerating a large 

flywheel, used in determining the wear­

resisting qualities of tires and brakes ­

for huge air transports of the future . 

. . the name on the ROTOTROL is Westinghouse. 

* Registered Trademark 

����- - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

In a power plant an ENGINEER uses a 

Vibrogtaph to "take the pulse" of a turbo­

generator . . .  recording the smallest 

vibrations as a trace on a film . 

. .  . the name on the VIBROGRAPH is Westinghouse. 

In a manufacturing plant an OPERATOR 

uses an electronic control to regulate 
the movement of milling cutters ­

for accurately machining. irregular cOll­

tours on giant ship propellers . 

. . .  the name on the ELECTRONIC CON.:t�OL 
is Westinghouse. 

,-, . 

NOW THAT Westinghouse technical skill and "know-how" have 

turned from war to peace, expect great things . . .  from Westirl�­

house research, engineering, and precision manufacture. 

Tune in: JOHN CHARLES THOMAS -'-Suhday, 2:30 pm, EST, NBC • TED MALONE-Mon. thru Fri., 11 :45 am, EST, American Network 
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PLAST I CS Conducted by C HARLES A. BRESKI N 

Yo u r  H o m e  I n  P l a s t i cs  

Combin ing  Uti l i ty With i3ea u ty, P last ics  Provide the Modern S m a l l  

H o m e  With Tra nsparent and  Rad i a n t  Wa l l s, Giv ing t h e  I l l us ion of  

Grea ter S ize to  Sma l l  Room s .  P lastics a re U sed for  C u rta i n  Rods, Color­

fu l  Door Knobs, Drawers, Trays, Ta bles, C h a i rs, and  Bath Fixtu res 

MATERIALS of all types have 
come in for their share of 

over-publicity in the last few years, 
and plastics are no exception. To 
counteract this condition and to help 
crystallize the thoughts of architects, 
homebuilders, and buyers alike, 
Rohm and Haas Company has de­
signed and constructed a full-size, 
compact bedroom, dressing room, 
and bath assembly wherein plastics 
are used only where good engineer­
ing and good design dictate. This 
exhibit was constructed with one 
idea in mind-to show how plastics 
in home furnishings and fittings can 
be at once functional and attractive. 
Plexiglas is the only plastics used 
throughout this mock-up except for 
the bedroom curtains, spread, and 
pillow covers which are of Koro­
seal, and the Tego-bonded plywood 
closet doors and dresser fronts. 

Most home-owners have frequent­
ly longed for an air conditioning unit, 
particularly for the bedroom. Yet 
too many have refrained from posi­
tive action in the belief that such 
equipment would be overly costly, 
both to install and maintain, An un­
usual solution to the problem is this 

exhibition bedroom which is held to 
a size that permits the efficient op­
eration of a small air-conditioning 
unit at a cost approximating that of 
a home refrigerator. 

L I M ITLESS ROOM-To offset the 
closed-in feeling that might come 
with solid walls enclosing such a 
small space and to give the impres­
sion of almost limitless room, curved 
transparent sheets of acrylic are 
used as the front and half of the 
side partition. This space-glvmg 
wall sweeps around to the doorway, 
also of acrylic sheet, which opens 
without noise or effort by sliding 
back into the other wall. 

An equally unusual feature of 
this sleeping room is the mural that 
arches over the head of the bed. 
In the exhibition room the scene 
is one of lighted skyscrapers reach­
ing up into the darkened night, but 
the design could as easily have de­
picted a green forest, a surrealist's 
nightmare, or a child's dream 

The three-dimensional effect and 
the startling lighting achieved in 
this mural are produced by engrav­
ing or painting ipdividual elements 

of a design on separate pieces of 
acrylic, each the size of the finished 
mural. The top layer was painted 
with buildings for the foreground, 
the next sheet with those a bit fur­
ther away, while the last or bottom 
piece was entirely covered with a 
solid background of color. Small air 
spaces separate the various layers. 

Before insertion into position in 
the wall, the mural is provided with 
edge-lighting from .a concealed light 
source. This light causes the etched 
or painted portions of . the acrylic 
sheets to glow and sparkle, pro­
ducing a mural that is truly "painted 
in light." 

Small by comparison with the 
mural but equally well designed for 
the role it must play is the clear 
flat strip of acrylic which acts as a 
curtain rod for the multi-striped 
polyviny I chloride curtains in the 
bedroom. More important than the 
ease of installation is that these 
pieces can be wiped clean with a 
damp cloth. And, unlike the usual 
metal rod, this flat strip of trans­
parent plastics sheet blends in­
to the walls and drapes, and does 
not need to be painted. 

The knob of the bedroom door is 
a good example of the ingenious 
manner in which color is combined 
with transparent acrylic materials . 
To get a colorful, workable unit, 

Medicine cabinet has shelves in  the door The design is etched into the curved shower wall 
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a hole was bored in a clear acrylic 
knob, then color poured into the 
space in the center. Another piece 
of this same plastics, pierced by a 
bolt, was next cemented to the knob, 
acting as a means to attach the knob 
to the door. 

S PAC E-SAV I N G-As in the entire 
assembly, not an inch of space is 
wasted in the attractive dressing 
room. Even a proj ecting corner just 
outside the bedroom door has been 
put to use as a hat and shoe closet. 
Double doors swing wide to reveal 

Air condit ioned spaciousness in the 
bedroom i s  ach ieved by use of trans­
parent wa i l s  and  edg e - l ig hted mura l  

a hat rack at the top and three tiers 
of transparent acrylic shoe shelves 
at the bottom. About 15 small hats 
can be accommodated on the re­
volving rack, which is formed en­
tirely of acrylic bars. 

Near the dressing table is a double 
closet which provides space for full­
length evening gowns, street-length 
dresses and suits, and men's coats, 
trousers, and so on. Drawers, built 
in above the clothes rack and on the 
floor, add considerably to the stor­
age · space in this unit assembly. 

Acrylic handles on the drawers 
in this closet serve a second purpose 
-that of label holders. Slips of 
paper printed with the contents of 
particular drawers can be slipped 
under the transparent handles which 
are in the form of a scroll. The 
acrylic acts as a magnifying glass 
so that the labels can easily be read 
from a considerable distance-or by 
a somewhat nearsighted person. 

RAD I ANT WALLS-Both the deco­
ration and the illumination of the 
dressing room come from its walls. 
To accomplish this double purpose, 
they are covered with a sheet of 
Plexiglas which has been engraved 
and painted with a design-in the 
case of this exhibition room, a color-

C u rved p lastics trays-easy to clean 

ful and bold chestnut leaf pattern. 
Hidden fluorescent lamps edge-light 
the wall, causing it to glow radiantly 
wherever the paint or engraving has 
interrupted the smooth polish of the 
normal acrylic surface. The theory 
behind this effect is like that of the 
bedroom mural, only in this instance 
one sheet of acrylic is used instead 
of several. This wall follows the 
curves of both the dressing room 
and bath, and provides general il­
lumination for both rooms. 

This somewhat new concept in 
room lighting is comparable to the 
"warm wall" idea of room heating­
the light spreading out evenly from 
the entire wall instead of intensely 
from a fixture. In both the radiant 
wall and the mural painted in light, 
a different design is seen by re­
flected light than is evident when 
the acrylic sheets are edge lighted. 

Special provision has been made 
for bottles, j ars, small articles of 
clothing, and the odds and ends 
which usually hide themselves away 
as soon as they are needed. Within 
easy reach is the perfume niche 
whose circular shelves will hold a 
myriad of bottles. Illumination is 
provided by the radiant wall which 
also forms the background of this 
tier of shelves. 

One side of the dressing table 
swings open to reveal a set of re­
movable transparent acrylic trays 
for cosmetics, hose, and other small 
articles. These trays are formed 
with deep sides and rounded corners 
which combine to make them easy 
to clean. 

On the other side are three deep 
drawers which are designed to hold 
lingerie or other articles of apparel. 
These drawers are equipped with 
blown acrylic liners which can be 
quickly and easily removed for 
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cleaning. After these liners were 
formed, they were sprayed on the 
back with a pale pink paint to make 
them opaque. 

The huge dressing-table chair is 
a transparent drum formed from 
sheets of acrylic resin, topped with 
a tufted cushion covered with poly­
vinyl chloride fabric. With room 
enough for two, it does away with 
odd chairs that are always getting 
in the way in most bedrooms and 
dressing rooms. It also adds a strange 
lightness and sparkle which comple­
ments the airiness of the rest of the 
compact three-room unit. 

What might otherwise be waste 

Dressin g - table chair  is a plastics 
drum;  perfume n iche i n  r ight  bac k ­
g ro u n d  has c i rcu lar  plastics shelves 

space in the bath is again put to 
good use ; a protruding corner is 
turned into a drying rack. Three 
bent acrylic rods are affixed to the 
door of this cabinet which is de­
signed to be heated with a special 
unit so that drying time can be cut 
to a minimum. 

Just beyond the drier is the over­
size wash basin where baby can be 
given a bath or where small articles 
of clothing can be washed with ease. 
Like the drawer liners, this basin 
was deep drawn from clear acrylic 
sheet, then sprayed on the back 
with white paint. 

The faucet handles are fabricated 
from heavy pieces of this same 
transparent plastic to a shape which 
is easy and comfortable to grip. 
They are cut in such a way that 
the clear plastics catches and re­
flects the light almost like a gem. 

There is double space in the medi­
cine cabinet because acrylic shelves 
are attached to the back · of the mir-
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rored door, supplementing those 
usually found in such cabinets. To 
prevent bottles from falling into the 
basin whenever the door is opened, 
each of these four shelves has an 
inch-high lip at the front. 

PO I SO N-The fear of mistakenly 
seizing a bottle of poison instead of 
some innocent medication seems to 
be universal. Recognizing this fact, 
the designers of this three-room 
suite have set aside one entire shelf 
in the medicine cabinet for poisons. 
To make doubly sure that no mis­
take can be made, this shelf is cov­
ered with a downward swinging 
sheet of red acrylic resin upon which 
the word "POISON" is painted in 
white letters. 

And to top off the wash basin 
and medicine chest is the com­
muter's clock whose acrylic dial is 
lighted" by fluorescent tubes set on 
either side of the · mirror that covers 
the cabinet door. As with the 
fluorescent tubes around the dress­
ing table mirror, these lamps also 
light the radiant walls. 

The toilet, the smooth functional 
lines of which mean easy cleaning, 
is shielded from the remainder of 
the bath by a row of acrylic resin 
bars cut in the shape of prisms. Be­
cause of the reflections thrown from 
the surfaces of these bars, the 
acrylic appears to be opaque-pro­
viding complete privacy. 

Just beyond, half-way between 
the wash basin and the shower stall, 
are towel shelves and racks, and a 
concealed hamper. Again, trans-

BOTTLE BREAKAG E 

Higher in Glass 
Tha n  in Plastics 

SOME light is shed on the question 
of the comparative resistance of 
blown thermoplastics and glass 
bottles to shipping hazards by a 
series of tests recently carried out 
through the co-operation of a manu­
facturer of blown plastics bottles, 
two container manufacturers, and 
an independent testing laboratory. 

A seven foot hexagonal drum, 
studded on the inside with various 
obstacles designed to subj ect the 
test packages to a great many dif­
ferent types of falls, was used for 
the test. For purposes of accurate 
comparison all bottles were of sim­
ilar shape and size, or as nearly so 
as possible. Bottles made of three 
types of plastics formulation were 
tested: acetate; Butyrate ; and poly­
styrene, as well as bottles made 
from flint glass. All the bottles were 
filled with a similar liquid and fitted 
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parent acrylic resin sheets and bars 
are used to good account. 

Immediately adj acent is the 
shower which is equipped with auto­
matic temperature controls both 
outside and in. Anyone who has 
tried to regulate the flow of water 
in a shower without either freezing 
or scalding himself will appreciate 
the convenience of this dual system 
of water regulation. 

The space-giving effect that can 
be achieved through the use of large 
sheets of acrylic resin is again put 
to test in the shower wall. One half 
of the wall of this shower consists 
of two pieces of curved Plexiglas, 
one of which slides back of the 
other to permit entrance to and 
exit from the stall. In this ex­
hibition unit the transparent wall 
of this circular shower is etched 
with only the faintest design. How­
ever, should greater privacy be de­
sired, the pattern could be so heavy 
as to make the sheets almost opaque. 
Just as with the rest of the illumina­
tion in this exhibit, the lighting for 
the shower comes from fluorescent 
tubes set into the wall on either 
side of the transparent enclosure. 

A GOOD START-Many novel uses 
have been suggested for plastics in 
this life-sized bedroom, dressing 
room, and bath assembly-but as 
many more will probably occur to 
the reader. The way has been shown, 
however, in which beauty can be 
combined with practicality-with no 
sacrifice of either of these essential 
qualities. 

with standard type closures. The 
cartons or boxes used to pack the 
bottles were of identical size and 
construction. 

According to reports of the tests 
carried out, acetate bottles showed 
the greatest endurance, surviving 
five drum tests, each of which in­
volved 150 falls of the drum, with­
out visible damage. Butyrate bottles 
stood up almost as well as acetate, 
withstanding 150 falls in all but one 
of the tests. In the case of the poly­
styrene bottles, performance varied, 
breakage occurring after 36 to 104 
falls of the drum. The glass con­
tainers performed according to long 
established standards-breakage oc­
curring in each case after 46 to 69 
falls. 

S EAL I N G  U N IT 
Has Plastics Housing and 
Uses Plastics Tape 

A TRULY all-plastics application is 
a sealing unit put out by Cofax 

Corporation. Not only is the housing 
of the unit inj ection molded of 
Lumarith, but the tape is produced 
on a cellophane backing or Lumarith 
film. 

The sealing tape holder is made 
up of two parts-a base and a snap­
on cover. Both parts presented a 
number of molding problems to the 
Sterling Plastics Company. In the 
case of the base the difficulty was 
with the proper forming of the 

All p last ics 

teeth which are used to cut the 
tape to the desired length. As for 
the cover, it was necessary that this 
piece snap in and out without too 
much pressure being exerted, yet 
hold firm when the sealer was used. 

The Pax dry seal tape is available 
in transparent form and in a range 
of colors. 

U P H O LSTE RY MATE RIAL 
Resists Constant Scuffing 
And is Easy to Clean 

SINCE real leathers and fine woods 
are almost prohibitively expensive, 
manufacturers of dining-room 
equipment are always on the look­
out for materials which will give 
the same effect of elegance yet will 
not require too large an initial in­
vestment. Furthermore, they are at­
tracted by materials which will re­
main flexible, will not crack and 
spot, and will not lose color under 
constant exposure to light. 

The Monsanto Chemical Company 
has come to the aid of these res­
taurant materials manufacturers 
with a vinyl butyral coated uphol­
stery covering which is designed 
to meet all these adverse conditions. 
Used for the first time in the dining 
room of the Sheraton at Springfield, 
Massachusetts, the new covering 
has proved specially suitable as the 
outer lining of the pantry service 
door. Not only does it resist the con­
stant scuffing it receives from the 
feet of waiters but it can be wiped 
clean with a damp cloth. And as a 
coyering for the seats and benches 
that line the walls of this dining hall 
it has proved itself to be stain proof 
and remarkably resistant to sunlight. 
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M OLDING COMPOUNDS 

BREWING REAL PROFITS 

Like most products which are being successfully mer­
chandised in the highly competitive consumer markets 
of today, the Cory Coffee Brewer makes skiIlful use of 
plastics. The hinged decanter cover, safety upper glass 
stand, easy-grip handle, and measuring cup are all  molded 
from a Durez phenolic compound. Such inherent char­
actenstics as heat resi stance, dielectric strength, brilliant 
fimsh, excellent moldability, hi ghest dimensional stability 
at temperature extremes, and moisture resistance, make 
the more than 3 00 versatile Durez molding compounds 
of tremendous value to the imaginative design engineer . . .  
make them the natural starting point when you're looking 
for the plastic that fits your job. 

The phenolics are the most versatile of 
all plastics and, therefore, are the most 

INDUSTRIAL RESINS 

THEY SAI D IT COULDN'T BE DONE 
• . .  AND IT COULDN'T ! 

Durez laboratory technicians said that the strength of a 
Durez 1 2688 bond was such that even elephants couldn't 
pull it apart . . .  the wood would give way first. Subsequent 
tests (without the elephants) proved this to be absolutely 
true. In fact, a Durez 1 2 6 8 8  bond is virtually indestruc­
tIble. ThIS remarkable room-temperature resin adhesive 
produces bonds which are j ust as durable and water­
proof as those in hot-pressed plywood . . .  opens up many 
new markets of which laminated lumber, keels, and pr� 
fabricated housing are but a few. 

OIL SOLUBLE RESINS 

"­
HOW TO DO A DESK JOB • • •  24 TIMES FASTER ! 

Furniture which used to take three or four days for 
finishing can now be ready for packing and shipping in 
four hours if  Durez 50824 Liquid Resin is incorporated 
in your paint manufacturer's formulation. This amazing 
new resin typifies the continuing leadership of Durez 
oil soluble resins in the protective coatings field. 

widely u s e d  throughout industry. A s  of literally thousands of products . Their 
specialists in the production of phenolic services are available at all times to you 
plastics and resins for the past quarter and your custom molder. A new booklet authoritative information yo u've b e en 
century, Durez technicians have gained entitled II Plastics Primer II was . recently waiting for. Write for your free copy to-
the vast experience so necessary for giving completed by the Durez staff. Its pur- day. Absolutely no obligation, of course. 
competent guidance to the newcomer. pose is to inform today's over burdened Durez Plastics & Chemicals, Inc., 5 2 1 2  
This rich background i s  further enhanced executive of the basic facts about phenolic Walck Road, North Tonawanda, N. Y. 
by the fact that these men have actively plastics. You'l l  find it a brief, simple, Export Agents : Omni Products Corporation, 
participated in the successful development crystal-clear di gest filled with the kind of 40 East 34tb Street, ::New York 16, ::N. Y. 

P·LA5TIC5 THAT FIT THE JOB 
DECEMBER 1 945 SCI ENTI F IC  AMERICAN 341 



METALS I N  I N DUSTRY Cond ucted by FRED P. PETERS 

Two- i n -O n e  Ma te r i a l s 

Plat ing,  Hot  Dipping,  Powder Meta l l u rgy, I n sert ing,  a nd Cladding,  Of­

fer Virtua l ly  N ew Materia ls  With Desirable Properties for Many Specific 

Pu rposes . P last ics Plus Meta l s  and a N ew A l u m i n u m -Cast-to-Steel 

Process Open Many Fie lds of Appl ica tion H i therto U ndeveloped 

p ROGREss-technical and other-
wise-often comes from unex­

pected directions. The war de­
manded many · materials with special 
properties or combinations of char­
acteristics not previously available, 
and the natural approach was to de­
velop new alloys or improve the old 
to solve such problems. While sev­
eral new materials were born out 
of this stimulus, the answer in many 
cases was found in composite mate­
rials-combinations of two different 
metals, for example, in which the 
best properties pf each are utilized 
in a way not possible through alloy­
ing. 

The composite materials have 
opened up a vast new field for ma­
terials engineers and metallurgists 
and, indeed, the technique has j oined 
the more familiar alloying as a sec­
ond method of achieving needed ma­
terial characteristics for special 
applications. They are already being 

widely incorporated in the new 
peace-time products now being blue­
printed or manufactured. 

For such industrial products the 
two-in-one materials of greatest in­
terest are metals plated or coated 
with other metals, duplex powder­
metallurgy products, inserts of one 
material in another, composite me­
tallic-nonmetallic . materials, a wide 
range of clad-metal combinations, 
and bonded-assemblies of different 
metals, such as the AI-Fin cylinder 
barrels. 

Although not popularly consi d­
ered as composites, electro-plated or 
otherwise- coated met;;..ls are actually 
the oldest and most familiar of the 
duplex materials. A "tin" can, for 
example,  is made of sheet steel 
coated with tin ; the steel pro­
vides the mass-productibility, forma­
bility, and low cost required of can 
materials and the tin confers the 
necessary corrosion-resistance, non-

contaminating quality, and soldera­
bility. 

The double advantages of thin 
layers of one metal applied on an­
other are widely appreciated, so that 
the application possibilities for some 
of the newer developments of this 
type are broad indeed. For example, 
the recently developed aluminum­
coated steel sheet ( produced by hot 
dipping) combines the eorrosion- and 
heat-resistance, the reflectivity, and 
the appearance of aluminum with 
the cheapness and workability of 
steel, and may find uses in such 
diverse products as mufflers for in­
ternal combustion engines, oven and 
furnace linings, and firewalls in air­
planes. 

The reverse of this-the plating of 
other metals on aluminum-yields 
a product that features the light 
weight of aluminum with better 
surface wear or electrical-contact 
properties than those of the light 
metal. Thus gold and silver outer 
coatings are used where low contact 
resistance or high surface conduc­
tivity are required. Nickel and 
chromium may be employed to im.,. 
prove the wear resistance and tin or 
cadmium to facilitate soldering. 

Composite a luminum a n d  steel products made by the A I - F i n  process 
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Courtesy ReynoldS Metals Company 
Hot ro l l i ng  a s lab of c lad a l u m i n u m  a l loy mater ia l  

Electronic equipment, electrical ap­
pliances, and aircraft instrument 
components are among the applica­
tions expected to develop for this 
type of plated metal. 

Similarly the development of 
high-speed continuous zinc electro­
plating on steel promises a new, In­
expensive duplex material for many 
purposes, such as automotive and 
radio-set stampings and general 
hardware-all of which will require 
the workability and built-in coat­
ing-adhesion of such pre-plated 
steel. 

B U I LT- I N  D U P L I C I TY - Certain 
types of powder metallurgy parts 
are shining examples of built- in du­
plicity. Electrical contacts, in which 
copper and tungsten particles are 
unalloyed partners within the met­
al's structure, possess the conduc­
tivity of the copper and the hard­
ness and arc-resistance of the 
tungsten. 

The same principle applied to dis': 
crete aggregates of other dissimilar 
materials is being used to make 
bearings, friction plates, and arma­
ture brushes with one wear-resist­
ing and one lubricating constituent ; 
it will doubtless be expanded to give 
us light-weight aluminum aircraft 
bearings ; thermal insulating refrac­
tory parts with the built-in extra 
strength of dispersed metal pow­
ders ; and molded plastics products 
containing enough admixed metal 

powder to provide a metallic sheen 
or semi-luster for ornamental uses 
or to increase the strength of in­
sulating parts for dielectric applica­
tions. 

The possibility of using inserts of 
one material cast or molded into an­
other has not received the attention 
it deserves. Steel pins in nonferrous 
castings and brass threaded studs in 
plastics moldings are familiar, but 
the opportunities for new combina­
tions of built- in properties can go 
much farther than these. 

For example, die castings in zinc, 
aluminum, and magnesium can be 
produced with cast-in or anchored 
steel springs, with brass bushings 
for bolts or bearing uses, with 
bronze strengtheners for extra­
load-bearing, or with insulating 
plastics for localized insulation in an 
electrical part. Such applications, if 
more widely used, would bring the 
fast-production and close-tolerance 
advantages of die casting to indus­
tries like machinery building, auto ­
motive engine manufacturing, and 
railway equipment production whose 
highest mechanical strength re­
quirements have often led them to 
avoid the use of die castings for 
structural parts. 

The combination's of metals and 
nonmetallic materials that are now 
available provide one of the most 
fertile fields for modern designers, 
especially in architectural and 
building products, in furniture and 
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consumer durable goods, in boats, 
and, of course, in aircraft. The auto­
motive industry has long made suc­
cessful use of plastics-metal com­
posites, as in many modern dash­
boards. 

Several engineers are sure that 
laminated products-a light non­
metallic material in thick section 
combined with a strong alloy in thin 
section-may provide the combina­
tion of light weight, strength, and 
general rigidity needed in many 
fields. An interesting recent devel­
opment of this type is a combined 
wood-and-aluminum sheet which 
possesses strength, lightness, rigid­
ity and eye-appeal as well as resist­
ance to fire, termites, and seasonal 
temperature changes. These quali­
ties will make the material especial­
ly attractive for post-war buildings, 
railway cars, buses, and private air­
planes. [ Other metal-nonmetallic 
composites have been described in 
recent articles on plastics in April, 
and on glass in September, Scien­
tific American.]  

M ETA L  O N  M ETAL-The clad met­
als represent today the largest two­
in-one material tonnage produced 
and offer the greatest opportunity 
for exploitation by designers. The 
Alclad aluminum alloys and stain­
less-clad steels, for example, are 
already well-established products 
with great potentialities. 

The pure-aluminum-clad alloys 
were developed to provide a sheet 
material for airplane construction 
that would have the strength of the 
underlying age-hardening alum­
inum alloy with the corrosion re­
sistance of the pure aluminum sur­
face. The recent improvements in 
both underlying strength and sur­
face (fatigue) strength inherent in 
such new and stronger combinations 
as Alcoa's Alclad 75 S and Reynold's 
R 301 and R 303 have now broad­
ened the market for the clad alum­
inum alloys to include all types of 
transportation equipment and home 
appliances as well. 

Stainless-clad steel is today the 
fair-haired boy of the duplex ma­
terials field, with the possibility 
ahead that it may reach production 
tonnages near those of straight 
stainless a few years ago. The stain­
less clad steels are made by a va­
viety of processes but in their final 
form they are all sheet or strip ma­
terial consisting of a thin layer of 
stainless steel permanently bonded 
to a heavier base of ordinary steel. 

This combination in effect offers 
the corrosion resistance of stainless 
steel in a much cheaper material. 
In addition, the clad material has 
better fatigue strength than ordinary 
steel. It can be fabricated by the 
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welding, cutting, and forming proc­
esses suitable for stainless steel. 
Originally developed for applica­
tions in the chemical process indus­
tries, the stainless-cl�d steels are 
reaching out for structural uses as 
well and are sure to find employment 
ultimately in building construction, 
automotive components, and rail­
way equipment as well as widely 
increased use in the chemicals, oil 
refining, rubber, paper-processing, 
and related fields. 

Similar to stainless-clad but more 
specific in their serviceability are 
nickel-clad, Inconel-clad, copper­
clad and even admiralty-metal-clad 
steels. These are mostly designed 
for and will be ultimately used in 
chemical processing. One manufac­
turer has brought out a line of du­
plex tubes that are simultaneously 
good for two corrosive environments 
-one on the inside of the tube and 
the other on the outside. 

CAST COM POS I T E  - One of the 
most significant of recent develop­
ments in the composite materials 
field is the AI-Fin process in which 
aluminum or an aluminum · alloy is 
integrally j oined to steel, iron, or 
other base metals by casting the 
light metal in the usual manner 
ag�inst a specially prepared steel or 
other surface. This particular com­
bina,tion combines the heat-dissipat­
ing ability, light weight, conductiv­
ity, and corrosion resistance of the 
aluminum alloy with the strength 
anp hardness of the ferrous metal. 

Developed originally for airplane 
cylinder barrels (the aluminum 
muff and fin structure removes the 
heat from the steel barrel around 
which it is cast) the AI-Fin process 
and product can rely on other ad­
vantages (for example, the excellent 
high-temperature oxidation resist­
ance of aluminum and its good bear­
ing properties) to make them suit­
able for such diversified uses as 
radio transmission power tubes, air­
plane exhaust stack heat exchang­
ers, bearings, and composite gears. 

Indeed it has been characteristic 
of the two-in-one materials that the 
purposes for which they were orig­
inally devised in each case have 
been "only the beginning," and they 
have gone on to many new applica­
tions in fields undreamed of by their 
original developer. 

WELD I N G  D I STORT I O N  

Can Be Cured by 
Finding Causes 

WELDING will play an important 
role in America's industrial future 
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as a means of fast production and in 
making possible the streamline de­
signs that engineers are proj ecting 
for many consumer and industrial 
goods of tomorrow, says Charles H. 
Jennings, welding authority with 
the Westinghouse Research Labora­
tories. This engineer terms distor­
tion as one of the maj or problems 
of welding. He explains that the 
heating and cooling of the metal 
within the area being welded, and 
the contraction of the filler metal 
during the cooling period cause the 
fabricated structure to shrink or 
warp. 

"However," Mr. Jennings contin­
ues, "by properly studying the fun­
damental factors producing distor­
tion and applying corrective meas­
ures-such as clamping the parts in 
fixtures during welding, pre-distort­
ing the parts to compensate for ex­
pected distortion, or developing 
special welding techniques-distor­
tion can often be held to a very 
low point or entirely eliminated. 

COPPER tU B I N G  
I s  Finding Increased 
Use in Factories 

T HE FAMILIAR advantages of copper 
or brass tubing that have led to its 
use for house water lines are begin­
ning to be recognized by plant men 
and engineers and should lead to its 
increasing use for water, air, oil, and 
hydraulic lines for factories. 

For industrial water lines, copper 
tubing with solder-joint fittings not 
only outlasts rustable piping several 
times but also is lighter in overall 
weight and more convenient to in­
stall. 

WELD I N G  HAZARDS 
Proved to Be 
Largely Mythical 

ARC WELDING is the victim of more 
unj ust or exaggerated charges of 
danger to health or safety than any 
other metal-working operation, and 
a recent investigation has scientifi­
cally laid many of them to rest. 

Thus it is d�finitely untrue that 
most arc-welding equipment gives 
off "mystery" radiations that may 
cause sterility or other strange ail­
ments. At General Electric's Schen­
ectady plant, welding operators have 
carried pieces of photographic film 
around in their clothing for weeks 
at a time without any evidence of 
X-ray-like radiation appearing. 

Again, a survey of four manu­
facturers using arc welding showed 
that they employed a total of 14,475 
industrial workers and suffered a 
total of 13 fatalities in one year, or 
an average of one death per 1100 
workers. Included in these totals 

were 1125 arc welders, among whom 
there was one fatality. 

Obviously, the electrical shock 
hazard in arc welding is no greater 
than the normal hazard in industrial 
work in general. 

MAG N ES I U M  ALLOYS 
Are Not Potential 
Fire Hazards 

T HE GREATEST factor curtailing the 
wider application of magensium al­
loys has been the common misap­
prehension that these alloys are in,.. 
flammable. 

. 

This ghost has been scientifically 
laid to rest by Louis A. Carapella 
and Wm. E. Shaw, of Mellon Insti­
tute, who conducted tests on a num­
ber of magnesium alloys to ascer­
tain their · behavior on direct ex­
posure to fire. It was demonstrated 
beyond question that solid mag­
nesium alloys do not burn. 

Melting must occur before burn­
ing can take place, which means 
that ignition cannot possibly occur 
until the metal reaches tempera­
tures from 840 to 1500 degrees, Fah­
renheit. Massiv� magnesium does 
not reach such temperatures easily, 
either, because of the relatively high 
heat conductivity of the alloys. Fur­
thermore, burning need not occur 
even when handling the molten 
metal, for with simple precautions 
alloy-making, metal-refining, pour­
ing, casting, and welding are widely 
performed without trouble. 

PO ROU S C H RO M E  
I s  Successful i n  Prolonging 
Life of Engine Cylinders 

AN EXAMPLE of how successful por­
ous chromium plating can be in 
lengthening the operating life of 
engine cylinders to which it is ap­
plied has recently been reported. 

A merchant ship whose main 
Diesel-engine cylinders were porous 
chromium plated ran for five years 
and traveled 300,000 miles before 
the chromium had worn enough to 
require reprocessing. At one time 
the engine was submerged in sea­
water 14 days before the ship could 
be salvaged. 

Porous chromium plate differs 
from the usual chromium plate in 
that its surface is covered with tiny 
pits or small channels which effec­
tively retain lubricating oil. While 
its use is steadily increasing on ship 
Diesel piston rings and cylinders, 
this . type of plating has operating 
advantages that are also of special 
interest to makers and users of auto, 
truck, and railway engine cylinders 
as well as for cylinder surfaces in 
hydraulic equipment, pumps, and 
so on. 
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rmor"for steel can 

mi l l ions each yea r ? 

Y
EAR AFTER YEAR-in war or peace-America 
pays a colossal toll in dollars to a foe as unre­

lenting as any ever known. 

It is the enemy rust, that attacks and destroys 
things made of steel. But now a remarkable new dis­

covery can bring you steel products that will defy 
rust up to 4 times longer . . .  Hardware, screens, 

fencing, automobiles, traCtors, dozens of important 
items that will outlast any you've ever owned by as 

much as 4 to I !  
This remarkable discovery is CORRONIZING, the 

patented alloy "armor" that gives steel a new 
lease on life. Yes, CORRONIZING is new . . .  but 

also thoroughly tested and proved. For CORRO-
NIZING has demonstrated its overwhelming superi­

ority in the war, under the worst possible conditions 
on land, at sea and in the air. 

By test and performance, CORRONIZING FAR 
OUTLASTS OTHER PROTECTIVE COATINGS FOR 

STEEL. Now, the more progressive factories and 
retailers will be able to bring you products made 
of "Corronized" steel. Motor car makers-always 

leaders-will be among the first to offer you this 
sensational advantage. 

Remember that name-CORRONIZING. It can 
save you and millions of other Americans a huge 

tax bill now needlessly paid to the enemy rust. 

Sta nda rd Steel Spring Co. 
O R I G I N AT O R S  O F  

C O R R O N IZI N G  

Quick Facts for 
Manufacturing and Sales Executives 

Do not confuse CORRONIZING with other metal coatings. 

This patented process provides a permanent alloy " armor'" 
with 5 layers of defense against corrosion! It becomes part 

of the steel base . . .  can be worked in any manner. Permits 
using lighter materials by prolonging steel's period of great­

est strength. Write for samples and complete information. 

S T A N D A R D  S T E E L  S P R I N G  C O M P A N Y  
C O R AO P O L I S, P E N N S Y LVA N I A 
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C H EM I STRY I N  I N D U STRY Conducted by D.  H. K ILLEFFER 

Resea rc h Fo r S m a l l  
A Little Resea rch i n to Effective Mea ns of U ti l iz ing Resea rch Revea l s  

that S m a l l  B usi nesses Ca n P u t  Them selves on a Pa r W i t h  B ig Bus iness 

By Making U se o(�va i lab le  Fac i l i ties.  Government  Resea rch Must Bene­

f it  A l l  a nd Hence Must  Fa i l  i n  at  Least One of its  Avowed Purposes 

As THE story of

,

industrial prog­
ress during the war years is 

gradually uncovered, tremendous 
forward strides are revealed. Basi­
cally, this progress has depended on 
the development to commercial use­
fulness of scientific research for a 
long period preceding the war. This 
again emphasizes research as the 
stuff of -all progress ; that industry 
must build on science. As has been 
truly said, man has come to live in 
a fourth kingdom, a synthetic king­
dom, cognate with the animal, vege­
table, and mineral kingdoms of his 
childhood. This synthetic kingdom 
is clearly a creature of research, of 
science put to work, of the abstruse 
concepts of science materialized in­
to the work-a-day things of modern 
living. 

No longer is it possible for any 
business or industry to ignore 
science. Research has of necessity 
become an integral part of all civili­
·zation. There can no longer be any 
argument about its value. The only 
question that can now properly 
arise concerns the types of research 
appropriate to a particular enter­
prise and when and how these. may 
be obtained. 

Research-in the chemical field or 
elsewhere-is the method of discov­
ery and invention. It stands out as 

Courtesy Food Research Laboratories, Inc. 

a dominant force in war. It is equally 
vital, though less spectacular, in 
peace. Its immense value has been 
stressed and explained to greater 
and greater numbers of people 
through extraordinary research 
achievements of the past five years. 
Quite naturally it has attracted 
political attention and pressure has 
been applied to put our paternalistic 
government into the business of sup­
plying research facilities to those 
who presumably cannot afford it for 
themselves. The idea is to help the 
small business man by providing 
research for him, at taxpayers' ex­
pense, thus giving him an advantage 
comparable with that enj oyed by 
big business. That is a perfectly 
good idea and a laudable obj ective, 
but it can only be made to work by 
observing and considering the pe­
culiarities of research itself. 

Considering the significance of 
the place research occupies in the 
world, it is amazing how little is 
actually known about it by other­
wise well informed business execu­
tives. Where to go to get research 
for one's business needs, what types 
of research one should engage in, 
and even what research is ; these 
and like questions apparently vex 
many intelligent business execu­
tives and impede their progress 

The chemist  in the  
resea rch 

laboratory of 
today seldom sta nds  

a t  a w i ndow 
peer ing through 

a test  tube .  
More often he  i s  

f o u n d  a t  a 
table such as 

th i s  one,  
mak ing  use of 

photoelectr ic and other 
precis ion equ ipment  

B u s i n ess  

Courtesy United Btates Testing Lnboratory 
M a ter ia l s  testi ng  

toward that Utopia which research 
is expected to open to business and 
industry. 

It will be worth while to look into 
the whole subj ect because of the 
danger, already apparent, that re­
search may become a political issue. 
Not that a thinking person can be 
of two minds as to its fundamental 
value, but rather that handling of 
the mechanics of research in the 
customary political manner is sure 
to entangle the main proposal with 
useless and complicating appendages 
having little or no relation to the 
main theme. It even seems likely 
that the anticipated benefits may 
become lost in the tangles of red 
tape. Therefore it behooves think­
ing persons to become familiar with 
the subj ect in order to be able in­
telligently to decide the issues like­
ly to require decision soon. 

RESEARC H D E F I N ED-Research re­
sembles food which must undergo 
subtle changes within our bodies 
before it can be absorbed and be­
come an actual part of us. The pangs 
and perils of overloaded digestions 
are common experiences. And it is 
scarcely necessary to emphasize that 
all foods are not equally suited to 
all digestions. Picture a rabbit wolf­
ing a beefsteak, for instance, or a 
lion nibbling a lettuce leaf ! Re­
search, which, is a mental process 
and deals with ideas, is like that. 
Too much research, particularly too 
much successful research at one 
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time, can bankrupt a company quite 
as surely as too little. It is also true 
of research that to be useful it must 
be directed toward ends compatible 
with the abilities and aims of its ex­
pected beneficiaries. 

We must recognize as types of re­
search both the search for new 
knowledge for its own sake alone 
that characterizes the purest of re­
search and the extremely valuable 
application of acquired knowledge 
to new situations and combinations. 
These are distinguished by the new­
ness of the knowledge acquired and 
by the novelty of its applications 
from the repetitious and more or 
less mechanical operations of testing 
and analyzing products. The scien­
tific speculations, experiments, and 
observations which led up to the 
idea that vast amounts of energy 
could be released from atoms by 
bombardment with neutrons clearly 
belongs to the first phase of research. 
The second phase is equally well il­
lustrated by the development of 
methods, mechanisms, and materials 
to ' apply this basic principle to a 
military weapon. During the course 
of both phases of this incomparably 
important research almost countless 
numbers of more or less routine 
analyses and tests had to be made 
in collecting information necessary, 
but subsidiary, to the main obj ec­
tives. This last belongs in a category 
that may at one time be definite­
ly research and at another quite 
as definitely outside of that class. 
The distinction is based on the pur­
pose for which the tests are con­
ducted. 

For present purposes, then, re­
search is the search for new knowl­
edge, facts, and combinations in 
whatever field and for whatever 
purpose. Physical entities alone are 
the concern and hence researches 
are conducted by the experimental 
method of the physical sciences. That 
greatly narrows the definition but 
it still covers an immensely wide 
territory, excluding only certain ac­
tivities sometimes falsely called re­
search which are simple searches 
for information known already to 
exist. 

" FOC U S I N G" RESEARC H-While it 
is obviously true that no research is 
worthy of the name whose result 
can be known in advance, yet it is 
always necessary to direct and con­
trol the progress of an investigation 
so as to bring its probable result 
within a limited area. In other 
words, it is possible, as well as neces­
sary, to "focus" research. This is an 
essential of fruitful research. Where­
as it is entirely proper for an aca­
demic group in a university alone to 
pursue a search for knowledge for 

its own sake alone, without serious 
thought as to its possible economic 
value, this is quite out of the ques­
tion for most commercial enter­
prises. Such abstract research may 
also be conducted by government 
agencies. 

Endowment of such pure research 
is sometimes provided by the earn­
ings of industry and certainly in­
dustry can sometimes profit by such 
investigations, but only in rare cir­
cumstances can industry itself afford 
to carry on such excursions into 
knowledge for its own sake. Notable 
exceptions were the researches of 
Irving Langmuir and others in the 
laboratories of the General Electric 
Company into atomic structures, 
high vacuums, surface chemistry, and 
related matters which ultimately 
materialized in tremendous econo­
mies in electric lighting, among other 
benefits. 

Very few corporate groups are 
able to engage directly in such pure 
researches because of lack of focus 
on specific problems. Hence, most 
businesses confine their efforts more 
particularly to what may be called 
the next circle of research. Leaving 
such purely theoretical investiga­
tions to the universities and other 
purely academic groups-defined as 

' unconcerned with economics-the 
usual business research accepts the 
findings of the academic groups and 

Below : Precis ion equ ipment  in a mod­
ern laboratory. R ight : Us ing  a n  im­
pact  test ing  dev ice  o n  a g lass bowl 
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applies them to specific problems 
either existing or likely to arise 
through expansion. The research 
group may be part of the organiza­
tion, the common situation with big 
business, or it may be a specialized 
group employed for this sole purpose 
but maintaining a quite independent 
existence. 

GOV E R N M E N T  RESEARC H ?  
Those who would provide research 
for small business at taxpayers' 
expense overlook several essen­
tial aspects Of the general problem. 
While the objective is to put little 
business on a competitive par with 
big business, merely providing the 
results of government research can­
not affect the competitive situation. 
Proponents of the plan overlook the 
fact that no governmental activity 
can, by its very nature, confer a 
competitive advantage on any group 
but must, on the contrary, be equally 
available to all-big and little alike. 
This basic fact requires that any 
governmental research be conducted 
primarily on the plane of pure 
theory-designated as academic re­
search since it must ignore economic 
considerations. In other words, the 
research that can be conducted by 
governmental agencies requires that 
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the beneficiary be able to adapt its 
findings to his own problems. 

This is an important requirement 
and one that cannot be ignored. 
The mere application of economic 
considerations to the findings of 
academic research makes a vast dif­
ference in both its value and its 
cost. Redman, past president of the 
American Chemical Society, inves­
tigated the relative costs of re­
searches and their applications some 
time ago and found that the cost 

Courtesy United States Testing Laboratory. Inc. 
Checking strength of cloth 

of applying the research was roughly 
ten times the original cost of the 
research. In other words, govern­
ment research will on the average 
cost the beneficiary some ten times 
Its own cost after he has applied 
it to his operations before he begins 
to draw profits from it. 

All this · applies to the broadest 
view of research and neglects an­
other vital aspect of the problem, 
mentioned above--the focus of re­
search. A small business necessarily 
has problems, as does a big business, 
but they are usually of a different 
nature and certainly of a different 
order of magnitude. Even given the 
research organization and activity 
of a big business, a little man would 
surely find himself bankrupted in 
attempting to utilize it. On the 
other hand, the small business can 
profit substantially from researches 
planned for him and directed at his 
particular problems. 

To illustrate : The researches on 
atomic fission, mentioned above as 
leading to the atomic bomb, can have 
no more than a most casual interest 
for any but the largest business 
groups. On the other hand, as parts 
of this stupendous proj ect, numbers 
of subsidiary researches could prop­
erly interest even small businesses. 
A number of chemical elements and 
their compounds, not otherwise 
common, are required in certain 
kinds, purities, and quantities in 
some of the operations connected 
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with the production of the bomb. 
Researches on these subj ects ulti­
mately led to methods that could be 
applied on reasonable scales by 
companies in the smaller ranges of 
big business. Numerous other sub­
sidiary projects suitable for small 
business have resulted from the 
prosecution of other maj or cam­
paigns on larger obj ectives. The 
growth of a small company making 
the instruments developed and 
needed by a large research organi­
zation is quite typical of this kind 
of thing. 

CONV E RT I N G  I D EAS - The essen­
tial point is that the small business 
must be in a position, within its 
available means, to convert the ideas 
developed by its research into 
profitable activity. This aspect of 
research seems neglected by the 
busy planners who would use tax­
papers' money to create research 
facilities to put small business on a 
par with big business already or­
ganized to conduct its own research. 
Clearly, the competitive advantage 
which each small business ( or large 
one) seeks through research can 
only be gained by the exercise of 
private enterprise which will center 
its attention on an attainable obj ec­
tive and which will further hold the 
results obtained in a satisfactorily 
confidential status. 

Small business needs a certain 
guidance in this matter which has 

D I STI LLER'S G RA I N S  
Waste Contains 
Many Nutriments 

ALcoHoL distillers use only the 
starch of the grain ; the waste con­
tains the original protein, fat, and 
vitamins of the grain, plus any addi­
tions, particularly vitamins, made 
by the growing yeast. This aspect 
of the alcohol industry has lately 
been emphasized by distillers in an 
effort to obtain more leniency in 
the war-imposed restrictions on 
their operations and raw materials. 
One pound of corn distillers' dried 
grains will replace 3.7 pounds of 
corn in balancing the ration of beef 
animals. The high protein content 
of the recovered grain is important. 

CA B L E  S PEED 

Increased by Use of 
Polythene Plastics 

HIGHER speed transmission is re­
ported for submarine cables in 
which the customary gutta-percha 
insulation is replaced by the new 

been lately supplied by Maj or W. P. 
Putnam, President of the American 
Council of Commercial Laboratories. 
Maj or Putnam, himself head of an 
important laboratory, points out 
that it is quite possible, and highly 
advantageous, for a small business 
to entrust its problems that can be 
solved by research methods to high­
ly skilled scientists in well equipped 
independent commercial laborator­
ies. Furthermore, the extent of any 
research can be established in the 
beginning . so that the business man 
can limit his expenditure to any 
amount that may seem to him de­
sirable, whether it be a hundred 
dollars or a thousand or many times 
that amount. 

Frequently, too, the need of the 
small business may not involve re­
search as it has been defined, but 
rather may be the simple and direct 
application of known principles of 
science or engineering to solve a 
given problem. The wide experience 
available in America's independent 
consulting laboratories also provides 
this kind of service at the lowest 
reasonable cost to the client. 

In these independent laboratories, 
themselves small businesses, already 
exist research organizations for 
other small businesses far more ef­
fective for their purpose in a com­
petitive world than government re­
search could be. Obviously, small 
business has an important asset here 
that must be recognized. 

polythene plastics developed during 
the war. British cable operating 
companies are said to be actively 
prosecuting the development of the 
new insulation for this purpose. 
Plants for producing polythene 
plastics are being expanded in the 
United States. 

CAN N E D  A R M S  
Are Involved in 
Huge Protection Project 

W HAT IS probably the largest can­
ning proj ect ever undertaken is 
being carried out by the Ordnance 
Department of the United States 
Army. The purpose is to preserve 
the guns, instruments, and other in­
tricate units made for the late war 
against any possible future need. 
Many types of drums, specially con­
structed containers, and plastics 
layers are under investigation or 
in use. The obj ective is to prevent 
access of air, moisture, light, and 
other possibly destructive agencies 
that might damage expensive prod­
ucts. 
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E L ECTRO N ICS  Cond ucted by KEITH H E N N EY 

Eco n o m i cs of E l ec t ro n i cs 

Much of the Enthusiastic but  Misg u ided Pub l ic i ty Given to E lec tron ics 

May Prove a Boomera ng to Accepta nce of Rea l ly Worthwhi le  Develop­

ments .  U ses of E lectron ics, Espec ia l ly  in Man ufactur ing Techn iques, a re 

Almost  U n l i m i ted, b u t  Requ i re .ca refu l a nd Responsible Development  

B y  J O H N  MARKUS 
Associate EdjLor. Electronics 

AMONG recent additions to the 
long parade of electronic in­

ventions is an electronic rat trap 
that operates when a rat passing 
through an open tunnel cuts an in­
visible ray beamed on a phototube. 
Electro-magnetic latches, energized 
by a photoelectric amplifier, drop 
trap doors at both ends of the tun­
nel. The bewildered rat, seeing light 
only above him, goes up a ramp 
to a small chamber where he steps 
on a switch plate. This turns on a 
current that electrocutes him. 

The rat trap j ust described would 
undoubtedly catch rats, and might 
also be technically satisfactory, but 
it is certainly not a good idea from 
an economic standpoint because 
such a device would cost way over 

ten dollars, even in mass production, 
and good rat traps can be bought to­
day for a dime apiece. Electron 
tubes can and do accomplish won­
derful things, but the electronic in­
dustry cannot exist on the glamour 
or publicity value of the j ob it is 
intended to do. 

During war-time the manufac­
turers of munitions and ordnance 
devices knew that their tremendous 
volume of business was due solely 
to war demands. The same was true 
of the aircraft manufacturers. Far 
too many electronic manufacturers 
are hoping, however, that somehow 
or other the huge war-time demand 
for electronic equipment will be 
converted into nearly the same vol­
ume of peace-time electronic busi-
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An exce l lent  example of a n  economi­
cal ly  sou n d  electronic appl ication is 
this West inghouse photoelectric safe­
ty system that prevents the meta l ­
cutt ing shears from descending when 
workmen's fingers a re i n  blade's path 

ness, possibly on the much-pub­
licized premise that we have entered 
the new era of electronics. 

What the layman sometimes for­
gets is that military electronic re­
quirements were necessarily inflated 
far beyond that of corresponding 
peace-time requirements. The useful 
life of electronic equipment in war­
time is necessarily much shorter 
than its obsolescence life in normal 
use, .due to vibration and concussion 
in combat and rough handling dur­
ing transit and storage in all corners 
of the globe. Commercial electrical 
equipment is capitalized on a basis 
of 10 to 20 years, whereas the life 
expectation of radio equipment in 
war-time is probably more like 10 
to 20 months, if not weeks. 

A second factor in the war-time 
electronics picture is the large num­
ber of spare parts that were manu-

Electron ic  t iming and control a re com­
bined i n  th is  Genera l  Electric heat­
treatment  equ ipment  for surfaee chard­
en ing  gea rs. All the operator has to 
d o  is  handle gears and press buttons 
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piece of military 
electronic equipment. Tanks, planes, 
and ships had to be used and ser­
viced in huge numbers in hundreds 
of widely scattered localities. There­
fore, spare parts were produced and 
distributed so they would be avail­
able when and where needed, in a 
ratio far exceeding that required for 
normal or peace-time electronic de­
vices. 

SALES A P P EAL-The glamour at­
tached to electronics unquestion­
ably adds to the sales appeal of a 
product. This is due to the blaze of 
publicity that electronics has re­
ceived and because of its winning 
role in the war. Unfortunately, 
however, electronics has been over­
publicized. The marketing of elec­
tronic devices that are either invol­
untary or deliberate fakes,  doing a 
j ob no better than cheaper mechani­
cal or electrical equivalent products, 
will harm and discredit the elec­
tronic industry. For the industry to 
prosper, its products must possess 
definite advantages in greater effi­
ciency of operation or must do things 
that have never been done before. 

Electronic heating, as an example, 
meets both requirements. It heats 
and dries materials faster and more 
uniformly than older steam, gas, or 
electric methods and it has a high 
score of never-done-before achieve­
ments. Here the future is legitimate­
ly bright, and every alert business­
man should investigate the possi­
bility of applying this war-time­
mushroomed electronic technique to 
improving his own products. The 
extent of industrial electronic heat­
ing today is clearly shown by a re­
port of a recent survey which lists 
over 125 different models of induc-
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tion and dielectric h�ating equip­
ment made as standard packaged 
units by 15 different manufacturers, 
and still more firms offering custom­
built units for special applications. 

Applications for high-frequency 
heating are divided into two distinct 
groups : ( 1 )  induction heating units 
for melting, hardening, brazing, 
soldering, and heat treatment of 
metallic and conducting materials, 
and (2) dielectric heating units for 
heating, dehydrating, sterilization, 
or cooking of non-conducting mate­
rials such as tobacco, wood products, 
food, cereals, and other agricultural 
products. 

Electronic heating is expensive, 
though-even more than electric 
heating-because the tubes that 
convert the ordinary 60-cycle power 
into high-frequency power are ex­
pensive and are not 100-percent ef­
ficient. Here, as in every other elec­
tronic application, the initial cost, 
power cost, and maintenance cost 
must be compared to similar costs 
of other methods and the result, bal­
anced against the advantages of 
electronics before making a deci­
sion. 

Reacting almost instantly to a 
change of condition is another role 
in which electronics shines, and this 
characteristic of vacuum tubes lends 
itself admirably to electronic control 
of machinery and processes. 

FASTER AN D B ETTER-Welding 
timers were the first large-scale and 
exceedingly successful industrial 
application of fast-responding elec­
tronic control circuits. The task of 
the welding timer consists of deliv­
ering to the welder transformer 
powers running into hundreds of 
kilowatts but only for a short period 

The e lectron ic  mar imba 
( left )  is i n teresting 

but  not a good 
bet econom ica l ly .  On 

the other hand,  
electronic motor  con ­

trols ( be low )  
speed up  operat ions 

a n d  exempl ify 
good e n g i neer ing 

practice 

of time. Electronic timing is indi­
cated because it is extremely diffi­
cult to devise mechanical or electro­
mechanical timers to handle the 
large current with sufficient accu­
racy and without rapid deterioration 
of contacts. 

Another important advantage of 
electronic control is high sensitivity 
combined with the ability to do 
useful work such as operating re­
lays. A fine galvanometer can move 
a pointer or deflect a light beam 
up the scale, but nothing more. If 
the power for a furnace is to be 
started or stopped as directed by the 
galvanometer deflection, the posi­
tion of the galvanometer pointer 
must be translated into the desired 
action. 

The modern link between a gal­
vanometer pointer and a contactor 
or an electric motor is an electronic 
device that is controlled by the gal­
vanometer and yet adds no load to 
the galvanometer. Photoelectric 
systems are often used for this pur­
pose. 

The third advantage of electronic 
control is its suitability for remote 
control. Electronic links can be op-
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era ted over almost any desired dis­
tance with conventional wiring, and 
now even radio links can be used. 
Thus, the readings of the altimeter 
and other instruments in a pilotless 
plane can be transmitted to duplicate 
instruments on the ground by radio 
and read there. 

One other maj or point of supe­
riority is the flexibility of control 
design. The variety of tubes and 
other circuit elements available is 
almost as great as the number of 
combinations in a chess game, so the 
electronic control can be given al­
most any characteristics. It can be 
fast, or time delays may be readily 
incorporated. It can be rugged and 
sensitive at the same time. 

Electronic control of D.C. motors 
is a major industrial application of 
electronics. In response to elec­
tronic, electrical, or mechanical 
monitoring devices, tubes can regu­
late or change the speed of the motor 
in the required manner. 

D E L I CATE S EN S I N G  - Electronic 
links have been extremely useful in 
stopping or starting some or all op­
erations on high-speed machines 
where mechanical methods become 
awkward or impossible. If, for ex­
ample, a delicate sensing device is 
needed to start, stop, or control 
heavy equipment, an electronic link 
will probably do the job better than 
anything else. An electronic device 
may, for instance, be designed to 
follow up the movement of an in­
strument pointer and perform al­
most any control function, either 
near the instrument or miles away 
from it. One interesting application 
is to the automatic cutting torch, 
which reproduces the pattern of a 
template without touching it. 

Electronic devices for the inspec­
tion of metals for uniformity, sound­
ness, and size are in use in many 
places. Devices of this type may 
reveal cracks, slag inclusions, voids, 
changes in chemical composition, re­
sults of faulty heat treatment, and 
under- or over-size. The devices are 
nondestructive and very fast. Old 
style tests sometimes destroy or mar 
the test pieces and are much slower, 
so here electronic techniques are 
advantageous. 

Many electronic devices sold to 
industry have ended in the factory 
morgue or curio cabinet after a six­
weeks trial. Such devices were too 
difficult to use, or required too much 
supervision and maintenance. 

Reliability is essential for indus­
trial use. A 10 percent variation in 
the output of a radio receiver over 
a period of time will be barely no­
ticeable, infrequent clicks being 
ascribed to static, but such varia­
tions in industrial devices might 

cause spoiled products or even loss 
of life. 

This does not mean that elec­
tronic devices are less reliable than 
their mechanical and electrical 
brethren. It means only that elec­
tronic devices require more in­
genuity and meticulous care in de­
sign before they are manufactured 
and � released for use. 

Truly, industrial electronics is as 
replete WIth opportunIties as it is 
beset with traps for the unwary. 
Anyone who looks i�to a ' crystal 
ball and sees electronics dOini f most 
of the work in the homes and fac­
tories of the future should have an­
other crystal ball handy, into which 
he could peer and determine the 
date when these marvelous devel­
opments will become a�ailable to 
customers. 

M I L L I S E CO N D  T I M E R  
Can Be Used for Test and 
Experimental Applications 

OPERATING on momentary impulses 
of extremely short duration, a new 
millisecond timer is designed for 
use in factory test departments and 
experimental laboratories. Among 
its industrial applications are the 
measurement of pull-in and drop­
out timing of high-speed circuit 
breakers and relays, and timing of 
other high-speed operations. 

The complete timer assembly 
comprises a millisecond timer move­
ment and an electronic control chas­
sis. The timer movement is driven 
by a 115-volt, 60-cycle synchronous 
motor of the high-speed shaded­
pole synchronous type. The move­
ment drives two hands over a dial 
that is calibrated in units of 0.0002 
second and totalizes to six seconds 
before repeating. The faster hand 
is driven at a speed of 600 rpm. The 
timer movement is capable of re­
setting the hands to zero from any 
position by the manual operation of 
a reset lever or knob. The unit is 
made by Standard Electric Time 
Company. 

STYREN E PATTE RNS 
Removed From 
Molds by Melting 

CENTRIFUGAL casting of intricate 
steel parts produces accurate cast­
ings requiring no machining. One 
of the major problems, however, is 
that of getting the patterns out of 
the sand mold without dislodging 
sand and thereby destroying the 
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fine details of the casting. In the re­
cently developed electronic solution 
to this perplexing problem, a heavy 
sheet-metal cylinder serves to en­
close the molding sand, and a poly­
styrene pattern is used instead of 
wood. The styrene is melted out by 
induction electronic heating applied 
to the metal cylinder, after which 

I nduct ion electron ic  heat ing  speeds 
up melt ing  of  polystyrene patte rns  

the molten metal is inj ected into the 
cavity by centrifugal force. 

A slow rate of heat of the styrene 
pattern is required at the start to 
prevent excessive moisture and al­
cohol in the sand mix from explod­
ing the mold. On one set of samples, 
submitted to Commonwealth Edison 
Company engineers, the ideal 
seemed to be four one-minute cycles 
separated by one-minute intervals. 
The method formerly used required 
from 1 % to 1% hours to melt out the 
styrene. 

BALL SORTER 

Employs Electronics for 
Extreme Accuracy 

HIGHLY polished steel balls, all 
within 1/20,000 of an inch of the 
same size, are sorted into groups of 
as many as ten size selections auto­
matically by an electronic gage de-

Steel balls from the hopper rol l  down 
the inc l ine;  metal  f ingers  in  vacuum 
tube c i rcu i ts so r t  them a u tomatica l ly 

veloped by Jack and Heintz, Inc. The 
balls in any

' 
one group then differ 

in diameter by only ten millionths of 
an inch, a precision more than ade­
quate for the finest ball bearings. 
One operator can handle four ma­
chines easily, and these will sort 
more balls than 32 skilled operators 
could do with conventional measur­
ing equipment. The operator merely 
fills the Plexiglas hopper, and re­
moves the sorted balls from their 
individual containers a few seconds 
later. Vacuum tubes connected to 
contact fingers sort the balls. 
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A Hei l  mobi le refue l ing  u n it saves t ime a n d  trou ble  

AV I AT I O N  Conducted b y  ALEXANDER KLEMIN 

M ANY an old-time pilot recalls 
with mingled feelings the 

day when to take up a plane for 
even a short cross-country hop was 
very much of an adventure. Once 
safely off the rough flying field, 
often just missing the boundary 
fence by inches, he climbed slowly 
above the tree tops and silently 
prayed that . his engine would not 
start missing on half its cylinders. 
Always he kept his eyes open for 
possible · emergency landing spots­
an open field, a golf cou�se, or a 
rambling estate, where he was sure 
to find a welcome from the owner 
if he developed engine trouble and 
was forced to land. Barring a sud­
den rainstorm, or unexpected ground 
mist, he arrived at his destination 
safely and climbed out of his plane 
with a feeling of genuine relief. The 
local garage would supply him with 
gasoline of sorts, filtering it through 
a chamois cloth which the pilot 
wisely carried in the plane with 
him. And if he needed any minor 
repairs to his plane, which frequent­
ly was the case, the garage me­
chanic would set to 'with what tools 
he had available. Happily-those 
days are gone . forever. 

Today a pilot takes off knowing 
that his engine will not stop just as 
he rises from the smooth airport. 
And as he gains height he can see, 
within easy gliding distance, not 
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F l y i n g  A i d s  
Avia tion Gas Sta tions-Com plete With Fuel,  Oi l ,  a nd I nforma tion Serv­

ice-Offer I nc reased Safety and Convenience to the P i lot. A N um ber 

of Com bination Automobi le  a n d  Aircraft  Sta tions Have Their  Own 

F l ight  Strips. Fire- F ight ing Equ ipment  Adds to Overa l l  Safety 

one, but perhaps several well kept 
airports. And he can be informed 
beforehand that the weather at the 
airport where he plans to land is 
clear, with no rain or fog hiding it 
from view. 

Flying today, thanks to the intel­
ligent co-operation of every one con­
nected with flying, from the oil com­
panies to accessory manufacturers, 
is rapidly becoming not only a pleas­
ant pastime but, to the busy execu­
tive, an invaluable time saver. 

Profiting by its many years of ex­
perience in assisting motorists who 
purchased gas at its roadside filling 
stations, Standard Oil · Company 
(New Jersey) has prepared a small 
plastics Flight Data card which it 
gives to every pilot who gasses up at 
an Esso station. In addition, the 
company provides him with what­
ever flying information he may re­
quire such as the latest reports con­
cerning weather ahead as well as 
other flying aids to insure his safety. 

B ETTER FU E LS-There are many 
other ways in which the oil com­
panies are helping flying in general 
and private flying in particular. 
They are making available to the 

private flyer SO-octane gasoline 
which is really as high a fuel rating 
as the current makes of engines in 
private flying require. In fact, they 
are making an effort to create uni­
versal acceptance of SO-octane gaso­
line for private flying. Some private­
ly owned aircraft of the executive 
class having engines exceeding 450 
horsepower may require 91-octane 
and will get it. The best fuels will 
now be available to flying generally 
and not to military and naval flying 
only. 

The roadside gas service station 
has in many respects become the 
equivalent of the old coaching inn. 
The service station is the place 
where the motorist stops off and 
seeks refreshment for man and 
"beast," only his beast is a mechani­
cal one. In the aviation gas stations 
are also clean rest rooms, attractive 
merchandise displays, and a lounge 
where flyers may rest. Motorists 
have long used credit cards valid 
all over the United States. Esso is 
planning international credit cards 
for aircraft owners that will be good 
all over the world. In addition to 
the pilot's flight data card describe(' 
previously, he will be given quick 
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calculators for estimating distances, 
fuel consumption, and so on. 

The oil companies have also un­
dertaken to educate the flying public 
in matters of lubrication, quite as 
thoroughly as they have done in 
regard to the lubrication of the auto­
mobile. One oil firm has prepared a 
fine "check-chart" for airplane 
lubrication. No part of the airplane 
is left unnoticed. An arrow leads to 
such parts as Elevator Tab Drive 
Drum Bearings ; Tail Wheel Shock 
Strut ; Aileron Hinge Bearings, and 
so on. For each moving part the 
proper lubricant is indicated, to­
gether with the appropriate lubri­
cating interval in flying hours. The 
same chart carries practical instruc­
tions for filling shock struts and fuel 
tanks. Such a chart is an indication 
of the fact that private flying is be­
coming as frequent and almost as 
common place as automobiling. Will 
the oil companies issue flying maps, 
like the maps which many motorists 
treasure in the pockets of their cars? 
Not as yet. They do not wish to enter 
into competition with the compli­
cated aerial navigation charts which 
the United States Coast and Geo­
detic Survey issues twice a year. 

Considerable thought is being 
given to the development of com­
bination roadside automobile and 
aircraft service stations, with flight 
strips laid out behind the service 
station. Several of these have al­
ready been established. As private 
flying increases in volume, the 
flight-strip gasoline stations will al­
so increase in number. 

MO B I LE FU E LI N G - Manufacturers 
of accessories are co-operating in 
many ways in the common task of 
aiding civilian flying. An example 
is in the provision of mobile units 
for rapid fueling and servicing of 
airplanes. These units are very 
popular and the greater percentage 
of aircraft fuel today is pumped 
from tank trucks or trailers into air­
craft fuel tanks. The Heil Company 
has done much pioneering in such 

Right : Partia l ly  cut­
away v iew of a 

flooded suction sys­
tem for gaso l ine  

storage a n d  de l ivery 
a t  a n  a i rport. I n  

th is  Bowser 
Company set - u p, the 

p u m ps a re located 
below the level 

of the tanks 

B e l ow : C ross- section 
of  a water and 

gaso l i ne  segregator 
developed 

by Wright Field 

units. Instead of taxying the heavy, 
expensive planes up to the fixed 
fueling station, losing time and ef­
fort in the process because the air­
craft has to be carefully positioned 
right at the fuel pumps, the mobile 
refueler is drawn into position di­
rectly opposite the front of the 
plane. Two wing tanks may be filled 
simultaneously from two rear hose. 
Or, by using the two rear hose and 
one side compartment hose, the 
wing tanks and the belly tanks of 
planes may be filled at one time. 
Capacities of the mobile refuelers 
are enormous, running to 4000 or 
even 5000 gallons. 

There is a great deal of engineer­
ing design that goes into such re-

Fire- f ight ing a t  an a irport with  a Cardox c rash truck 
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fueling apparatus. Welded tank con­
struction, concealed hose reel, emer­
gency valves, streamline design, and 
"trailerized" construction are only a 
few of the things which engineers 
have built into these trucks. The re­
fueler can travel over the roads as a 
trailer or semi-trailer at 40 miles 
an hour. It can pump fuel from a 
tank car into its own tank under its 
own power ; or pump from a tank 
car into a storage tank; or pump 
fuel out of as well as into a plane. 
Fuel meters and fire extinguishers 
are also part of the equipment. 

A highly important part of the re­
fueler's equipment is its segregator 
which automatically compensates for 
variations in gasoline and removes 
any water which may be present. 
It is based on the simple principle 
that water and gasoline have differ­
ent specific gravities. The segregator, 
developed by Wright Field engi­
neers, has a float valve which is bal­
anced to float in water and sink in 
the lighter gasoline. When the water 
accumulating In the segregator 
bowl rises to a point where it lifts 
the float valve, the water is auto­
matically discharged to the outside. 

Experimental work is in progress 
in the use of pressure filters for the 
removal of not only water but of all 
solids down to specified measure­
ments. These filters are made up of 
paper or fabric packs, and the de­
gree of purity is governed by the 
number of packs and the degree of 
pressure used. The solids accumu­
late directly in the packs which 
have to be periodically changed or 
cleaned. Water is passed off either 
automatically or manually at the 
bottom of the filters. Air is elimi­
nated by means of an air release, 
the air rising to the top of the filters 
where it is accumulated and auto­
matically passed off. 

But if the mobile airplane refuel­
ing unit is considered a remarkable 
piece of engineering, the fueling 
system at some airports is a revela­
tion to the uninitiated. Growing 
airplane traffic and gasoline con-
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sumption necessitated underground 
fuel storage and motor driven pumps 
as early as the 1920's. The first sys­
tem installed consisted of an under­
ground storage tank, an electrically 
driven rotary pump, centrifugal 
strainers, and a pipe line to an un­
derground pit containing a meter 
and hose mounted on a 

. 
hand-op­

erated reel. Since those days, many 
new developments have come, and 
the Bowser Company has developed 
many fueling refinements. Rotary 
pumps have largely, for many rea­
sons, been superseded by flooded 
centrifugal pumps. These centrifugal 
pumps are located below the level 
of the tanks and the fuel flows to 
them by gravity to maintain the 
flooded suction condition. There are 
many valves, strainers, and other 
accessories, such as air and vapor 
eliminators in the system. Pumps are 
installed in an underground pump 
house. The system will deliver avia­
tion gasoline at any desired point 
on the hangar apron. 

F I R E P ROTECT I O N  - Until non­
flammable safety-fuel comes into 
general use, the extinguishing of 
gasoline fires resulting from crash 
landings is a vital matter. The Car­
dox Corporation has given the AAF 
much valuable service in the de­
velopment of fire extinguishing 
trucks, which are now coming into 
civil use. Fires due to a crash land­
ing are the toughest of all to ex­
tinguish, fed as they are by hun­
dreds or even thousands of gallons 
of aviation gasoline. The problem of 
extinguishing them is a surprisingly 
technical one. But the principle is 
simple, involving the discharge of 
tons of carbon dioxide, released at 
low pressure, (but with great rapid­
ity and power) in combination with 
"foam" discharged at high pressure. 
The Cardox airport fire trucks have 
saved hundreds of planes and many 
lives. The mass discharge of carbon 
dioxide, supplemented by the 
blanket of foam, cuts a path to the 
heart of the fire so that the rescue 
of entrapped personnel may fre­
quently be started within five to ten 
seconds after the truck reaches the 
scene of the fire ! 

F UTU RE - Safe and comfortable 
private flying is already here. It is 
daily increasing in volume. With the 
cost of planes now within the reach 
of many, department stores in the 
larger cities are displaying and sell­
ing them. Thousands of young mili­
tary-trained flyers are returning to 
civil life 100 percent air-minded. 
The future of civilian flying and re­
lated industries is assured. It re­
mains only for more and far-reach­
ing flying facilities to be developed 
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to see airplanes rival the earth­
bound motor car in popularity and 
-what is more important-maxi­
mum safety. 

T H E  DC·8 

Has Enclosed Liquid­
Cooled Engines 

T HE AIRLINER most commonly seen 
for many years is the famous and 
sturdy Douglas DC-3. But the best 
of things must come to an end, and 
even the DC-3, splendid as its ser­
vice has been, must give way to 
more advanced design ideas. There 
is no doubt that Douglas engineers 
have taken a long step forward in 
bringing out the new DC-8;  they 
have been both original and bold 
in their conceptions. 

In the DC-8, there are no engines 
in sight and the huge twin counter­
rotating propellers are mounted 
astern of the fuselage. The two 
liquid-cooled Allison engines of 
1200 horsepower each are mounted 
under the forward cargo compart­
ment and drive the rear propellers 
through gears and shafting some 
60 feet in length. It is a disadvantage 
to have so long a transmission sys­
tem, but this disadvantage is more 
than balanced by the many ad­
vantages which the new power plant 
system has introduced. 

Thus, the DC-8 has twin engine 
safety without the offset thrust 
which is such a nuisance on more 
conventional twin-engined aircraft. 
The "center-line thrust" is going to 
be very helpful in single-engine 
emergency flying. Because the en­
gines are hidden inside the fuselage, 
the surface of the wing is beautifully 
clean, with greater aerodynamic ef­
ficiency and a better lift distribu­
tion along the span. Because the pro­
pellers are aft, the wing can be 
placed quite close to the ground, and 
this makes for easy entry of pas-

sengers and cargo into the fuselage. 
Again, the shorter landing gear 
saves weight. Because the propellers 
can be made large in diameter, take­
off and climb are improved. 

It has been said that Douglas will 
have many difficulties to surmount 
because of the long transmission 
system, but these difficulties should 
be well worth facing. And the speci­
fications are very attractive. The 
new transport will have a payload 
of 12,000 pounds at 300 miles range, 
and will carry 48 passengers and 
2400 pounds of baggage at 223 miles 
per hour. The direct operating cost 
per ton mile will be only 3.5 cents. 
Maximum gross weight will be 
39,500 pounds and wing span will be 
110 feet. 

TWO·CYCLE EN G I N E  

Appears t o  Ha've 
Many Advantages 

ENGINEERS have frequently said 
that a two-cycle aircraft engine 
would have decided possibilities. 

Now General Motors Corporation 
announces a new 200-horsepower 
liquid cooled engine, radial in type, 
which seems to have solved the 
two-cycle difficulties. At any rate, 
it has very attractive specifications. 
The engine has four cylinders, and 
is provided with a supercharging 
blower which provides not only 
scavenging but also increases per­
formance and gives reserve power 
for take-off and high altitude flight. 
Although the piston displacement is 
but 250 cubic inches, or about the 
displacement of a conventional auto­
mobile engine, the engine is rated at 
200 horsepower and the weight, dry, 
is only 275 pounds. 

This engine is perhaps the only 
small liquid-cooled motor ever Duilt 
for aircraft use, and the diameter 
is only 35 inches. Fuel consumption 
is comparable to other engines of 
similar power, running about 13 
gallons an hour on 91 octane gas. 

A n u mber of advantages a re inherent  in the DC-8 
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H I G H WAY TRA N S PO RTAT I O N  Conducted b y  L ESLI E PEAT 

Powe r B ra kes 
Motor Veh ic le  B ra kes, on the Average, Must  Absorb Ten Times a s  Much 

Energy a s  the Eng ines Develop.  Despite the H ig h  Energy Absorption of  

Airp lane B ra kes, They Are Not Yet Adaptable to  Automotive U se.  Cur­

rent  Lim i ts of B rak ing  Systems Must  be Overcome in  the Future 

ALTHOUGH it appears that there 
is no satisfactory substi­

tute for periodic inspection of mo­
tor-vehicle brakes, scores of re­
search and development proj ects are 
under way to improve this phase 
of automotive design. Since a tre­
mendous amount of work is afoot to 
improve vehicle powerplants, and 
extended research has been and is 
being concentrated upon new fuels 
and matching them to the engines 
of the future, power brake develop­
ment is a natural corollary. Several 
engineers are exploring the possible 
use of the gas turbine for vehicles, 
and they admit that with prospec­
tive faster acceleration and higher 
speeds, brakes will be forced to 
handle unprecedented loads in dis­
sipating the huge kinetic energies 
contemplated. 

During recent years the establish­
ment and exploitation of funda­
mental principles of braking have 
offset, in importance, many of the 
ingenious power-brake develop­
ments, in the opinion of Stephen 

Johnson, Jr., of Bendix-Westing­
house Automotive Air Brake Com­
pany. At a recent symposium on 
brakes held by the Metropolitan 
Section of the Society of Automo­
tive Engineers, he declared that cur­
rent loads imposed upon braking 
systems demand proper balancing 
of the brake effort, plus periodic in­
spection and adequate maintenance; 

COM P LEX SYSTEM - Only com­
paratively recently has the brake 
evolved from a fairly simple me­
chanism to a complex system of 
highly specialized and effective 
units, without the aid of which mo­
tor transportation of passengers and 
freight as it is known today would 
be impossible. In the power brake, 
the composite action of all the units, 
from the intake of the compressor 
on the engine to the point of contact 
of the tire on the road and the last 
fitting or coupling on the truck and 
trailer train, is effective and efficient 
only in proportion to the fitness of 
each for the part it must contribute, 

How the eddy - c u rrent  supp lementary brake i s  i n sta l led on a tractor-t ra i ler  u n i t  
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if the final result is to be all that is 
desired or possible. 

The analogy between the prime 
mo�er and the power brake is close. 
Both derive their capacity to per­
form useful work from the engine. 
The power of the engine is trans­
mitted through the clutch, trans­
mission, and axle--and the wheels 
turn. If the frictional resistance of 
the road to the slipping of the wheels 
is not exceeded, the rolling of the 
tires on the road moves the vehicle. 

When this motion is to be reduced 
or stopped, the same source of en­
ergy-the engine--and the same ful­
crum-the adhesion of the tires to 
the road-are utilized, but the im­
pressed forces are so disposed as to 
resist, instead of sustain, the rota­
tion of the wheels. 

Some of the horsepower of the 
engine is utilized to drive the com­
pressor or pump which supplies a 
convenient and manageable pres­
sure to suitable reservoirs. This 
pressure is transmitted through 
pneumatic or hydraulic mechanisms 
to the brake chambers on each 
wheel, and the resultant force is 
carried to the brake drum through 
the cam and brake shoes, thus set­
ting up the required resistance to 
the rotation of the wheels. 

As greater speeds become com­
monplace, the loading imposed on 
brake systems has increased ap!lce. 
Engineers used to think that prac­
tically all the effectiveness of the 
power brake was in the performance 
of the air or hydraulic devices, and 
that only a little of the effectiveness 
or efficiency came from the founda­
tion brake gear. However, it was dis­
covered that this ratio might well 
be reversed; without an efficient and 
properly designed foundation brake 
gear, the most highly developed and 
most efficient power brake mecha­
nism is of little value. The brake 
which can transform the pressure of 
compressed air or brake fluid into a 
very great mechanical force needs 
a foundation brake rigging suffi­
ciently rugged . for the application of 
this force. If this is not provided, 
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Auto motive eng ineers were recently g iven i n formation on advances in a ircraft brake develapments. Left above is the 
or ig i n a l  L inderman expander  brake tube.  The Br it ish Palmer tube is shown at  ( 2 )  and the B .  F .  Goad rich tubes a t  ( 3 )  

every undesirable condition in brak­
ing that can be conceived may oc: 
cur. 

Some of the important operating 
developments of recent years which 
have aggravated the brake problem 
are : 

1. Higher operating speeds made 
possible by finer highways require 
increased stopping ability with safe­
ty. 

2. Adoption of larger section, 
smaller rim diameter tires increase 
the cooling problem and limit the 
diameter of brake drums. 

3. State legislation which limits 
the overall width of the vehicle 
makes it difficult to find space for 
adequate brake drum and lining on 
many vehicles. 

B RAKE HORSE POWER - Naturally, 
the power plant or motive power 
equipment used to produce motion 
in a motor vehicle is very impor-
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tant, and a great deal is heard about 
the horsepower of the engine and 
the top speed of the vehicle. A great 
many claims are also made regard­
ing the rapid acceleration which the 
increasingly powerful engine makes 
possible. It is just as important to 
slow down or stop a vehicle once it 
has been set in motion, but it is sel­
dom that anyone boasts about the 
horsepower of the brakes. 

A modern truck or bus, in start­
ing from a dead - stop, requires at 
least one minute-for the most 
powerful-up to one and one-quar­
ter minutes for the average, to ac­
celerate to a speed of 60 miles per 
hour. 

This same modern truck or bus, 
having brakes in good condition, can 
stop from a speed of 60 miles per 
hour in six seconds. The engine of 
the modern vehicle is able to de­
velop anywhere from 100 horse­
power and up; therefore,  since the 
brakes can stop the vehicle from 
60 miles per hour in one tenth the 
time that the motor requires to ac­
celerate the vehicle to this speed, 
the brakes must be ten times as 
powerful as the engine. If the power­
plant develops 100 horsepower in 
accelerating to 60 miles per hour, 
then the brakes must develop 1000 
horsepower to stop the same vehicle 
with the same load in one-tenth 
the time. 

The engine has an elaborate cool­
ing system to protect its working 
parts from the effects of wear. Wa­
ter is carried in the cylinder block 
and head and circulated by pumps 
through a radiator mounted in the 
best position to take advantage of 
the cooling breeze. There is also 
a fan which helps to keep the op­
erating temperature of the motor 
low. On the other hand, the brakes 
which do the same amount of work 
many times faster than the motor, 
are mounted on the wheels under­
neath the fenders. The present-day 
streamlining has brought the 
fenders down on the sides and ends, 
making it very difficult for cooling 

Rig h t  a n d  left : Back a n d  front views 
of Wagner's a u tomatic brake adjuster 

air to reach the brake drums and 
carry away excessive heat. 

Brakes are mounted in positions 
which expose them to all the dirt 
and muddy water splashed from the 
road by the tires. This tends to 
lower their efficiency. 

L U B R I CAT I O N  P ROBLEMS - The 
engine has a highly efficient lubri­
cation system which insures that 
parts intended to slide over one an­
other can do so with a minimum of 
resistance. Braking systems some­
times have the correct amount of oil 
and grease in the correct places, but 
most of them have insufficient lubri­
cation on sliding contacts and too 
much oil or grease in places where 
they do not belong, such as on the 
lining surface. 

These considerations are among 
those which have lead to an earnest 
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RCA - l.lIbolYlto,ie$ - Cente, 01 Rlldio lind Eleet,onie Re$elll'eh 
RCA Laboratories at Princeton, N.  J . ,  are 
far more than one of the most modern and 
best-equipped laboratories ever built. It is 
a community of scientists, research men 
and technicians - each a top man in his field 
- each working with the other - contribut­
ing wherever and whenever his specialized 
knowledge will help. 

It is a "university of ideas"- where vi­
sions are graduated as practical realities . . .  
where human wants are fulfilled through 
the creation of new products and processes, 
new services and markets. 

It is a birthplace of scientific, industrial 
and social progress for the entire nation . 

It is the reason why anything bearing the 
letters " RCA"-from a radio tube to your 
television receiver of tomorrow- is one of 
the finest instruments of its kind that science 
has yet achieved. 

For just as the RCA electron tube, tele­
vision receiver, radio, or the Victrola, is 
stamped by the RCA trademark, so does 
the product itself bear a stamp of experi­
ence and research that gives RCA pre-emi­
nence in the field of radio and electronics .  

Radio Corp oration of America,  RCA 
Building, Radio City, New York 20. Listen 
to The RCA Show, Sundays, 4:30 P. M. ,  
Eastern Time, over the NBC network. 

P IONEERING 
Scientists and research men who 
work in RCA Laboratories made 
many vital contributions in help­
ing to win the war through appli­
cation of radio, electronic, radar 
and television techniques. Their 
skills now are devoted to peace­
time applications of these sciences. 

At RCA Laboratories the elec­
tron microscope, radar, all-elec­
tronic television (featuring the pro­
jection system for the home) and 
many other new instruments of 
radio, including hundreds of new 
electron tubes, were developed to 
improve and to extend the serv­
ices of radio around the world. 

• RADIO CORPORA TION of AMERICA I 
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search for new and improved brak­
ing systems for motor vehicles. 
Manufacturers have scanned the 
field of aircraft brake engineering, 
in the hope that some of the tre­
mendous effort put into this work, 
by large outlays of taxpayers' 
money, might give them a clue. In 
general, the expander tube and disk 
types of airplane brakes cannot take 
the long periods of braking that are 
imposed on motor vehicles as com­
pared with aircraft. The con census 
among brake engineers seem to be 
that they would cost at least three 
,times as much as the present shoe­
type automotive vehicle brake. But 
the translation of these aeronautical 
a�hievements is going ahead, be­
cause of the increase in braking re­
quirements for the years to come, 
as compared with the current 
"limits" of vehicle brake systems. 

D I ESELS A N D  FUELS 

B oth Will Change 
Eng ineers' Concepts 

NEw CONCEPTS of Diesel engines 
and their fuels , have obsoleted the 
pre-war yardsticks of the cetane 
number scale, and the Navy has 
asked the engine and petroleum in­
dustries, through the Society of 
Automotive Engineers, to look into 
this question in view of super­
charged Diesel power-plants and 
additive fuels. The cetane number 
indicates merely the mInimum 
quality of fuel for starting engines 
and to prevent excess smoking. 

Several years ago the Navy under­
:ook to standardize Diesel engines 
m all of its ships-large and small­
md the war caught the Navy Bu­
:eau of Ships short on supply of 
)ower-plants. One of the most press-
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A self-center ing brake 
developed by 

Wag n e r  Electric.  
The a ssembly photo 

shows ( 1 ) the 
f ixed anchor  a n d  ( 2 )  

the spr ing that 
ho lds  the rou nded ends 

of the shoe seg ments 
( 3 )  snug ly  to the anchor 

A recent study made by J. George 
Oetzel, of Warner Electric Brake 
Manufacturing Company, shows that 
the passenger car, commercial ve­
hicle, and city bus force their re­
spective brakes to absorb, and to 
dissipate, on an average, a kinetic 
energy of 2455 foot pounds per 
square inch of active drum surfaces, 
whereas, in airplanes, brakes must 
have an energy absorption of about 
12,000 foot pounds per square inch 
of active drum surface. He believes 
that brake drum and lining per­
formance must be raised in order to 
chart the course of future develop­
ment. In the meantime, he has been 
working on the development of an 
electrical brake system which em­
bodies the eddy-current principle to 
supplement the friction type brake 
-particularly in operating over 
hilly and mountainous roads. 

ing of war production jobs was get­
ting enough Diesel engines built for 
our Navy and for the needs of our 
Allies. In the meantime, little de­
velopment work on either fuels or 
Diesel engines has been done since 
the engineering staffs of all the 
engine builders have been busy 
on manufacturing problems of their 
own plants and those of . their sub­
contractors and parts suppliers. 

That a new measuring device is 
needed is shown by the fact that by 
the addition of a small amount of 
amyl nitrate to Diesel fuel of 44 ce­
tane number, a Diesel engine can be 
made to produce the same power 
output per gallon as on 50 cetane 
fuel containing no additive. 

Conversely, the newer concepts 
of fuel and increased supercharging 
of engines will require funda­
mental changes in the thinking of 

engine designers of tomorrow to ob­
tain the best combination of engine­
to-fuel relationships. While the po­
tentialities of tomorrow's power­
plants remain barely scratched, the 
recent emergency directed many an 
eye toward the future. 

H AN D I CAPPED D R IVERS 
To Be Aided by 
Research Now Underway 

DEVELOPMENT of driving aids de­
signed to enable disabled war veter­
ans safely to operate cars and trucks 
has been undertaken by the War 
Engineering Board of the Society of 
Automotive Engineers in co-oper­
ation with Army officers, motor ve­
hicle administrators, medical so­
cieties, and rehabilitation hospitals. 

The technical committee is now 
testing some of the devices installed 
on the committee's experimental 
automobile. When the work is fin­
ished, the information will be made 
available to car, vehicle, and acces­
sory manufacturers, garages, and 
others who may be interested. 

L I G H T  EN G I N E  

Made Largely o f  Aluminum, 
Has A uto Possibilities 

COURTING the attention of automo­
tive engineers is the Skinner gaso­
line engine, built largely of alumi­
num die-casting weldments, and 
soon to be manufactured in quantity 
by Jack and Heintz, Inc. Developed 
by Ralph L. Skinner over a period 
of 20 years, the engine is believed 
valuable as an auxiliary in bomber 
aircraft by AAF officials because of 
its relatively large power output 
due to an eight-to-one compression 
ratio and high speed. Weight as 
light as 1.75 to 2 horsepower per 
pound is claimed for it. 

It is a double opposed or "pan­
cake" type, and is designed so it 
can readily be converted from the 
28 horsepower two-cylinder unit to 
multiples thereof. Therefore, its 
sponsors believe, it will fit readily 
into the automobile's future if it can 
be produced at a reasonable cost 
per horsepower. 

Detroit reports indicate that Henry 
J. Kaiser and Joseph W. Frazer are 
interested in the Skinner-Jack and 
Heintz proposition. An immediate 
consideration, in respect to price and 
availability, is the large surplus of 
aluminum alloys resulting from war 
order cutbacks on the one hand, and 
the continued shortage of gray iron 
castings-despite these cutbacks­
on the other. Old-line automobile 
companies are currently having 
trouble in getting sufficient gray iron 
castings for their projected manu­
facturing schedules. 
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S E N S AT I O NA L  WA R B A R G A I N S  

LENSES & PR ISMS 
TAN K P R I S M S 
In o r d e r  that the tank driver shall  n ot g e t  s h o t  

i n  t h e  face. 2 o f t h e s e  S i l v e r e d  P r i s m s  ar e  u s e d  

t o  make a P e r i sc o p e .  W e  h a v e  s e c u r e d  a n u m b e r  

o f  t h e s e  that are very s l i g ht ly c h i p p e d ,  making 

p o ssi bl e t.h e i r  sal e  at a v e ry l o w  price.  T h ey are 

9 0 - 4 5 - 4 5  d e g r e e  Prisms of h u g e  s i z e-5 %, "  l o ng, 
2 * "  wide,  finely ground and p o lished.  Used to 

SILV E R E D  TA N K  P R I S M  

Stock #3004· S . . . . . . . . . . . .  $2.00 Each Postpai d 

P L A I N  TA N K  P R I S M  
Stoc k #3OO5 · S  . . . . . . . . . • . .  $2.00 Each Post p a : d  

FO U R  TA N K  P R IS M S-Spec i aL . . . .  $7.00 Postpaid 
. . . The most sensational bargain we have ever been 
able to offer. 

. 

. . ' b u i l d  a P e r i s c o p e  . . .  e x c e l l e n t  also fo·r exp e r i ­

ments, classro o m  d e m o p.strations. S o  ID e  o f  o u r  

i n g e n i o u s  c u s t o m e r s  have u s e d  t h e s e  p r is m s  La  
m a k e  cam era s t e r e o  a tta chm e n t , r a n g e  fi n d e r , 

etc.  Prism easily converted into d e s k  n a m e  

p l a t e  by affixing g o l d  l e tters.  1 0 0  g o l d  l e t t e r s  

s upp l i e d  a t  only 1 0 c. ( O r d e r  St o c k  # 3 0 0 8 - S . ) 

Normally th ese Prisms w o u l d  r e ta i l  f r o m  $ 2 4  t o  

$ 3 0  each.  

VIOLE� 
I NDIGO 
BLUE 
GREEN 
YELLOW 
ORANGE 
REO 

HOLD PRISM IN SUN'S RAYS 

"WALL 

S PECIALS IN LENS S ETS 
I S e t  #l·S-"Our Advert i s ing  Spec ia l"-15 Lenses for 

$1.60 P ostpa i d ,  plus 1 O-page idea booklet. For copying, 
ULTRA CLOSE-UP SHOTS, macrophotography, expcri, 
mental optics, magnifying and for making a two power 
f i 1 6  Telephoto Lens, "Dummy Camera," Kodachrome 
viewer, DET'ACHABLE REFLEX VIEWFINDER for 35 
mm. cameras, stereoscopic viewer, ground glass and 
enlarging focusing aids, TELESCOPES, low Power Micro­
scopes ·and for many other uses. 

Set #15·s.-"The Exper i m enter's D ream"-62 Lenses, 
Pr i sms  and O pt ical  Items, and N ew 5O· Pag e  Book, "Fun 
With C h i pped  Ed ge Len ses. " $15. 00 Postpa i d .  The 
variety of Lenses and Prisms in this sel will enable you 
to conduct countless experiments, build a great variety 
of Optical Equipment. A sensati onal buy. 

N EW 50- P A G E  I D EA BO O K  " F U N  W I T H  
C H I P P E D  E D G E  L E N S ES" 

Contains wide variety of p r ojects and fully covers the 
f'ascinaling uses of all Lenses in  sets listed above . 

only $1.00 Postpaid . 

O PTICS F R O M  4· POWE R PA N O RA M IC T E L ESC O P E­
Excellent condition. Consists of Objective Prism, Dove 
Prism, Achromatic Objective Lens, Amici Roof Prism, Eye 
Leus Set ( . . .  a $ 6 0 . 0 0  value)  
Sto ck #5016·S . ' • . . • . • . .  ' " . • • .  ' "  . .  $6.00 Postpa i d  

14· POWE R C O LO R  CO R R ECTED M A G N I F I E R  S ET­
Consists of 2 perfect 1 8  mm. diam. Achromatic Lenses 
and section of metal tubing for mount. 
Stock #10.44-S . . . . . • . . . . . . . . . . . . . . . .  $1.55 Postpaid 
RAW O PT I CA L  G LASS . . . An excep-tlonal op­
por1lunlty to secure  a large variety of Optical 
Pieces both Crown and Flint gJ.ass ( seconds)  in 
varying stages of processing. Many prism blanks. 

TO SEE THE C O L ORS OF THE SPECTRUM, 
h o l d  a p l a i n  tank p r is m. in s u n ' s  rays as s h o w n  

i n  d r a w i n g .  W h i t e  I n c i d e n t  l i g h t  w h i c h  p a s s e s  

t h r o u g h  p r i s m  is t h u s  b r o k e n  up i n t o  a b a n d  o f  

p t' i m ary c o l o r s  k n o w n  as t h e  s p e c t r u m-a b e a u ­

t i f u l  s i g h t ! By l o o k i n g  t h r o ugh a t a n k  prism 

at a certain angle, you can s e e  a world o f  

c o l o r s  e v e r y w h e r e. T ruly am az in g ! 

M I SCELLAN EOUS I T E M S  
Stock N o. It em Price  
2024·5-- 1 0  Pieces Circular A-I Plate Glass ( Diam . 

31 mm.-for making Filte r )  . • • • .  , . . . . . .25 
3021 ·S-Amici R oof Prism ( 3rd Grade ) .  Each . . . .  .25 
4009 ·S-Heat Absorbing Glass 4" x 5". Each . . . . . .  .35 
4010-S-Heat Absorbing Glass 2" x 2". Eaeb . . . .  .10 

523 ·S-Slx Threaded Metal Reticle Cells . . . . . . . . .25 
26·5--Flrst Surface Aluminized Mirror, Diam. 

1 ]", " . Each . . . . . . . . . . . . . . . . . . . . . . . " .  .25 
624 ·S-'Neutral Ray Filter size 4 %, "  x 2 V. "  . . . . .  .25 

3022-5--Round Wedge 6 5  mm. Diam. Each • • • • • • .  5.00 
22·5--Inclinometer-Aircraft type. Each . . . . . . . .  .25 

704·5--Lens {lieaning Tissue, one ream ( 4 8 0 
sheets ) , size 1 V. "  x 1 1 " " . . . . .  " . . . . .  1.50 

1030-S-2 " DialD. Reducing Lens. Eaeh . . . . . . . . .  .25 
1031 ·S-Perfec-t 6 Power Magnifier-Diam. 2 8  mm. 

Each . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  .25 
2043·S-Standard Crossline Reticle--Jliam. 29  mm. 

Each . . . . . . . . . . • • . . . . • • • . • . • • • • •  , . .  .50 
1034 -5--Burning Glas. Lens. Each . . . . . . . . . . . . . .  .25 

( M i n i m u m  Order on A bove-1 . 00)  

C O LO R  F I LTERS 
1 Re d  and 1 Yellow Filter in following Diam. 

20 mm. ( s econds) 
3 2 . 5  mm ( s econds) 3 1  mm. ( seconds ) 

( M i n i m u m  

4 0 c  3 1 m m .  ( seconds ) 
70c 4 5 . 5  mm. ( seconds ) 
70c 

Order  o n  A bove-$1. 00)  

P R I S M S  
Base 

70c 
90c 

Stoc k #703·S-8 Ibs. ( min. weight)  . . . . . . . . 
• • . • . • . . . . . . . . • . . . •  " . . . . .  $5.00 Postpaid 

Stock #702·S-1Y2 I b s  . . . . . • .  $1.00 Postpaid 
S P ECT R OSC O P E  S ETS . . . These sets contain 
all Lenses and Prisms you need t o  make a 
Spectroscope plus F R E E  1 '5 -page Instruction 
B ooklet.  

Stoc k N o. Type 
B ;'l s e  

Width Length P r i c e  

S t o c k  #1500 ·S-Hand Type Spectroscope 
• . . . . . . . . . . . . . . . . . . . . . . .  $3.45 Postpai d  

Stock #1501 ·s.-Laboratory Type Spectrosco pe 
. . . . . . . . . . . . . . . . . . . . . . . . . .  $6.50 Postpa id  

C L EA N I N G  B R U S H  SET . . . For  Lenses, OptI­
cal instruments, etc. Perfect quality-12 inch 
Flexible Plastic handle, hollow circular canst. 
Range from stiff to very soft. 4 Brushes to set .  
Stock #504·S- ( Reg. $6.00 value )  . . . . • •

.
. . . .  

. . . . . . . . . . . , . . . . . . . . •  Price $1.00 Postp a i d  

3040·S-Right Angle 

3049-5--Right Angle 

3047 ·5--Right Angle 

3038·S-Roof Prism 

3042·S-Right Angle 

3045·S-Right Angle 

3001·5--Lens Surface 

33 mms. 

. . . . . . . .  69 mms. 

• . . . . . •  . 53 mms . 

. . . . . . . .  18 mms. 

. . . . . . . 41 mms. 

. 10 mms. 

. . . . • • • .  20 mms. 

3009 · S-Porro . • . . . . . . . . . . .  52 mms. 

3016-S�P entagon . . . . . . . . . . .  4·5 mms. 

3029 · S-D-ove . . • . • . . . . . . . . .  1 6  mms. 

3036 ·5--8 0 Degree Ro of • . . • .  6 0  mms. 

6136·�Rhomboid • • . . • • • • • •  20 mms . 

23 mms. $1 .00 

1 6 7  mms. 10.00 

1 0 3  mms . 4 . 00 
34 mms. 2 . 50 

40 mms . 1 . 00 

1 6 8 mms . 8.00 

14 mms . 2 .00 

25 mms. 1 . 00 

22 mms.  .75  
65 mms. 1.25 
36 mms. 4 .00 

11 mms. .50 

A ll Items Finely Ground and Polished 

but Edges Slightly Chipped or Other 

Slight Imperfections Which We Guar­

antee Will Not Interfere 'With Their 

Use. Come Neatly Packed and Marked. 

YOU CAN EAS I LY MAKE 
Telescopes, M ag n i fiers, P hotograph i c  Gadgets a n d  H u n ·  
dreds of Expe r i m ents w i t h  these Low C O R  Lenses. 
Exce l lent also for X M AS g ifts . 

To trans late m i l l i m eter measure ments : 25.4 m m .  quais 
one inch.  

M O N OCU LAR S ET O F  
L E N S ES A N D  P R I S M S  

From Navy 's 7 x 50 Binocular. All tile optics you 
need t o  make a 1 Power Monocular. Complete Di­
rections included. 
Stock #5101-S . . . . . • . • . . . . • . . • . . .  $5 .00 Post paid  

M I C ROSCO P E  S ETS 
Consisting o f  4 Cemented Achromatic Lenses f o r  mak­
ing a 4 0  Power Pocket Microscope or 140 Power . ! 'eg· 
ular size Micr,oscope. These color corrected. Lense:-; 
will give you excellent definit ion and may be used fo .  
Micro-photography. 
Stock #1037-S . • • • . • • • • . •  , . . . • . • .  $3 . 00 Postpaid 

Consisting of Prism, Mirror and Condensing Lens. 
These used together with Stock #1 03 1 -S will make a" 
excellent .micro-projector enabling you to get screen 
magnification of 400 to 1 , 0 0 0  Power according t o  
screen distance. 

Stoc k #1038-S . . . . • . . . . . . • . • . . . . .  $2.00 Postpa id  

ALL TH E L E N SES YOU N E E D  TO MAKE 

YOUR OWN T E LESCO P E !  

A L L  A R E  ACH ROMAT I C  LENSES 

G A L I L EA N  TYP E-Simplest to make bnt has narrow 
Field of View. 
Stock #5003·S-

Power of either 6, 6 or 10 . . . • . . .  $1.60 Postpaid 
Stock #5OO4·S-

Small 2 Power Pocket Scope . . . • . . .  $1 .00 Postpai d  

T E R R ESTR I A L  TYPE-Have much wider Field of  
View than Galilean Type. 
Stoc k  #5007·5--1 1  Power Telescope . .  $3.20 Postpaid  
Stoc k #5OO8-S-20 Power Telescope . . 3 . 45 Postpaid 
Stock #5OO9-S-40 Power Telescope • •  7 .45 Postpaid  

P RISM T ELESC O P ES--.;Uses Prism instead of  Lenses 
to Erect Image and are mueb shorter than Terrestrial 
T) pe. Have wide field of view. 

stoc k #5010-5-- 6 Power Telescope . .  $3.00 Postpaid 
Stock #5011·S-1 1 Power Telescope . . 3 . 25 Postpaid  
Stook  #5012-S-20 Power Telescope . .  7.25 Postpai d 

L E N S  FO R KO D A C H R O M E  EYE ·VI EWER­
Color corrected . cemented Lens 38 .. ·mm. diam . ,  
2 inch F . L .  . '  . " 

Stock #6129.-S . " . . . .. .. . . . . .  , $1.00 Postpa i d 

TAN K PERI SCOP E  
Complete S e t  Mounted Components  

R u g g e d ,  st r o n g ,  o r i g{n al1y c o n s t r u c t e d  
f o r  L. S. Tank C o r p s  . .  C o ns i s t s  o f  2 fi n e  
P e r i s c o p e  M i r r o r s  m o u n t e d  i n  m e t a l  
a n d  p la s t i c .  P e r f e c t  c o n d i t i o n .  Only 
p l y w o o d  b o d y  frame i s  r e q u i re d to 
finish t h i s  e x c e p t i o n a l  P e ri s c o p e .  F i r s t  
s u r f a c e  m i r r o r  is w e l l  p r o t e c t e d  by 
glass windows. S e t  weighs 2 %, , l b s .  
O v e r a l l  l e n g t h  o f  m o u n t  6 %; " , w i d t h  2 % ". W o u l d  n o r m a l l y  r e tai l at $ 4 0 t o  '$'5 0 .  

Stock #700·S . . . .  $3.00 Comp lete S e t  Postpaid  
TWO S ETS ( 4  U N ITS) . . . . . . . . . .  " . . . . .  " . 

. . . . . . . . . . . . . . . . .  SP ECIAL $5. 50 P ostpaid  

ORDER BY SET OR STOCK NO. � SATISFACTION GUARANTEED 

EDMOND SALVAGE COMPANY · p. o.AUDUBOI,IEWJEBSEY 
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P ETRO L E U M  Conducted b y  WESLEY D. ARCH E R  

Mo re O i l F ro m  We l l s 
A Method of Horizontal  Dr i l l ing,  Us ing  a Turb ine-Operated B it, 

Holds Prom ise of Open ing  New O i l  H orizons.  Appl ied to Old a n d  Seem ­

ing ly  Exha usted Wel l s, th i s  N ew Procedu re May Make Ava i lab le  M i l ­

l i o n s  of Ba rrels o f  O i l  that  Otherwise Would  Rema i n  i n  t h e  Earth 

WHILE guesses are constantly 
being made as to the prob­

able extent of the petroleum re­
sources of the world and the length 
of time it will take to exhaust them, 
petroleum engineers have steadily 
improved production from older oil 
fields by drilling deeper wells and 
utilizing improved means of ex­
tracting the crude oil known to lie 
under the surface. 

One of the latest methods of more 

efficiently tapping the known under­
Iground sources of crude oil is that 
invented and put to use by John A. 
�ublin, a Los Angeles manufacturer 
)f drilling equipment. His method is 
to drill several holes in a horizontal 
:iirection, stemming many feet from 
the original vertical bore of an oil 
well. Thus a greater area of oil pro-
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ducing formation is tapped by the 
original bore. Up until now the only 
successful method of mechanically 
increasing drainage into a well has 
been by "gun-perforating"-shoot­
ing of bullets through the sides of 
the bore into the formation. But 
bullet holes are small and can pene­
trate only a few inches into the oil 
sands. 

Assuming that an oil well extends 
down into a producing oil sand for 
a distance of say 60 feet, it would 
normally drain only 60 feet verti­
cally. By drilling a series of eight 
horizontal holes, each 100 feet in 
length, an additional 800 feet of 
drainage can be added, or in the 
ratio of 13 to 1 .  

Of course, the actual area drained 
by any well drilled through or into 
a producing sand is problematical. 
This applies whether the hole is 

Left : Three u n its 
req u i re d  in 

d r i l l i ng  a hor izontal  
ho le .  A m a ndre l ;  a 

c u rved, f lexible 
dr i l l  p i pe; and a 
p ressure operated 

turbine bit  

R ight : Deta i led  
drawi ng  showing  the 

con struction of 
the Zubl in turb ine 

b it  used i n  
d r i l l i n g  

hor izontal  ho les 
from a 

vert ical  bore 

vertical or penetrates the sand at an 
angle, as when the well is drilled by 
directional control to reach a prede­
termined point some distance from 
the surface location or when the 
bore "wanders" from the vertical. 
The flow of oil to the bore is gov­
erned by many natural factors such 
as permeability and porosity of the 
sand and the cementation of the 
grains, and by adverse factors tend­
ing to retard the flow of fluid into 
the bore, such as infiltration of wa­
ter from drilling mud, plastered 
faces due to use of improper mud, 
and sloughed sand. 

As a well produces, the flow of oil 
to the bore increases and movement 
of fluid from the outer circumfer­
ence of the assumed drainage area 
becomes less. Actually, the true 
drainage area probably shrinks as 
the well produces and much more 
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America has much to be thankful for. 
Abroad we have overcome enemies 

whos e  strength not long ago sent a 
shudder of fear throughout the world. 

At home we have checked an enemy 
that would have impaired our economy 
and our American way of life. That en­
emy was inflation-runaway prices. 

The credit for this achievement, like 
the credit for military victory, belongs 
to the people. 

You -the individual American ci tizen 
-have kept our economy strong in the 
face of the greatest inflationary threat 
this nation ever faced. 

You did it by simple, everyday acts 
of good citizenship. 

You put. on the average. nearly one­
fourth of your income into War Bonds 
and other savings.  The 8 5 , 000, 0 0 0  
owners of War Bonds not only helped 
pay the costs of war, but also contributed 

A 
Timely 

Message 
to· 

Americans 
from 

The Secretary of the Treasury 

greatly to a stable, prosperol.!S postwar 
nation. 

You, the individual American citizen, 
also helped by cooperation with ration­
ing, price and wage controls, by exer­
cising restraint in your buying and by 
accepting high wartime taxes. 

All those things relieved the pressure 

on prices. 

THE TASK AHEAD 
We now set our faces toward this future: 
a prosperous, stable postwar America 
-an America with jobs and an oppor­
tunity for all. 

To achieve this we must steer a firm 
course between an inflationary price 
rise such as followed World War I and 
a deflation that might mean prolonged 
unemployment. Prices rose more sharply 
after the last war than they did during 
the conflict and paved the way for the 
depression that followed - a  depression 

which meant unemployment. business 
failures and farm foreclosures for many. 

Today you can help steer our course 
toward a prosperous America : 

-by buying all the Victory Bonds 
you can afford and by holding on to 
the War Bonds you now have 
-by cooperating with such price, 
rationing and other controls as may 
be necessary for a while longer 

-by continuing to exercise patience 
and good sense with high faith in our 
future. 

The challenge to America of switching 
from war to peace with a minimum of 
clashing gears is a big one. 

But it i3 a small one compared to the 
tasks this nation has accomplished since 
Sunday, December 7, 1941 . 

�\ Covernlllent meSS:lge prepared by the War Advertising Council and contributed by this magazine in cooperation with the Magazine Publishers of America. 
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oil at a distance from the well is left 
in the sand than is left in the area 
immediately surrounding the bore. 
Moreover, additional retarding fac­
tors enter the picture, both in the 
sand itself and at the face of the 
hole. Among these are fine sand 
clogging the pores of the oil-produc­
ing sand, sloughing sand in the hole 
or around the liner, and deposition 
of colloidal and residual matter 
from the oil itself. 

The drilling of horizontal tribu­
tary holes from the vertical bore 
provides a means of increasing the 
movement of oil from the entire 
drainage area of a well. Each of these 
horIzontal drain holes establishes 
an individual drainage area within 
the assumed range of the well and 
provides a passage for the flow of oil 
from its drainage area to the original 
vertical hole. Horizontal drilling is 
therefore advantageous when drill­
ing new wells, in old wells for stimu­
lation of production, for production 
from wells that have fallen below 
the economic limit, and in wells be­
irig produced by secondary methods 
such as pumping. 

HOW I T  IS DON E-The equipment 
for horizontal drilling consists essen­
tially of a turbine bit and flexible 
drill pipe. The bit is rotated by the 
drilling fluid-water and mud­
which is circulated by the mud 
pumps, the fluid being maintained at 
a suitable viscosity for operation of 
the bit. The drill string is not ro­
tated during the normal course of 
drilling the horizontal hole. 

One or more horizontal holes may 
be drilled from the vertical bore, 
the number being determined by 
the well conditions and the experi­
ence of the operator. The holes take 
off from the well in a vertical arc 
and may be located at desired verti­
cal distances above each other. The 
holes can be started at any point in 
an open hole or through windows cut 
in the liner or casing. The direction 
of the horizontal holes may be pre­
determined arid the holes started 
off in any desired direction by prop­
erly orienting, the drill string in the 
well. 

The lower part of the drill string 
used for drilling a horizontal hole 
consists of the number of joints of 
flexible drill pipe necessary to carry 

. the hole for the distance from the 
vertical bore to the point in the 
sand to which the horizontal hole is 
to extend. The bottom flexible joint 
to which the bit is attached is made 
from a curved section of drill pipes. 
This causes the hole to start off in 
an arc as the bit begins cutting. The 
other flexible joints are straight and 
follow the curved joint along the arc 
which it establishes. The upper por-
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How hor izontal  holes are dr i l l ed  from vert ical  bore 

tion of the drill string is made up 
of conventional drill pipe. 

The flexible joints at the lower 
end of the drill string are made 
from 4% inch flush-j oint drill pipe. 
A spiral slot is cut through the wall 
of each joint of pipe throughout its 
entire length and the j oint is lined 
with a high pressure rubber hose, 
made fluid tight at each end to pre­
vent leakage of the power-circulat­
ing fluid. The spiral slot provides 
adequate flexibility for the pipe to 
change from a vertical to a hori­
zontal direction as it passes from the 
vertical well bore into a horizontal 
hole. 

The curved flexible joint used at 
the end of the string, and to which 
the turbine bit is attached, is made 
by cutting a spiral slot in a joint 
of drill pipe that has been bent to a 
definite radius and heat treated to 
maintain its curved form. A 25-foot 
radius joint will allow the hole to 
continue in approximately a hori­
zontal direction after the vertical 
arc from the bore has been drilled 
since gravity causes the curved 
joint to straighten out as the bit 
continues to bore the hole. Should a 

slightly upward inclination be de­
sired for production reasons, a 
curved joint of smaller radius can 
be used. 

Before the curved section of pipe 
is run into a well, a mandrel is in­
serted as a core. Thus the curved 
joint is held in a straight position 
until it has reached the point of op­
eration. Then the mandrel is with­
drawn and the curved pipe is allowed 
to assume its curved form within 
the limits of the hole in which it is 
confined. 

TH E TU RB I N E B IT-The rotary 
turbine bit attains a high rotational 
speed by means of power derived 
from the energy of the fluid pumped 
down the drill string. The cutting 
action of the bit depends in part 
upon the tendency of the cutter 
teeth to lift and drop the bit. A high­
ly efficient bearing mechanism is 
therefore provided to carry the axial 
loads imposed by the tendency of 
the bit to rise and fall. 

The entire bit-including housing, 
turbine, and cutting member-is 
made as short as possible to provide 
for starting the curved hole with 
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which the horizontal hole takes off 
from the vertical. The overall length 
is only 20 inches. The driving fluid 
is discharged as close to the cutting 
teeth as possible in order to remove 
cuttings from the bottom and to 
keep the bit and well bore clean. 

D R I LL I N G  P ROC E DU R E-In opera­
tion, the turbine bit is attached to 
the bottom of the curved joint of 
flexible pipe which is flexed to a 
straight position and kept straight 
by the mandrel. Above this are the 
required number of straight flexible 
joints to reach from the vertical bore 
to the point in the sand where the 
horizontal hole is to end. These 
make up the lower portion of the 
drill string which consists otherwise 
of conventional drill pipe. When the 
bit reaches the depth at which the 
horizontal hole is to take off from 
the vertical, the mandrel is removed 
and the lower joint allowed to re­
turn to its curved form to the ex­
tent the hole will permit. The drill 
string is then hooked up to the 
pumps which deliver the mud-water 
fluid at a pressure of from 225 to 
600 pounds per square inch, or suf­
ficient to operate the turbine drill 
bit at 4000 revolutions per minute. 

When the pumps are started, the 
bit, being forced by the curvature 
of the flexible pipe against the sid� 
of the vertical hole, will begin to 
dig into the wall of the bore and 
start a new hole at the point where 
it is positioned. 

WEED K I LLI N G  
Petroleum Spray Leaves n o  
Residual Taste i n  Vegtables 

OVERCOMING the chief disadvan­
tages of weed-killing fluids with 
which farmers have experimented 
for many years, a new petroleum­
derived weed-killing spray has been 
developed which is reported to im­
part no taste to the vegetables . 
whereas sprays of kerosine and 
other petroleum fractions have of­
ten ruined entire crops because of 
their residual taste. 

Known as Sovasol 5, the new 
weed killer has completed a full 
season of field tests, according to 
Socony-Vacuum Oil Company, Inc . .  
who developed it. Recommended 
only for use in carrot, parsnip and 
parsley fields, it has been successful 
in destroying weeds at a cost of less 
than $12 an acre as compared to $60 
an acre in hand-pulling methods. 

The weed-killer is a thin, water­
white liquid that evaporates, · leav-

ing no apparent residue. Within a 
few hours after its use, the weeds 
begin to wilt and in a few days ap­
pear as if they had been killed by 
a sudden frost. 

on damp days but this is said to be 
relatively unimportant. 

About 80 gallons of the liquid 
are required for each acre, and 
almost any kind of spraying appa­
ratus may be used, elaborate equip­
ment being unnecessary. Experi­
ments have shown that it is im­
portant to treat areas when the 
carrots have reached the two or 
four leaf stage. A second treatment 
may be applied the following week, 
if desired, but it is rarely necessary. 
Slightly better results have been 
noted when spraying is conducted 

Destruction of weeds is impor­
tant in carrot, parsnip, and parsley 
production since these vegetables 
are so slow to germinate that weeds 
may gain headway before they can 
be pulled out without injuring the 
tender plants. In the great carrot 
growing areas of the West such as 
the Salina, San Joaquin, and Imper­
ial valleys of California and the 
Yuma and Salt River valleys of 
Arizona, where cost of irrigation is 
also an important agricultural item, 
destruction of weeds is most im­
perative because of their competi­
tion with the crop for water. 

Ingenious N ew 
Technical  Methods 

T o  Help Y o u  with Your Re(onversion 
P roblems 

NOW ANYONE CAN GRIND TH READ I N G  TOOLS l 
- WITH MASTE R G R I N D I N G  GAUGE I 

U ntil the advent of the Aero Master Grinding 
Gauge, only a skilled mechanic could grind thread· 
cutting tools to the required degree of accuracy. 
Now anyone can do it-in less time, with less 
waste, with even greater precision! 

The cuffing tool i s  simply placed in slot of the 
Master Grinding Gauge, and thumb screws hold 
it tightly in place, at the proper angle, while being 
ground on any type of surface grinder! The Gaug

.
e 

is made of hardened tool steel. There are no deh· 
cate or moving parts to get out of order. Milled 
slots at top and bottom provide correct grinding 
angles. A small set screw at end, eliminates any 
lateral motion. There is  nothing special to learn 
-anyone can use it! 

Anyone can be "helped on the job" by Wrigley' s  
Spearmint Gum, too, once this  quality product 
again becomes available. Just now, no Wrigley' s  
Spearmint Gum is being made, a n d  until condi­
tions permit its manufacture in quality and quan· 
tity for everyone, we again urge you, please, �o 
"Remember the Wrigley's S pearmint wrapper."  
It is  our pledge to you, of the finest quality and 
flavor in chewing gum-that will be back! 

You can ger complete information from: 
Acro Tool and Die Works, 4554 Broadway, Chicago 40, Ill. 

Aero Master Grinding Gauge 

RamemDer �hl$ wrapper 
Z-90 
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I N  OTH ER F I ELDS Conducted by The Staff 

'Mightiest Noth i ng' 
Hel ium,  Best Known for its Use i n  Airsh ips, i s  Be ing Developed for 

Many Other Pu rposes; Today i t  Finds I m porta n t  Appl ications i n  Deep­

Sea Div ing,  Med ic ine, and  Weld ing a s  Wel l .  What of the Future? 

By LEWI S NORDYKE 

MENTION of helium brings to 
most a vague notion of 

something with which to inflate bal­
loons and blimps. But this rare, in­
ert, gaseous element, which is an ex­
clusive product of the United States 
because it has been found in impor­
tant quantity only in the natural 
gas of some of our mid-continent 
fields,. has proved to be a precious 
possession with increasing numbers 
of vital war, industrial, and medical 
uses-from welding parts for B-29 
bombers to starting breath in new­
born babies. 

Scientists refer to the gas as our 
"mightiest nothing." This is be�ause 
helium is tasteless, odorless, color­
less, non-flammable, non-explo­
sive, and non-poisonous; it has only 
one seventh the weight of air and 
steals into places where few other 
things can go, but it is so aloof it 
won't combine with other elements. 
Helium, often found with natural 
gas, cannot be made from anything 
else. It is an individualistic element. 

Its "non-everything" properties 
are what make it great ; it is inde­
structible and can be used under 
any conditions because it leaves no 
after-effect in the human body or in 
the snorting hot nozzle of a welding 
torch. 

. 

The United States has had this 
prize possession to itself since 1918, 
when the government started sepa­
rating helium from natural gas for 
use in inflating airships and bal­
loons. It was considered so impor­
tant for this purpose that the Bu­
reau of Mines of the Department of 
the Interior took over control of pro­
duction, and helium became a gov­
ernment monopoly. Not until 1937, 
when Congress passed a law permit­
ting the sale of surplus helium to 
anyone needing it, was the gas 
available to private interests and the 
general public, even for adequate 
research. War-time needs were so 
great that production was stepped 
up almost unbelievably ; now, for the 
first time, there is plenty of helium 

All photographs from Bureau of MInes, Department of the Interior 
Mult ip le - cy l i nder  tank car  for transporting he l i u m  

A g a s  wel l  i n  t h e  Rattlesnake field 

for present and potential uses, at 
reasonable cost. The importance of 
the fact that the United States had 
helium and knew ' how to use it as 
a war material can't be exaggerated. 

G E RMANY WANTED IT - Helium 
is the one thing German scientists 
didn't have. Germany begged for it 
in 1937 after the Hindenburg ex­
ploded and burned over Lakehurst, 
New Jersey. The plea was on the 
grounds that the non-explosive gas 
was needed for the furtherance of 
commercial lighter-than-air craft. 
Secretary of Interior Harold L. 
Ickes decided that Germany might 
want the gas for military experi­
mentation or use ; so he refused to 
approve exporting the helium. 

Not long after the German sub­
marine packs started blasting our 
coast-wise and sea-going shipping, 
the Navy was able to send out fleets 
of helium-filled, snub-nosed blimps 
to search out and destroy the subs. 
Admiral Charles E. Rosendahl re­
ported that not a ship was lost from 
a convoy protected by the sausage­
shaped gas bags, which were also 
used for rescue and observation 
at sea. Helium lifts observation bal­
loons for the United States Weather 
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Bureau and has proved to be of tre­
mendous value to military weather 
men. With the vast expansion of 
aviation, weather stations had to be 
moved to the air fields. Sounding 
balloons carry instruments high in 
the sky for recording data from 
which essential long-range forecasts 
are made. Use of explosive gas is 
dangerous around airports ; helium 
is as safe as a child's breath. 

M ETAL WO R K I N G  - The use of 
helium in war industry has been of 
extreme importance, as it now is in 
peace-time. It makes possible the 
welding of light metals so essential 
to airplanes. Magnesium, which is 
only two thirds as heavy as alumi­
num, and of amazing strength, is 
ideal for aircraft, but it can't be 
welded satisfactorily in the ordinary 
manner. Fire from the torch might 
ignite it and it would disintegrate 
like a Fourth of July sparkler. With 
a helium-carrying tube in its nose, 
the welding torch snorts out a thin 
shield of the gas that won't burn. 
This constant shield protects the 
magnesium from the air and makes 
possible an effective, smooth weld. 

Helium has proved as valuable in 
the welding of stainless steel, and it 
promises revolutionary improvement 
in the welding of many metals. Many 
precision tools and metal parts are 
shaped while the steel is soft and 
then given the right temper, or hard­
ness, through heat treatment. Even 
the most carefully worked metal 
may develop obj ectionable proper­
ties through absorption of oxygen 
(known as oxidation) if, after heat 
treatment, it cools in the natural at­
mosphere. When cooled in an inert 
atmosphere of helium, oxidation is 
impossible. 

U N D E R  WATE R-A synthetic at­
mosphere of helium and oxygen has 
revolutionized deep-sea diving. Un­
til helium-oxygen mixtures were 
used, the maximum depth for a 
diver was about 300 feet, and he 

Canning shrim'J) in the 
Robinson Canning Co. 
Plant, Westwego, La. 
Corrosion treated EX­
ACT WEIGHT Scales 
check-weigh each can 
tor overweight and un­
derweight. Each can is 
accurate. 

Up froID the Briny Deep • • .  
Unless you live on the coast the shrimp for your cocktail probably 
comes from a can. Tons and tons of gulf coast shrimp are taken ye�rly 
. . .  processed and canned. No industry we know of is harder on equip· 
ment. This is  due to salt air and salt water which literally eats up 
ordinary unprotected metals. EXACT WEIGHT Scales have turned to 
chrome, stainless steel and corrosion treatment to protect scales under 
these difficult working conditions and with success. With ordinary c�re 
scales now last longer, work better and deliver higher accuracy than 
before.. This is just another industry among 54 others, with more than 
5 0,000 users served by these famous scales. Remember the name . . . 
EXACT WEIGHT Scales, the pioneers in the field of predetermined 
weights for industry . Write for details  for your operation. 

THE EXACT WEIGHT SCAlE (OMPANY 
65 West Fifth Ave" Columbus 8, Ohio 

Dept. A d. 783 Yonge St., Toro.nto, Canada 

could stay there only a few min- 1 ________________________________ _ 

utes ; now-as a result of co-opera­
tive research by the Bureau of Mines 
and the Navy Department-he can 
stay at that depth for six hours and 
can work at a depth of almost 600 
feet for shorter periods. When 
breathing ordinary air while under 
high pressure at great depths, the 
diver may suffer temporary lapse of 
mental faculties, but in air con­
taining a percentage of helium his 
mind remains clear. The gas also 
reduces one of the biggest dangers 
to the diver on his return to normal 
atmospheric pressure : caisson dis­
ease, or the bends. This is caused 
by bubbles of dissolved nitrogen 
popping out of the ' body fluids, as 

pressure is reduced, and collecting 
in joints and blood vessels. In the 
new mixture, helium replaces nitro­
gen and is less apt to cause bubbles 
because it is one half as soluble 
as nitrogen and diffuses out of the 
blood twice as fast. 

Another new use for the gas is 
for inflation of airplane tires. In a 
big liner such as the Lockheed Con­
stellation, for example, use of the 
much lighter helium instead of air 
in the tires reduces the weight of 
the plane by 100 pounds. 

I N  M E D I C I N E-One of helium's big 
future roles, that may well affect 
everyone, lies in medicine. Nearly 
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all first-class hospitals are already 
equipped with tanks of the gas. 

Dr. Alvan L. Barach of Columbia 
University reports that helium has 
saved the lives of people with very 
severe asthma. A victim of . asthma 
can take a few whiffs of an oxygen­
helium mixture and get almost im­
mediate relief. The helium is so 
light it is easier to breathe; it pene­
trates clogged, swollen passages and 
carries with it the needed oxygen. 

The gas is likewise used for treat­
ing other respiratory ailments, in­
cluding tuberculosis and pneumonia 
and in aiding infants whose lungs 
fail to expand normally at birth. 

People have died on operating 
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tables because of the explosion of an 
anesthetic in their lungs. A mixture, 
which can't explode, made by add­
ing helium to the anesthetics, elimi­
nates the danger. Moreover, the 
light helium mixture goes into every 
nook and crevice in the lungs and 
when it is exhaled it brings out a 
portion of the anesthetic that other­
wise might linger in pockets and 
cause serious after-effects 

The gas also has promise in the 
treatment of sinus infection. Be­
cause of its penetrating properties, 
it can go into passages which are 
stopped so tightly that air can't en­
ter. 

PRODUCT I ON - The Bureau of 
Mines owns a lease on rich helium 
gas acreage in the Rattlesnake fields 
near Shiprock, New Mexico ; two re­
serves totaling 16,000 acres in Utah : 
and the 50,000-acre Cliffside field 
near Amarillo in Texas. Before the 
war, the separation plant at Amarillo 
was the only one in the world. When 
the nation started arming, C. W. 
Seibel, supervising engineer at the 
plant, was assigned the job of in­
creasing production. Refineries were 
built at Otis, Kansas ; at Exell, near 
Amarillo ; and at Shiprock. The gas 
from the Rattlesnake field is richer 
than any other from which the Bu­
reau of Mines has produced helium. 
It has a 7 percent helium content, 
while the average of other fields is 
less than 2 percent. 

SALVAGE-By October 1945, pro­
duction was so great that it became 
possible to close down all the plants 
except the one at Exell. This plant 
uses gas from commercial natural 
gas fields ; consequently, no helium 
whatsoever is being taken today 
from the government's rich reserve. 
Instead, helium for future use is 
being pumped from the Exell plant 
and stored in the government owned 
Cliffside field. 

For years, natural gas with 1 per­
cent helium content had been going 
to commercial market, and the 
helium went along and was wasted. 
The Exell plant was built to snare 
that wasted helium. The natural gas 
now goes through the separation 
plant and the helium is removed ; 
then the natural gas, slightly im­
proved as fuel because of removal 
of the non-burning element, goes 
back into the pipe lines for use in 
homes and factories. This was also 
the case at Otis. Some 17 billion 
cubic feet of gas had been removed 
from the Cliffside field, so there is 
plenty of room for the storage. The 
important thing about this arrange­
ment is the fact that helium that 
was formerly going to waste is now 
meeting the present demand for the 
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gas and at the same time increasing 
every day the supply in the govern­
ment's reserve. 

Refining of helium is a fairly 
simple process, if the almost auto­
matic separating equipment and re­
frigeration system is taken for 
granted. The natural gas containing 

Heat  exch a n g e rs, reboi lers, a n d  co l ­
u m n s  of  the carbo n - d ioxide removal 
equ ipment  a t  the, A m a r i l l o  h e l i u m  p l a n t  

the helium is piped from the wells 
into the plant under pressure of 600 
pounds to the square inch. It is first 
washed in a chemical solution to 
remove carbon dioxide. Then the 
gas goes into the pipes of a refrigera­
tion system and is cooled to 300 de­
grees below zero, Fahrenheit. This 
liquefies everything except the 
helium, which is removed in gaseous 
form from the liquid and goes out of 
the plant into steel bottles or spe­
cially-built tank cars, ready for 
shipment. The remaining natural 
gas is sold to a gas company. 

D I SCOVERY-Seibel has done more 
than any other person to develop 
helium from a laboratory play-thing 
to a plentiful product of vital uses. 
When he started toying with it as a 
student. in the University of Kansas 
30 years ago, helium was a chemical 
curiosity. It was first discovered in 
1868 by J. Norman Lockyer, a 
British scientist, while he was study­
ing light from the sun with a spec­
troscope. He found a spectrum line 
never before recorded, indicating 
the presence of a hitherto unknown 
element in the flaming vapors of the 
sun. He named the new found ele­
ment "helium," from the Greek 
"Helios," meaning sun. 

A small amount of the gas was 
found on earth in a radioaCtive 
mineral in 1895 by Sir William 
Ramsay of England ; in 1905, Dr. 

H. P. Cady, chemistry professor at 
the University of Kansas, analyzed 
gas from a near-by oil well and 
found that it contained 1.87 percent 
helium. Seibel, a student of Dr. 
Cady, wrote the thesis for his mas­
ter's degree on a study of helium, 
and in April, 1917, the month the 
United States entered World War I ,  
read it  at a meeting of the American 
Chemical Society in Kansas City. 
At the time, there was about one 
cubic foot of helium in the United 
States. It had been purified in a 
laboratory and was sold at the rate 
of $2500 a cubic foot. Britain was 
pleading with the United States to 
try to develop a non-explosive filler 
for airships. 

Dr. R. B. Moore, a Bureau of 
Mines chemist, and others obtained 
funds from the War and Navy De­
partments for helium research. A 
nation-wide hunt for helium-bear­
ing natural gas started; samples of 
gas from every known field were 
sent to Seibel for analysis. The most 
promising was one near Fort Worth, 
Texas. Machinery used in liquefying 
air was modified so that it separated 
helium from natural gas. When the 
war ended, there were 147,000 cubic 
feet of helium on the New Orleans 
docks ready for shipment to Eng­
land. It had cost less than 50 cents 
per cubic foot. Since then the pro­
duction cost has been cut to one cent 
per cubic foot, or less. 

EXPAN S I O N  A H EAD-Seibel thinks 
that great expansion in the uses of 
helium lies in the days ahead. Since 
the end of World War II, he has 
been actively concentrating on the 
development of new uses for helium. 
He has offered industrialists the co­
operation of the Bureau of Mines 
in experimentation and in providing 
the gas in adequate quantities. His 
ultimate obj ective is to produce so 
much helium at such low cost that 
industry and medicine will find more 
and more j obs for it to do. 

STEEL· TO·GLASS 
Seal Makes Electron 
Tubes Airtight 

F USING steel and glass in a perma­
nent airtight seal for metal electron 
tubes is now being done by a new 
method developed by Radio Corpo­
ration of America. The method pro­
vides a more foolproof process, in 
addition to permitting the use of a 
staple metal for the glass-to-glass 
seal in place of special alloys which 
are more costly and sometimes 
scarce. 
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The new procedure depends upon 
the control of processing so as to 
secure good "wetting" of steel by 
glass. At the same time, it incorpo­
rates a mechanical design which 
provides compression strains at the 
glass-metal boundary, and thus 
compensates for differences in ex­
pansion of the two materials. 

The surfaces sealed by the new 
method are the outer edge of a flat, 
round, glass button and the inside 
of a metal band known as the header 
insert. The glass button serves to 
insulate the wire leads which con­
nect internal elements of the tube 
with the pins on the base. The 
header insert is used to j oin the 
button to the header, a ring of 
steel which, with the button,

' 
forms 

Steel header insert i s  sealed to the  
g lass button  through which w i re  leads 
are i n troduced into  a vac u u m  tube 

the "floor" of the tube, and is welded 
to the open end of the metal en­
velope to support the internal struc­
ture and complete the enclosure. 

The principle which now permits 
the use of steel for the header in­
sert involves the fact that glass is 
a solvent for oxides. By applying 
intense heat from fine j ets of gas 
flame to the outside of the oxidized 
steel band, after the glass has been 
softened and pressed into a button 
inside the band, it is possible to 
cause any excess oxides to dissolve 
into the glass. Before this principle 
was applied, too much oxidation was 
as serious an obstacle as too little, 
the latter preventing adhesion, while 
the former left a porous interface 
between the metal and the glass. 

CONC RETE C U R I N G  
Tests Show Comparative 
Ultimate Strengths 

COMPARATIVE strength and wear 
tests of Portland cement concrete 
are reported in an article prepared 
by H. C. Volmer for publication in 
the Proceedings of the Highway Re­
search Board. The concrete speci­
mens were stored at 70 degrees, 
Fahrenheit, and 50- to 60-percent 
relative humidity. Six methods of 
curing-burlap, integral, and sur­
face calcium chloride, and three 
samples of sprayed surface mem­
branes-were used. Damp burlap for 

18 houn with calcium chloride 
used either integrally or spread on 
the surface upon removal of the bur­
lap, gave 28-day strengths of the 
same order as the three-day wet­
burlap method. The strengths ob­
tained with the three sprayed mem­
branes were lower. Compared to 
the specimens cured with burlap for 
three days, the specimens cured 
with surface or integral calcium 
chloride had higher wear resistance, 
and specimens cured with the three 
membranes had lower wear re­
sistance. 

FAB R I C  F I RES 

Depend Largely 
Upon Construction 

FLAMMABILITY of textile fabrics is 
not necessarily due to the kind of 
fiber from which the fabric is made, 
but depends more upon the con­
struction of the fabric a'nd particu-

larly on whether the fibers used are 
brushed out or are in the form 
of a long pile, according to Dr. 
Frederic Bonnet of the American 
Viscose Corporation in a discussion 
of current proposed legislation de­
signed to curb the sale of flammable 
fabrics. 

When fibers such as cotton, rayon, 
linen, or ramie are twisted together 
into a thread and then woven into 
a compact cloth with few or no fine 
fibers protruding from the surface, 
they are not readily flammable, or 
subj ect to rapid combustion, Dr. 
Bonnet pointed out. When, however, 
such fibers are in a finely divided 
state and thus permit the ready 
access of air, they are rendered 
quite flammable. 

Flammability may also be caused 
by the use of a flammable finish 
applied to glaze the surface and so 
make a fabric more easily clean­
able, Dr. Bonnet said. 

S O U T H  B E N D  L A T H E S  

P'ay an important part in 
Industria' Research 

Nowhere is preCISIOn equipment more important than 

in the research work of industry. For the exacting 

machine work required in the development of special 

testing equipment and experimental models, precision 

lathes are indispensable. :M any industrial research lab­

oratories, such as that of a large steel plant shown 

above, depend on South Bend Lathes because of their 

unvarying precision and time-saving versatility. 

Lathe Builders For 39 Years 

S O U T H  B E N D  L A T H E  W O R K S  
4 5 8  E A S T  M A D I S O N  . ST R E E T  • S O U T H  B E N D  2 2 ,  I N DI A N A  

Write For 
NEW LATHE CATALOG 

This new 64 page catalog is 
printed in full color. It shows 
and describes South Bend 
Engine Lathes and Toolroom 
Lathes with 9" to 16" swings 
and Precision Turret Lathes 
with � " and 1" collet capaci­
ties. Complete specifications. 
construction features and at­
tachments are included. Ask 
for Catalog No. 100-0. 

SUY SOHDS ­
SAVE FOil LATHES 
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.�!!?!.!:!.� New Products 
P rocesses  

Give a Handee this year to 
your son, dad, friend-give one 
to yourself ! It's not only a tool. 
it's a hobby. a 'new outlook ! 

Satisfy that urge to 
create. Know the 
thrill of turning out 
professional - looking 
projects. With the 
HANDEE you can 
make beautiful gifts 
or things to 3ell -
ship, train and plane 
models. costume jew­
elry wood carvings. 
puppets. Initialed tum­
blers, engraved trays. 

A toolshop in your 
hand ! The original 
hand tool and today's 
finest, H A N  D E E  
grinds, drills, cuts, 
carves, cleans, sands, 
saws, sharpens, en­
graves. Y ou'II like its speed, its smooth 
performance. Perfectly balanced, fits your 
hand - it's fascinating, modern ! Wt. 1 2  
oz. AC o r  DC. 25,000 r.p.m. 

Postpaid with 7 accessories $ 18.50. 

GET A GOOD START 

GET T H E  HAN DEE KIT 

HANDEE Tool and 45 most popular ac­
cessories, in handsome, compact steel carry­
ing case I Set includes steel cutter, drills, 

N EW! 

bristle brushes, 
polishing wheels 
and points, rub­
ber disc, drum 
s a n d e r  a n d  
bands, mounted 
wheels, S p e e  d 
Oil, sandpaper 
discs. Y ou'II be 

at what you can ac­
comJllish ! Complete, postpaid 

ACCESSO RY CASE 

$25 .00. 

.Tool owners have beell 
wanting it for years ! 
Sensational assortm�nt 
of finest quality, time­
tested accessories for 
use on any portable 
tool ; packed in a steel, 
h i n g e d . t o p  carrying 
c • ..,. I M M E D I A T E  
DELIVERY. Postpaid 

( Hand"" Tool not included ) .  

C H I CAGO WHEEL & M FG. CO. � 1101 W. M O N R O E  ST. 1l E PT. SA 

... • 
ORDER NOW! �"'I'« CH I CAGO 7, ILL 

r - - - -:.':::"::. -e I Send ( ) Handee Tool I ( ) Handee Kit ( ) Accessory Case I ( ) Enclosed Remittance ( ) C.O.D. I I ( ) Send Catalog I Name • . . .. • . . • . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
I Address . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . I I 
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A I R·O PERATED FIXTU RES 

Make Fast Precision 
Tapping Possible 

USE OF simple air-operated combina­
tion clamping and positioning fixtures 
on medium duty lead-screw tapping 
machines has made possible continuous 
high production precision tapping of 
even blind holes. The loading speed and 
tapping accuracy resulting from the de­
sign of the simple two-position shuttle 
type fixtures permits the tapping ma-

P n e umatic posit ion ing  a n d  c lamp ing  
fixture i n  p lace o n  tapp ing  mach ine  

chines to operate on automatic-repeat 
cycles, relieving the operators of the 
necessity of starting, stopping, and re­
versing the machines. 

The equipment--<iesigned and built 
by Detroit Tap and Tool Company­
comprises hand controlled air-cylinder 
and piston operated shuttling fixtures, 
with two-piece work holders bearing 
on convergent vertical ways of clamp­
ing and horizontal locating, and verti­
cal positioning pins for accurate control 
of tapping depth. The taps for, blind 
hole tapping are standard four fluted 
"Detroit " 'taps ground with a short 
chamfer, driven at approximately 70 
feet per minute and guided by lead 
screws that are not subjected to the 
cutting torque. 

E LASTI C  S I L I C O N E  
Unaffected bi 
Intense Heat 

BUILT upon a tough, heat-stable 
skeleton of silicon and oxygen atoms, 
Silastic, a family of elastic silicone 
products, is the latest group of 
high polymeric organo-silicon oxide 
polymers to develop from laboratory 
research into commercial production. 
These new rubbery silicones provide 
another class of silicone products which 
fill the need for rubbery materials 

combining heat resistance with elas­
ticity or compressibility. 

Silastic, developed by the Dow Corn­
ing Corporation, now provides a group 
of engineering materials which remain 
elastic and compressible at tempera­
tures of 300 degrees, Fahrenheit, for 
long periods and can be used at tem­
peratures up to 480 degrees, Fahren­
heit, for certain applications. Silastic 
covers a series of heat-stable, oxida­
tion-resistant elastic silicone products 
characterized by their good dielectric 
properties and chemical resistance. 
Silastic is furnished compounded ready 
for molding, extruding, or coating in 
several stocks covering a range of 
physical properties and hardIiesses. This 
new product opens new lines of engi­
neering thought wherever the problem 
can be ' solved by a material which re­
tains its compressibility at elevated 
temperatures. It also retains flexi­
bility at temperatures far below zero, 
together with good electrical properties, 
arc-resistance, chemical inertness, and 
water-proof qualities. 

TWO·COLOR F I N I S H ES 
Applied in One Coat 
By New Spray Gun 

TWO-COAT spatter finishes and simu­
lated hammered finishes which give the 
effect of iridescent metal are now pos­
sible in one spraying operation with 
a newly-developed spray gun which 
sprays two colors simultaneously 
through one nozzle. 

Ideally suited for decorating automo­
bile dashboards, radio cabinets, sewing 
machines, lighting fixtures, vacuum 
cleaners, and other metal products 
where a finish combining beauty and 
durability is desired, it provides a one­
operation finish that is more durable, 
faster, and cheaper to apply , than con­
ventional hammer and spatter finishes 
requiring two or three operations. The 

I t  looks l ike a n  ord inary spray g un, 
but i t  app l ies  a new two-color finish 
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smooth finish, moreover, has no dust­
collecting cracks, wrinkles, or fissures 
typical of crackle and wrinkle finishes. 

Known as the Dimenso gun, a de­
velopment of the Sherwin-Williams 
Company, it differs but slightly from 
ordinary spray guns in appearance or 
operation. It has the normal spray fan 
control valve and fluid control valve, 
trigger assembly, head, fluid tip, and 
needle. However, it has an additional 
fluid inlet near the head of the gun to 
accommodate the second color paint. 

P R O D U CTION WELD I N G  
Speeds Market Tryout 
For New Product 

SPOT welding with automatic or semi­
automatic equipment can be employed 
to get certain types of products on the 
market economically and with much 
greater speed than has heretofore been 
possible. With the aid of assembly spot 
welding, a cabinet company was able 

Assembly spot-welding of  tables car­
r ied out with m i n i m u m  of investment 

to produce a trial lot of all-steel utility 
tables without major investment in 
production equipment on the part of 
the manufacturer. Portable gun spot 
welding--carried out in the job welding 
department of Progressive Welder Com­
pany-was the fabricating method used. 

A standard C-type Progressive port­
able resistance welding gun was used 
to make the spot welds. Only a single 
clamping type rotary work-holding 
fixture was necessary to complete the 
assembly of the tables. A production 
speed of 16 tables per hour with one 
operator was attained, thus permitting 
the entire lot of 5000 units to be placed 
in the hands of the retailer some five 
weeks after the inception of the project. 

This number of all-steel tables of one 
size is generally considered a high 
production run and normally involves 
considerable financial investment in 
dies, jigs, fixtures, and other equip­
ment with which to fabricate the units. 
Use of spot welding made possible the 
production of the 5000 tables at a 
minimum overall cost and so permitted 
large-scale local sampling of the market 

Into 
the SECON D Hundred 

Years 

HAVING celebrated its l Oath An­
niversary in 1945. SCIENTIFic 
AMERICAN will. in 1946. continue 
to provide its unique industrial­
editorial service. 

WITH an outstanding Board of Editors and Con­
tributing Editors (see Contents Page). SCIENTIFIC 
AMERICAN is eminently geared to report the very 
latest developments in industrial science. And 
not only to report but to interpret and evaluate 
as well. 

WHEN you give SCIENTIFIC 
AMERICAN this Christmas. you'll 
be giving your friends a year's 
supply of good ideas which can 
be used in solving their business 
problems. Its the perfecf gift for 
men in all fields of industry! 

LIST your friends on the handy coupon (use blank paper for 
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I F  YO U MAKE OR R EQ U I R E 

ANY SMALL I N T R I CATE 

PARTS - F E R ­

N O N  F E R ROU S 

MAC H I N ED 

ROUS OR 

MATER IALS, 

• N OT over 6 i nches in s ize 

• N OT over V4 lb .  i n  weight  

• N OT u nder 25¢ i n  cost as  

made by  your  prese n t  method .  

Y O U  M I GH T  SAVE MON EY BY 

U S I NG LOST WAX M ETHOD 

P R E  C I S  I O N  I NVESTM E N T  

CAST I NG.  

Consult . • • • • 

BAIER CASTING 
1 26 West 46th Street 

N ew York 1 9, N. Y. 

Scientific American's 
two telescope hooks 
AMATEUR TELESCOPE 

MAKING and 
AMATEUR TELESCOPE 

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 

24 West 40th st., New York 1 8, N.  Y. 
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for this particular item in a space of 
time generally held to be insufficient 
to make even a cursory market analy­
sis. 

D I E  G R I N D E R  

Is Air Cooled for 
Continuous Operation 

AN INCREASED-POWER pneumatic die 
grinder for continuous high speed op­
eration has a one-piece housing of alu­
minum alloy with head, muffler, and 
throttle lever blending with the gen­
eral housing contour. 

Special construction features include 
the built-in oil reservoir which holds 
oil for eight hours' operation and which 
may be filled by simply removing one 
screw. Oil is metered to the grinder 
through an automatic feeder device in­
corporated in the tool. 

Cool exhaust air circulates around 
the finned surface of the cylinder, per-

Com pact air-operated grinder 

mitting continued operation at high 
speed without over-heating. 

Bearings are rigidly mounted in end 
plates for perfect alinement and ac­
curacy and packed with grease for 
1000 hours' operation. A special shield 
keeps grease in and grit and dirt out. 

THERMOPLASTIC TAPE 

Provides Insulation and 
Protects Against Abrasion 

T RA,NSPARENT and flexible, a new ther­
moplastic tape, which greatly facilitates 
inspection and servicing of equipment 
on which it is applied, is useful not 
only as electrical insulation but also to 
protect wiring, cables, and equipment 
against abrasion. The tape is heat seal­
ing, flame resistant, flexible at low 
temperatures, and resists attack by 
acids, alkalies, moisture, oil, grease, 
and . corrosive fumes. With proper ad­
hesives, it may be bonded to fabrics, 
metal, ceramics, wood, and other ma­
terials. 

Fibron tapes, made by the Irvington 
Varnish and Insulating Company, have 
been applied successfully as gasketing 
material; in the construction of auto­
motive and aircraft lighting and igni­
tion harnesses; and in splicing plastics 
insulated wire and cable. 

CU RVED TAN KS 

Have High Strength 
For Many Uses 

P RE-FORMING of the sides of stainless 
steel tanks to a curve determined 

by hydrodynamic principles has in­
creased tremendously the tank's 
strength per weight, according to the 
Rodney Hunt Machine Company, which 
has been using such tanks in its textile 
wet finishing machines. 

The success of this "built-in" natural 
curve opens up many possibilities for 

Sides a re curved for high strength 

adaptations to other fields than textiles 
and the Rodney Hunt firm has already 
made tanks of this design for several 
applications in the chemical and food 
processing industries. 

The tank illustrated shows how the 
curved sides do not have to be rein­
forced with supports which would be 
needed to resist pressures built up by 
liquids inside a typical straight-sided 
tank. This principle can be applied to a 
wide range of sizes and styles. 

SPEED CLAMP 

Tightened Quickly, 
Released Instantly 

I N ADDITION to an extra deep throat, 
for which there have been many re­
quests, a new type of "C " clamp incor­
porates "quickwaction" features. It is 
claimed that the clamp can be posi­
tioned instantly by simply pushing 
down on the rfltchet screw (eliminating 
waste time and motion required to run 
down the conventional type of clamp 
screw) and tightening with a turn 
of the lose-proof handle. The clamp 
is said to release instantly by merely 
loosening the handle and pushing with 
thumb or finger on the trigger release 
pawl which frees the ratchet screw so 

A push and a turn lock this new clamp; 
it i s  quickly released by the trigger 
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that the clamp is ready immediately 
for application to work of any other 
size or thickness. 

This new Grand clamp is claimed to 
hold work with a firm tension grip on 
any surface, even slanting or irregular, 
and is equipped with replaceable ball 
and socket swivel to prevent shifting or 
creeping. The trigger release pawl is 
described as having hardened teeth 
which hold a meshed grip under spring 
tension on the ratchet screw while 
the clamp is set. 

TOWING HAN DLE 

Telescopes Under 
Hydraulic Table 

A TELESCOPIC towing handle has been 
added to the hydraulic elevating table 
made by the Lyon-Raymond Corpora­
tion. Extended, the handle provides 
means for easily moying the table from 

For easy moving of tables 

place to place. Collapsed, the handle is 
below and under the table top where it 
will not interfere with operations in­
volving transfer of materials across the 
table or support of overhanging pieces. 

EYE PROTECTION 

Afforded by Gradient­
Density Sun Glasses 

SUN GLASSES that pertnit flyers to look 
directly at the sun by turning their 
eyes upward yet give them normal 
horizontal vision have recently been 
developed. Called gradient-density sun 
glasses, they shield the flier's eyes from 
the sky or bright sun above and the 
glare from water, sand, or other reflec­
tion below. 

Through the center, they are com­
parable with ordinary sun glasses, 
transmitting about 20 percent of the 
light, sufficient for normal, daytime 
vision in sunlight. They are coated 
with a stainless steel film of micro­
scopic thickness, the density of which 
is gradually increased toward the top 
and bottom of the sun glass lenses so 
that light transmission at these points 
is about l/lOOth of one percent, suffi­
cient for comfortable vision while look­
ing directly at the sun. 

The gradient-density sun glasses are 
made either with the gradation on both 

The Editors Recommend 
PROCEDURES I N  EXPERIMENTAL PHYSICS ­
By lohn S'rong Ph.D. A wealth of useful data of 
a practical kind for the constructor, experimenter, 
and skilled craftsman. 86.80 

HIGH FREQUENCY INDUCTION HEATING -
By Frank W. Curtis. Answers many questions con· 
cerning induction heating and its utility in industrial 
processes. Thoroughly practical in scope. 82.85 

PLANNING TO BUILD - By Thomas H. 
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TOOL MAKING - By C M. Cole. Instructions for 
making and using all kinds, from personal tools to 
arbor presses, lathes, planers, etc ., in different 
metals. 83.�0 
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Scientific facts about hair-how to save and beautify 
it, treat infections, and so on. Real facts-not a 
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SLIDE RULE SIMPLIFIED - By C. O. Harrb. 
How to use a slide rule without any of the mystifi · 
cation that often surrounds this important tool of the 
engineer. Excellent illustrations make everything 
clear. $3.60 including a slide rule ; for book alone. 

$2.60 

AN INTRODUCTION TO ELECTRONICS - By 
Ralph G. Hud.on. Clear and concise explanation 
of electronics and its modern applications. Very 
little mathematics is used. 13.;10 
MACHINERY'S HANDBOOK - l (l,h Edi,ion. 
" Bible of the mechanical industry." 1815 pages 
of latest standards, data and information required 
daily in shop and drafting room. $6.)0 

ROCKETS, DYNAMATERS, JET MOTORS -
By A. L. Mur:phy. Question.and.answer text designed 
to acquaint the uninitiated with rockets and all their 
variations.  Power plants are discussed, as we1l as 
vehicles and craft to which they may be applied . 

$2.60 

PLASTICS, PROBLEMS AND PROCESSES - By 
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applied electronics. $3.85 

A LABORATORY MANUAL OF PLASTICS AND 
SYNTHETIC RESINS - By G. F. D'AI'!lio. 
How to -prepare many of the well·known J esins and 
plastics in the laboratory. Understanding of the 
text requires a knowledge- of organic chemistry. 

$2.10 

FUNDAMENTALS OF OPTICAL ENGINEERING 
- By Donald H. laeobs. This new work starts 
out at the very beginning, is mainly non·mathe· 
matical, and is probably the best suited of . all 
existing books as an introduction to optical design . 
Author is a physicist at Bureau of Standards. 

$5.10 

WITH THE WATCHMAKER AT THE BENCH -
By Donald DeCarie. Simple, practical, straight. 
for�ard instructions on the repair of timepieces, 
with direct implications to the manufacture and 
repair of delicate instruments of all kinds. 83.10 

TRIGONOMETRY FOR HOME STUDY - By 
William L. Sehaa/, Ph.D. Extensive and detailed, 
giving explanations as the text progresses, together 
with numerous practical applications of  trig, such as 
machine shop problems, 8urveying, navigation, and 
10 OD. 80 eents 

ROCKET RESEARCH - By Cons,an,ln Paul 
Lent. Partly historical, plus a chapter on theory, 
plus descriptions of practical applications and hints 
to experimenters. Many drawing. give specific de­
tails of rocket and jet motors. 8S.l0 
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READY NOW 

The ful l  text of 
the official report 

FOR MILITARY PURPOSES 
By Henry 

De Wolf Smyth 
Chairman, Dept. 0/ Physics, Prince­
ton University. Consultant to the 
"Manhattan District" ( The cryptic 
title given to the Atomic Bomb 
project by the U. S. Corps 0/ En­
gi1Zeers ) 

THIS is the famous "SMYTH R
. 

EPORT" 
as issued by Dr_ Smyth at the 
direction of Maj. Gen. L. R. 
Groves, in charge of the Atomic 

Bomb project. It is a general account of 
the development of atomic energy under 
the auspices of the United States govern­
ment. 

-- "One of the most fascinating and al­
most certainly one of the most important 
books published in our time. Here are the 
authoritative facts as to that extraordinary, 
terrible and unbelievably successful experi­
ment. They have already been summarized, 
popularized, 'explained' in a thousand 
newspaper articles ; but all the articles put 
together do not carry the impact of this 
sober, 'semi-technical' narrative exposition 
of the most revolutionary single develop­
ment that any men now living are ever 
likely to know. Deserves the profound and 
prayerful consideration of every citizen of 
the United States."-N. Y. Herald Tribune 

372 

250 pages, containing all in/orma-
tion released to date, 1 2  photo­
graphs, 8 drawings. 
Paper bound, $1 .25. 
Cloth bound, $2.00. 

At your bookstore 
PRINCETON 

UNIVERSITY PRiSS 
Princeton, N. ,. 

top and bottom, or on the top only. The 
latter type is preferred by many fliers. 
The wearer finds that the landscape 
looks the same as through ordinary 
sunglasses while the bright sky is con­
verted . into a cool overcast. 

The Bausch and Lomb Optical Com­
pany, who developed them, claim that 
the new sun glasses will have wide ap­
plication in motoring, skiing, and golf­
ing. 

ELECTRIC SORTER 

Quickly Identifies 
Unknown Metals 

PORTABLE and easily operated is a new 
machine which quickly identifies and 
sorts pure metals, steels, and non­
ferrous alloys. Made by the Farmers 
Engineering and Manufacturing Com­
pany, and known as the Metalsorter, 
this machine requires no special elec­
trical power supply to make non-de­
structive tests on finished products. 

Employing the tribo-electric effect, 
a metallic specimen of standard, known, 
or acceptable character is rubbed 
against the surface of an unknown or 
doubtful piece. If a chemical or metal-

Tribo- electric effect put to work 

lurgical dissimilarity exists between 
the two pieces, a minute electrical cur­
rent is generated and is registered 
by an indicator on a calibrated scale. 
When there is no dissimilarity, no elec­
trical current is indicated. Various fix­
tures, tools, and connector leads are 
standard accessory equipment to en­
able the device to use almost any shape 
of metallic part for a reference stand­
ard. 

CA R B I D E  GAGE B LOCKS 

. Reported Superior to Steel 
Or Chrome-Plated 

FOR THE first time a complete set of 
gage blocks meeting Bureau of Stand­
ards requirements has been manufac­
tured from tungsten-carbide and of­
fered for general use. These gage blocks 
are manufactured in sets of 35 pieces 
ranging in size from .001 to 4.00 inches, 
and are said to have a wear resistance 
at least 100 times greater than that of 
steel gage blocks, or 98 times greater 
than chrome-plated blocks. Made by 
the Fonda Gage Company, its engineers 
predict that the users of Fonda carbide 
sets will have no occasion whatever to 
replace a carbide gage block. 

The wringing qualities of these car-

REPAIR YOUR OWN E L ECTRIC APPLIANCES 

• NICH ROCITE • 
Mend. Heeling E lement. Easilyl 

� Simply overlap 
ends, apply Nlchro­
cite Paste and 
turn on the cur­
rent - a perfect 
weld results. Used 
by big utility 
companies. 

mrllllllllDlinm 11111111 1 111111' 
1111111111111_,11111)1111111 

• 
HANDY for HOME or I NDUSTRIAL USE 

This simple and effective repair material Is just 
the thing for that broken or burned out heating 
element in your electric iron. stove, toaster Of 
heater. It does the Job In a JUIy. Trial Order. 
$ 1 . 0 0 ;  4 ozs . ,  $2.50; I pOund, $8.00. 

ARMSTRON G  ELECTRIC CO., Box 861 -SA, 
Minneapolis, Minn. 

EXPERIMENTERS 
Assortment of almost 400 valuable new springs. 
"15 different kinds, numerous sizes, containing 
torsion, expansion, compreSSion, and some fiat 
types, 10,000 uses, $2.00. Useful for all expe­
riments, models, repairs. Deluxe assortment, 
$3.00. Jumbo assortment, $5.00. A Tremendous 
Value. Postpaid. Satisfaction guaranteed. 

TECHN ICO 
P. O. Box 246-C, West Hartford, Conn. 

MAG I C  E L ECTR I C  WELDER 
1 1 0  volt AC-DC; welds brazes, solders, cuts 
all metals ; easy to use; full directions. Com­
plete with power unit, flame and metallic arc 
attachments, carbons. fluxes, rods, mask. Used :qnly

th:19���Y' For professional or hobbyist. 

MAG I C  WELDER M FG. CO. 
239 Canal St. Dept. PA-12 New York City 

PATENT fOR SALE 
Electric Fly Catcher, Canadian Patent # 423866 

For particulars, write to : 

JAMES BELL BOX 1 28 
Alvinston, Ontario, Canada 

TH E H EN RY 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 1 82-page book, written by a 
noted finger print expert who was 
for many years in the Bureau of 
Criminal Investigation, New York 
Police Department, will be found 
complete instructions on every phase 
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 

Order from SCIENTIFIC AMERICAN 

24 West 40th Street, N ew York 1 8, N. Y. 
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Reported to wear "forever" 

bide gage blocks are said to be far 
superior to those of either steel or 
chrome, and carbide blocks are corro­
sion-proof against moisture or finger­
marks. 

CARBQLOY I N S E RTS 
Increase Tube Flaring 
Production 35 Percent 

USE OF Carboloy lathe center inserts 
as tube flaring tools is reported to have 
multiplied tool life ten to one as com­
pared with that obtained when con­
ventional flaring tools, made from steel, 
are used. Cemented carbide tipped 
tools are used to flare the ends of many 
sizes and kinds of tubes, the machine 
employed for this purpose being a 
Leonard Precision Flaring Machine. 
The flaring tool used in the machine 
is made by brazing a stock Carboloy 
C-6 lathe center tip Qf solid cemented 
carbide to a tapered steel shank hav­
ing a special taper to fit the machine. 
The lathe center insert is large enough 
so that all the work done during the 
flaring operation is taken by the car­
bide and none by the less-wear-re­
sistant steel shank. 

The high-speed steel flaring tools 
originally used produced only about 
100 tubes before wearing out. The Car­
boloy flaring tools turn out at least 
1000 pieces each before wear becomes 
pronounced and the tip of the tool has 
to be replaced or reground. In addi­
tion to the saving in tool cost and the 

Tube-flaring tool uses a cemented­
carbide lathe center  i n sert on shank 

Visible Record (C!:s)�a� 
2 5  Card-Sheets Show FACTS on 500 Cards 

Easy Use Cards only. Join together. File sheets Cost 
Quick of Cards on edge in correspondence folders Sale. 
Flexible -Half inch visible margin.  Send order. Stock 
Durable 500 Blank Cards 6x4 inch $3.45-lOx4 $.5.30 Ruled 
Portable 500 Printed Cards 6x4 inch $6.70-lOx4 $8.50 Credit 
Compact Use Visible Indexing, Color Signaling, Visible PayroU 
Low Cost Tabulation of vital information. Ten years Purcha.e 
Convenient national use. Send no money. Satisfaction Prospects 
Saves Time Guaran;eed. Write for Catalog Co1lec:ti_ 

.... � .  
�·""!b. H n/H Ai 0 � At- Ross·Gould Co., 365 N. Tenth 1�:�Zs ST. LOU I S  Sheets o f  Cards 

When yon write to advertisers I • The Editor will appreciate it if , 
you will mention that you saw 
it in 

S C I E N T I F I C  A M E R I C A N  

pO R R O  q/g "  x 1 5 / 1 6 "  Oval Face. 
Manu factured by world· 

RISMS famous opticians �or Army 
& Navy 7 x 50 bInoculars. 

Rej ected for slightly chipped edges. Outstand· 
ing Bargain ! 
3 0C ea. 4 for $ 1 . 00  postpaid 

OCULAR RETICLE, micrometer disc 
for eyepiece. Suitable for microscopes, tele­
scopes, surveying, sighting, and other optical 
measuring instruments ; also for counting, 
measuring and locating as with cross-hair. 
Very accurately ruled. Rests on diaphragm, 
ruling can be seen in the field of view super­
imposed on image. Diameter, . 8 2 9 " .  Baryta 
L.F. 1 . .\ 8 .  Cross-hair and -numbered net 
rulings. Our price only $ 1 .0 0  each. Worth 
many times more. Quantity strictly l imited. 

No C. O. D. - Remit with order 

HARRY ROSS 
Scientific and Laboratory Apparatus 

70 W. Broadway, N. Y. 7. N. Y. 

15,000 
FORMU LAS 

1077 
PAG ES 

H OPKI NS' 

"CYCLOPEDIA 

OF FORMU LAS" 

Thousands of copies of this ac­
knowledged leader among books of 
formulas are being used daily. 

$5.50 postpaid ( Domestic ) 

Order From 
SCI ENTI FI C AMERI CAN 

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

B U Y V I [ T O H Y B O N D S 

ANYONE (;AN USE A SLIDE RULE 
Absolutely n o  math background needed if you have the PRACTICAL SLIDE RULE MANUAL by 
J .  M. K lock, Mathematician for the U. S. Navy and former i nstructor in  the Detroit Public Evening 
Sch eols.  An absol utely non ·technical  explanation of how to use a s l ide rule for  the fundamental 
math calcu lations. STUDENTS of all moth, science, and technical subiects w i l l  find the use af a 
s l ide ru le  to be a great aid in their work. SHOP AND TECHN ICIANS: specia l  appl ications made 
to formulae from mathematics, engineering, aeronautics, air navigation, etc. The s l ide rule gives 
rapid solutions to a l l  the basic formulae. O;FFICE:  and business administration appl ications are 
numerous. The s l ide ru le  is  especia l ly  valuable i n  per cent and interest work, and cost accounting. 
The booklet inc ludes chapters on  these subiects. The sl ide ru le  is  also a valuable rapid estimator. 
Large i l l ustrations. Simple and non-technical explanations. Based on 9 terms of teaching adults. 
With this booklet anyone who knows the s implest arithm etic can easi ly learn the slide rule.  Starts 
from a s imple reading of the' scales, and goes on through the most advanced practica l work. 
Booklets are sent postpaid by return mai l .  Send today, and learn a ski l l  that w i l l  he lp you 
during post-war times. Send $ 1 .00 to 

SLIDE RULE • DEPT. 1 • BOX 2293 • DETROIT 3 1 ,  MICHIGAN 

4.000 Parts Per 
Day with 

D I ·ACRO Bender 
HEnclosed is  picture 

taken in our plant which 
proves the DI·ACRO Bend· 

er will do a real production 
job. We are making 4,000 com.-

pleted parts per day, which is 
competitive to most 
P o w·e r  P r e s s e s . "  
( Name on request ) .  

Here is an example of "DIE-LESS DUPLICATING" typical 
of a great variety of formed parts readily made with DI·ACRO 
Precision Machines - Benders, Brakes, Shears. Picture shows 
the finished part formed to die precision, including acute 
right angle bend. Women operating DI·ACRO UNITS 
maintain a high ou,-put on production work. 

SEND FOR CATALOG 

347 E I GHTH AVE . •  SOUTH, 
M I N N EAPOLIS 1 5, M I N N .  
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P E A C E  
AND 

RE C O NVE R S I O N  
These have brought in­

creased activity to the 

optical field. Long held 

up civilian orders for 

optics and optical instru­

ments are filling our 

plants. In view of this, 

and to assure service, 

may we suggest that you 

contact us at your earliest 

convenience if you have 

definite optical require­

ments for the near future. 

Wm. MOGEY & SONS, Inc. 
E.tablished 1882 

PLAINFI ELD NEW JE RSEY 

Experimental and Model Work 
Fine Instruments and Fine Machinery 

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

H ENRY ZUHR, I nc., 1 87 Lafayette St. ,  N.Y.  1 3, N.Y.  

_ . •  For Pleosure ond Profit ! 
If you have 0. workshup-at home 
or I n  busineSs-yoU nt'cd this new 
Warner EJectroplater. A t  the stroke 
o f  an electrified brush. you can 
electroplate models and proj('('ts ­
you can replate worn art i cles,  fau· 
eets, tools, fi xtures, sil verware. etc 
with a durable . s[mrk llng cont of 
meta! . . . Gold. Silver. Chrom ium , 
Nlckel , Coppcr orCndmtum , l\l etl lod 
Is  easy . slmplt',  quick Everyth i ng 
rurn�sh ed - e q u i p m e n t  r o m pl e t e .  
ready f o r  usr.  By dofno a bit  of work 

lOT others. your machine can pay for ttsflf within a ulccli. So make your 
shop complete by getti ng a 'Varner 
Electropl ater right away Send to­day for F R E E  S A M PLE and i l l us­
trated l lterature. ACT AT ONCE. 

1 oent�e�: Bend Free I Name • • . • . • . • • . • • • • . . • . . . . . .  · . . · . .  · . . · . . · • ·  . . . . .  1 
lJ;r:·������z���.:;.:.J����J 
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more continuous machine operation, 
the longer runs obtained mean greater 
consistency of work turned out, while 
pieces produced per hour have been 
raised some 35 percent due to the 
elimination of down time for tool 
changes. 

COUNTERS I N K  

Available With Threaded 
Or Tapered Shank 

A HEAVY-DUTY unit capable of with­
standing hard usage, the new 6300 
Model Micrometer Adjustable Stop 
Countersink has a cutter capacity of 
"Va-inch diameter. Cutters are driven 
off a threaded shank or a standard 

Adjustable in .OOl ths 

taper. Adequate lubrication is assured 
by a full length, self-lubricating bear­
ing. Adjustments are made in incre­
ments of .001 inch and a positive lock 
prevents loss of this accurate adjust­
ment. The taper shank cutter style has 
a self-contained knockout pin which 
facilitates cutter removal. 

HYDRAU L I C  TESTER 

Can be Set Up 
For Field Use 

WIDELY used for heavy duty pulling, 
pushing, and lifting jobs, the Simplex 
Jenny Center Hole Hydraulic Puller 
has recently made its bow in tensile 
testing in the field. 

The picture shows one of these 
Jennies of 100-ton capacity, testing a 
1% inch cable sling to 90,000 pounds. 
A clevis through the dead eye is se­
cured to a long bolt which has been 
inserted through the Jenny and fast­
ened above the cylindrical ram. The 

Test ing a cable s l ing 

I
�OOIDlliA����?!�:::t�t:���I:I;:oomgll 

Built to your order igJ II Fluoride Hard Coated Surfaces Made from [gJ 
[gJ Crown and Flint Precision annealed Optical [gJ 

I
II gll:�: Aperture Focal Length Price I] 

2 inch 20 inch $1 5.00 [gJ ):t 3 I I 45 / I  40.00 � II 4 " 60 " 100.00 I II 5 " 75 " 200.00 II 6 " 90 " 400.00 II 
[g1 We can manufacture any size obje..ctive {gJ 

I 
and focal lengths to your order. � ;ll All focal length. subject to plus and minus 

I
�
:
ll 

� tolerances of 2 Y2 0/0 . 
� 

REFLECTING TELESCOPE MIRRORS. COR. 
[gJ RECTL Y FI GURED: CHROME ALUMINIZED, 

[gJ Made from Pyrex blanks; � Diameter Focal Length PriCe II 
41M inch 32 inch $1 5.00 

II � " � :: 40.00 [gJ 
II 1 0  80 " 1�g:ooOO [gJ 
: 1 2112 " 96 " 200.00 I] 

Above objective lenses and mirrors guar� III anteed to be built to your satisfaction or 
we will refund your money. 

MAYFLOR PRODUCTS CORP. I] 
KATONAH 2, N. Y. [gJ 

ARMY AUCTION BARGAINS 
Cadet cart. box, black . . . . . . . . . . . . . . . . . . 3 0  each 
Antique oil cup . . . . . . . . . . . . . . . . . . . . . . . . .25 . .  
Krag rear sight, new . . . . . . . . . . . . . . . . . . 1.00 " 
Shot gun nipples . . . . . . . . . . . . . . . . . . . . . .  .25 . . 
Army j ack screw, 22" closed . . . . . . . . . . .  1.75 " 
Revolver holster, black, cal. 45 . . . . . . . . .45 . .  
Mauser ' 9 8  book showing parts . . . . . . . . .45 " 
Angular bayonet, cal. 45 . . . . . . . . . . . . . . .  . 90 " 
Lead ladle, 6\2" bowl . . . . . . . . . . . . . . . . . 1 . 80 " 
Flint pistol barrel. 6" rusty . . . . ' , "  . .  . .  .35 . . 
Flints, assorted . . . . . . . . . . . . . . . . . . 12 for 1 . 00 
Assorted screwdrivers . . . . . . . . . . . .  12 for 1 . 00 

Prices do not include postage. 

Articles shown in special circular for 3¢ stamp. 
1945 catalog, 308 pages, over 2000 illustrations 
of guns, pistols, sabers, helmets, medals, buttons 
etc. mailed in U. S. for one dollar. 

FRANCIS BANNERMAN SONS 
501 Broadway, New York 12 

Get the help of this new 
aid to Scientists 
-Photocopying ! 

New unit copies anything ! 
Records important 
data in  accurate, 
p e r m a n e n t  f o r m  

APECO quickly 

makes copies of : 

CHARTS, GRAPHS 
DRAW I N GS 
RECORDS 
REPORTS 

PHOTOGRA P H S  
VALUABLE PAPERS 

CLI P P I N G S  
LETTERS 

(over 100 others) 
N ow, i n  your own officc. _ make copies of any­
thing written,  typed, printed, drawn or photo­
graphed--even if on both sides ! Permanent, 
error-prQof photocopies-at amazingly low 
cost ! APECO makes them at I -a-minute speed 
-saves hours of draf tin g, typing, checking. No 
darkroom or tech n i cal knowledge need�d­
even a boy or girl can easily APECO. 

Send for your free copy 
of this informative book! 

. .  • tells how APECO 
Photocopying can ser.ve you 
20-page, fully illustrated book 
gi ves you the story of Photo­
c o p y i n g-shows graphic/i llll 
the "what" and "how" oLthts ama�ingly simple pro­
cedure. Y o u rs w i t h o u t  o b li gatio n .  Write, today : 

AM E R I C A N  PHOTO C O PY E Q U I P M ENT C O-
2849 North C lark St . •  Dept. K Hl25, Chicago 14, I I / i nois 

Representatives in principal cities and Canada 
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INVENTORS. Do Not Delay. 
In order to PROTECT your Invention and reap 
the reward that should be yours, PATENT 

your invention without delay . and at the same 
time ha.ve RIGHTS to sell when Manufacturers 
convert to Civilian Production. Write for 
Information TO-DAY. 

RANDoLPH & BEAVERS 

25 Columbian Bldg., Washi"gton, D. C. 

NOW A COMPLETE SERVICE FOR:­
AMATEUR ASTRONOMERS 

TELESCOPE MAKERS 

TelescOlJts K its B lanks 
Mounts Tripods Abrasives 
Castings Eye Pieces Testing 
Tubes M irrors Figur ing 
Drives Achromats Panchronizing 

MIRRORS MADE TO ORDER 

.... Quality OUR MOTTO *** 
PROFESSIONAL SERVICE AVAILABLE 

Write for Catalogue 

ASTRO TELESCO P E  COM P A N Y  
P .  o .  Box 1 365 - Glendale 5 ,  Calif. 

George Carroll-724 E .  Elk, Glendale 5, Calif .  
-SERV I N G  THE WESTERN STATES-

Industry needs your ideas now ! Manu· 
facturers are getting ready NOW for 
post-war sales and production. Factories 
must have products to take up the slack 
after war orders stop , Get our NEW 
FREE jo\'entor's book today and valuable 
"Invent.ion Record" form. Act now. 

McMORROW & BERMAN Registered Patent Attorney. 
1759 Atlantic Bui ld ing ,  Wash ington 4, D. C. 

Equatorial Mount ings for 
Wea ther Bureau I nstruments 

a n d  Telescopes 
Ramsden Eyepieces V .. "t V2 ", 1 "  E.F.L. l Y4 "  dia. each $5 .00 

C. C. YOUNG 
2 5  Richard Road East Hartford 8, Conn. 

BUY Vn:rOHY BONDS 

r,Jash.' Amazing Opportunities rl N O W  O P E N  in These 
P RACTI C A L  Money -Making Tradesl 
wa t c h  a n d  c l o c k  r e p a i r i n g  

locksmithing and key making 

53 
l3argain Price 1 
anteedor money Write now l 
.--·Free Detai,'s - Mai' Coupon Today'· - '  
I NELSON CO., Dept SM31,321 S.Wabash,Chicago4, 1II. I I Please send me-FREE and without obligation-llIus· I I trated Sueee� .. Catalog containing information about 

I 
I 

the course (or courses) I have cheoked below,
. 

No sales· 
men will call. 0 Watch and Clock Repairing. I 

I 0 Locksmithing and Key Making. I I I 
I NAME. _______________________ I I . 
I ADDRES8.. ____ ______________________________ I L�J��Y._;_= __ ;;;; __ ;;;._ __ .._s.!�� __ -__ .. 

dial furnished with the unit accurate­
ly and constantly shows the pulling 
power applied, and consequently the 
tensUe strength displayed by the mem­
ber under test. 

This hydraulic unit is also adapted 
for making tensile tests of cable, rods, 
hooks, and other members which are 
subjected to tensional stresses. One 
man is usually all that is necessary for 
such tests. 

PRESSU R E  FOOT 

Designed for Use in 
Production Line Dri//ing 

PROVIDING a means of utilizing steel 
metal template stock in place of heavy 
drill plates and bushings in production 
line assembly drilling by indexing to 
standard size holes in the template, the 
construction of a new drill guide pres­
sure foot also allows the use of stand­
ard size tips, which can be quickly in­
terchanged to provide various drill 

Drill g uide pressure foot in use 

sizes. Templates can be duplicated 
quickly from master templates by em­
ploying clips and fasteners, and can 
be used as assembly jigs as well as drill 
templates. 

FLEXIBLE CORD 

Has Plastics Insulation 
In Se veral Weights 

FLEXIBLE electrical wire insulation 
which is reported to be the only flexi­
ble cord with a plastics jacket so far 
approved for use on household ap­
pliances by Underwriters Laboratories 
was recently announced by its manu­
facturers, the Whitney Blake Company. 
Called "Plastite," the new cord uses 
"Vinylite" plastics as the insulator and 
is . said to possess dielectric strength 
far beyond similar type cords insulated 
with conventional materials. In addi­
tion, the plastics is resistant to oil, 
flame, alcohol, water, alkali, and most 
common solvents. Also it can be pro­
duced in a variety of colors. 

The household applications for which 
its manufacturers recommend it in­
clude lamps, clocks, radios, and light 
appliances, and vacuum cleaners, fans, 
and food mixers. There is also a medi­
um duty type cord for washing ma-
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ALSO AN 8 OUN C E  H O R S E S H O E 
.. 1.40 POSTPAID: 

Lifts 20 t imes own weight.  

BAR 
" A L N I C O "  MAGIIET I �  

it  4'  )l 1;' " a 1�" 
Has a hole bored at its cent .. 

Include Remittan .. ·e with your order. 

Send stdmp lOT descripti"Ye circular 

H A R R Y  R O S S  
MICROSCOPES 

SCIENTIFIC & LABORATORY APPARATUS 
68-70 West Broadway 

New York 7, N. Y. 

Now-with this exclusive ne� prinCiple-you can 
eliminate the "dark spot" from your flashlight beam. 
Amazing new FLOODBEEM flashlight, with Dia. 
mond Facet Reflector, gives all over pure white 
lighL Cos .. no more than ordinary flashlights. See 
your dealer or write direct. The General Detroit Corp.,  Dept. 12-E, 2270 E. Jeiferson, Detroit 7. 
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M I C R O  S W I T C H 
1s a snap-acting Bakelite housed Underwriters 
listed switch. No larger than a man's thumb. 
yet rated a t  10 amps. 125 volts . A.  C. Over 50 
types in stock from $ 1 . 00 to $4.00. 

O pen or c losed cir· O pen or  c losed cir· 
cuit,  each • • . . $1.10 cu it, each . . • .  $1.25 

S. P .D .T  . . . . . . . .  $1.'30 S. P. D.T . . . . . . . . $1.45 
ALNICO Pocket Pieces 11/16" x 9/16" x %," 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  pair $ 1 . 00 

Horse Shoe Magnets %W x %" x %" pair $1.25 

1 �'2" x %" Watch size GEAR BOX 
150 to 1 Ratio . . . . . . . . . . . . 35¢ . . . .  3 for $1 .00 

SKINDERVIKEN Transmitter Button with 
16 page Experiments Booklet . . . . . . . . . . . •  $ 1 . 00 

TELECHRON 1 1 0  volt A . C .  motors 1 revolu· 
tion per minute . . . . . . . . . . . . . . . . . . . . . . . . .  $3.00 

One ampere Mercury Switch, 
long leads . . . . . . . . . . . . . . . .  35¢ . . . . 4 for $1 . 00 

BLAN, 64M Dey Street, New York 7, N. Y. 

�O!S�I� li�!r..�t� 
Ushers Usted in our 51st - - --- - ­
Annual Bargain Catalog of 320 pales. Old·tlme favorite. 
-latest " best sellers. "  Reference, Fiction, JuvenUe . Ht:.. 
tol')', Scientific. etc. Supplying school •• colleges. Ubrarl .. 
and thousands of individual customers. Send postcard 
today for our new 1946 catalog_ uBarl'aiD8 In Books ' 
THE BOOK SUPPLY CO., Dept. 1 93 
5 64-566 West Monroe St., Chicago 6, Illinoill 

Send for FREE LITERATURE on �YENTS fr )  
AN D TRADE MARKS � 11 

C. A.SNOW ," CO. �� 
Reg. Palent AltorneysSince 1 875 1 1  

430 Snow Bldg. Washington 1 .  D .  C. 

BUY VICTORY BOND S 

LANGUAGE 
IS  POW'ER 

• • •  Forge ahead, win 
s p e c i a l  a s s i g n m e n ts, 
promotion, better job 
in g l o b a l  p e a c e  t i m e  
o pp o rtu n i t i e s  t h rough 
abi l ity to speak a for· 
eign language. 

MASTER A NEW LANG UAGE 
quic"'y, easily, correctly by 

L I N G U A P H O N E 
The world·famous Linguaphone Conversa· 
tional Method brings voices of native teach­
ers I NTO YOUR OWN HOME. You learn the 
new language by L I STEN I NG. I t's amaz· 
ingly simple; thousands have succeeded. 

HOME·STUDY COURSES IN 29 LANGUAGES 
Send for FREE book-

Ll N G UAPH O N E  INSTITUTE 
1 1 0  RCA Bldg., New York 20 CI.,ele 7� 

------------------------

L 1 NGUAPHONE INSTITUTE. 
1 1 0 RCA ·B·ldg., New York 20, N. Y. 
Send me the FREE Linguaphone Book. 
Name : . . • . . • . . . . . • . . . . . . . . . . . . . • • • • • •  
Address . . . . . . . . . . . . . . .  City . . . . . . . . . .  . 
Language I nterested . . . . . . . . . . . . . . . . . . . •  
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chines and refrigerators, as well as a 
heavy-duty cord for use on portable 
tools, conveyors, bus heaters, floor 
sanders, and so on. It is available also 
in a parallel type with an extremely 
flexible tinsel conductor for use on 
electric razors, vibrators, and the like. 

D I RT IN C O R N E RS 
Remoyed Readily B y  
N e w  Power Sweeper 

GETTING in close to the wall has always 
been a sweeper's problem, even when 
the cleaning is done by hand, but now, 

on a new model Mota -Sweeper, a 
blower, with an attached flexible metal 
tubing attached, cleans out the corners, 

B lower tu be, lower rig h t, forces d i rt 
i n to the path of the revolv ing brush 

blowing the refuse and dirt right into 

the path of the revolving brush. Other 
refinements include an improved meth­
od of laying the dust, Where before 
air was pumped into water tanks to 
produce a fine spray, now it is applied 
at the nozzle, providing a more positive 
control that eliminates the necessity 
of building up undesirably high air 
pressures in the water tank. 

Moto-Sweeper is easy to operate; it 
turns right or left under its own power, 
by means of a separate clutch on each 
wheel of the tractor, controlled at the 
handlebar. 

BENCH LAT H E  
Designed for Precision 
Production Work 

LATEST addition to the South Bend 
Lathe Works' line is a V-belt drive 
nine-inch precision bench lathe, made 
especially for those who prefer the 
several advantages of the V -belt drive. 
This bench lathe features 4-step, V­
belt cone pulleys which, with the back 
gears, provide either 8 or 16 spindle 
speeds ranging from 46 to 1176 revolu­
tions per minute. It is made with either 
quick-change gear or plain change gear 
equipment for a wide range of thread 
cutting and power longitudinal feeds. 
Two of the models incorporate power 
cross-feeds . 

All models have a 9V4-inch swing 
over the bed and saddle wings, and 
%-inch headstock spindle hole with 
maximum collet capacity of Ih inch. 
Choice of bed lengths gives maximum 
distances between centers up to 34 
inches. 

This lathe is designed for precision 
toolroom or production work, and for 
general use in machine, laboratory, and 
repair shops for machining metals, 
plastics, compositions, and other ma­
chinable materials. 

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

T h e  A n c i e n t s C a l l e d  I t  
C O S M I C  C O N S C I O U S N E S S 

Must man die to release his inner con· 
scioumess? Can we experience momentary 
flights of the soul - that is, become one 
with the universe and receive an influx of 
great understanding ? 

The shackles of the body - its earthly 
limitations - can be thrown off and man's 
mind can be attuned to the Infinite Wisdom 
for a flash of a second. During this brief 
interval intuitive knowledge" great inspira· 
tion, and a new vision of our life's mission 
are had. Some call this great experience a 
psychic phenomenon. But the ancients knew 
it and taught it as Cosmic Conscioumess­
the merging of man's  mind with the Uni· 
versal Intelligence. 

let This Free Book Explain 
This is n o t  a religious doctrine, but the appli ca­
tion of simple, natural laws, which give man an 
insight into the great Cosmic plan. They make 
possible a source of great joy, strength , and a 
regeneration of man's personal powers. Wri te to 
the Rosicrucians, an age-old brotherhood of un­
derstanding, for a free copy of the book "The 
Mastery of Life . "  It will tell you how. in the 
privacy of your own home. you may indul�e in 
these mysteries of life knOwn to the ancIents. 
Address : Scribe O. S.  C. 

gm 1{psicrucians 
SAN JOS E (AMORe) CALI F., u. S. A. 

GE A R S  
In Stock-Immediate Delivery 

Gean. IPeed "edUctl". IProelr:et •• thro._ bearinel. tle"ible ooupl ine •• pl/lIel'. etc. A. 
eompletcline illcllrried in ourChincoltoek. Can .(lo QUate on IPeei!l.lceanof an)' kind­Send III your blue print! and inqulriH. 

Write for Catalog No. 20 
CHICAGO GEAR WORKS 

440.50 North Oakley Ave . •  CHICAGO. III. 

Thll Morse Decimallzer 
(9 x .0432 x 74 . 1 x 3.8) ..;- (245 x .0093 x 36) 

= 1 3346+ 

What about the. decimal point? Place it quickly 
and accurately with the Decimalizer. Pocket 
size, in leather case, $2.5 0 ;  with extra ( m'Pla 
tip lying and dividing ) scale, $3. Money·back 
guarantee . .  

GEORGE H .  MORSE 
927 28th St. South Arlington, Va. 
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"A SIX R OO M H OUSE, · $2800.00 Complete, 
Ready for You to M ove I n "  

by George w. Pearce 

The author, a mechanical engineer, rev�e_ws 
the history of housing and shows how building 
costs have risen in the last 1 5 0  years until 
few families can buy a house adequate for 
their needs.  

He then describes how, QY the use of 
various money-saving building methods, a 
large, modern, 6-room, thoroughly insulated, 
fire resistant, 2-bath bungalow with garage can 
he had most anywhere in the United States for 
$2800.00. 

Included with the book are 10  folded draw· 
ings 12"  wide x 1 0 "  long. These drawings by 
Mr. Pearce, show all the details of construction 
for this house - the, wiring, the plumbing, the 
automatic oil heating system and the fluorescent 
lighting. The hook is devoted to showing how 
similar savings can be' made on any house of 
any style, size or floor plan. 

A very readable and interesting book. Every 
prospective home owner should have a Copya 
1 3 8  6 "  x 9" pages, 26 illustrations, leatherette, 
bound, 10 large drawings. 
Send $2.00 to TECHNICAL PRESS, Box 61, 
Swampscott, Mass. and your copy witt be 
rushed to you postpaid. Distributed solely by 
Technital Press - Not sold in book stores.  

POOR 
E Y E S I G H T ?  

Try the New P I KE 
E lectr ic  Reader 

A b o o n  for elderly peo­
ple and others with poor 
eyesight. Wonderful for 
doctors, scientists and 
draftsmen. 
Write for free information 
and details of  this new in­
vention that makes read­
ing matter 3 times larger. 

Elizabeth, N. J .  

For 

Scientific and Technical Books 

Try onr Book Department 

SCIENTIFIC AMERICAN 

SCIENCE OF ATOM I C  POWER 
URANIUM AND ATOMIO POWER, By Jack De­
Ment & H. O. Dake 1945 Edition $3.98 Postpaid. 
Practical information for Layman, Student & 
Chemist. Numerous tables make this book one of 
the most outstanding in the field. Write for our 
catalogue. ENGINEERS BOOK SERVICE, 19 
West 44th Street, Room 1002, New York 18,  N.Y. 
Special services & discounts given to industrial 
concerns. 

OPTICAL SPECIALTI ES 
Spectroscopes, Optical parts 

instruments. 
Aluminizing o f  mirrors. 

CATALOG ON REQUEST 

Laboratory Specialties, I nc. 
1 44 South Wabash Street, 

WABASH, I N D I ANA 

EXPAN D I NG SAFETY LEATH ER 
WATC H  

B RAC ELET 
N ew I nvention ! 

Fits watches with ad· 
justabl" pin.. Made 
from the finest Gen· 
uine Leather. No other 
Watch · Strap at any 
price has these Pat· 
ented advantages. 

USED BY THE U. S. NAVY 
SAFETY WATCH STRAP COMPANY 

Dept. 22, 1 944-lst Ave., N .  Y. 29, N .  Y. 

R u s h  ( ) Watch Bracelets;  send price. for 
dealers ( ) . 
( ) I will pay postman $ 1 .00 C.O.D. charges 

and postage. 
( ) I enclose $ 1 .00. Send watch bracelet 

post-paid and insureda Regulated in sizes 
wris t :  Small ( ) Medium ( ) Large ( ) 
Name ( Print ) . . . . . • • . . . . . . . . . . . . . . . . . . . 
Addre .. . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . .  

C u r r e n t  B u l l e t i n  
B r i e f s  

Cond ucted by K. M. CANAVAN 

(The Editor will appreciate it 
if  you will mention Scientific 
American when writing for any 
ot the publications listed below.) 

CATECHISM OF ELECTRICAL MACHINERY. 
This 48-page booklet presents in a 

simple way the most important features 
of common types of direct-current and 
alternating- current motors, generators, 
and control equipment. The text was 
prepared for those not familiar with 

. electrical phenomena and terminology. 
Request Bulletin E100D . Fairbanks, 
Morse and Company, 6QQ South Michi­
gan Av enue, Chicago 5, Illinois.­
Gratis. 

THE OBSERVER'S HANDBOOK FOR 1945 con-
tains data on the planets and other 

astronomical phenomena, month by 
month; also lists of double and multiple 
stars, variables, four star maps, an 
ephemeris of the Sun, and miscellane­
ous astronomical data. Most amateur 
astronomers obtain this booklet each 
year. Royal Astronomical Society of 
Canada, 198 College Street, Toronto, 
Ontario, Canada.-25 cents. 

A STUDY OF RADIANT BASEBOARD HEAT-
ING IN THE I-B-R RESEARCH HOME, 

by Alonzo P. Kratz and Warren S. Har­
ris, presents the results of an investi­
gation carried out to detennine the ef­
fect of introducing heat into a room by 
means of long, low panels, heated by 
hot water, these panels being placed 
near the floor and extending along the 
exposed walls of the room. Engineering 
Experiment Station, University of Il­
linois, Urbana, Illinois.-Gratis. 

Dow CORNING SILICONES, NEW ENGI-
NEERING MATERIALS, is a 12-page il­

lustrated pamphlet describing a family 
of synthetic materials . .  of ",ide potential 
applications which are produced in 
many fonns. These fOIms include fluids, 
greases, resins and varnishes, and sili­
cone rubber. Silicones' outstanding 
property is the great extension of op­
erating temperature ranges. Dow Corn­
ing Corporation. P. O.  Box 592, Midland, 
MichifJan.-Gratis. 

PROPERTIES OF AMERIPOL D is an eight-
page catalog section outlining the 

properties of an oil- and heat-resistant 
synthetic rubber. Illustrated with pic­
tures of various Ameripol D products, 
this section serves as a guide to deter­
mine where the use of this synthetic 
is practical. The B. F. Goodrich Com­
pany, Public Relations Department, 
Akron, Ohio.-Gratis. 

LIGHT FROM FLOORS is a 24-page illus-
trated booklet describing the peace­

time possibilities of light-reflecting 
concrete floors. Results of a survey, 
involving over 300 lighting tests, are 
presented. Sections are devoted to 
recommendations for floor construc-
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THE B I N A R Y  SLIDE R U L E  
equals a 20 Inch 
Straight Slide Rule in 
precision. Has C. CI, 
A, K, Log, LLl,  LL2, 
LL3, LL4, Binary, Add 
and SUbstract Scales.  
Gives Trig.  Functions 
from 0 to 90 degrees 
and reads to 1 Minute. 
The Engine - divided 
Scales are on white 
enameled metal. Per­
manently accurate. Dia . 
8 %," Large figures and 
graduations eliminate 

eyestrain. Exceptional value and utility. Price, 
with Oase and Instructions, $5.80. Oirculars free. 
Your money back if you are not entirely satisfied. 

Gilson Sl ide Rule  Co., Stuart, F la .  
Slide Rule Makers since 1 9 1 5 .  

G E N U I N E  U.  S. A R M Y  and N AVY 
PR ISM  and L E N S  

surpluses. Made t o  strict Government - specifica­
tions. These precision optical elements have been 
declared surplus and can be bought for a frac­
tion of their original cost. Some are slightly 
chipped but otherWise pe:rfect. 

Each 
R I G H T A N G L E P R I S M S  23 m / M  X 44 M / M  $ .50 
A M I C I  R O O F P R I S M S  22 M 1 M  F A C E  1.00 
LE N S  B LA N KS lY2" C R O W N  OR F L I N T  .20 
*O BJECT I V E  lY2" D I A.  4" F . L .  .75 
*A C H R O M AT I C  O BJ ECT I V E  lY2" D I A. 5" F. L. 1 .50 
AC H R O M A T I C  O BJ ECT I V E  3" D i a. 14Y2" F . L. 7.50 

*Lenses are Fluoride Coated 

S E N D  M O N EY O R D E R O R  C H EC K  
·N EW S U R PLU SES STILL C O M I N G- M A N Y  M O R E ! ! !  
Send 3 cent stamp for Jist-(:>o  C . O . D .  O rders ) 

A .  J A E G E R S  
l:!O·14A 115 A V E . ,  SO.  OZO N E  P A R K  20, N .  Y. 

Regfstered . Patent Attorneys 
56- L Adams Bldg., Washington 4. D. C. 
Please send l,our 4S·Page "Patent Guido" 
and .1'our • Record of Invention" form 
FREE. Thia requeet doea ·110t obligate me. I Name . . . . . . .  ; . . . . . . . . . . . . . . . . . . . . . . . . .. C 

I Addr_ . • • • • • • • • • . . • • • • • • • • • • • • . • • • • • • • g 
Leit)' . . . . . . . . . . . . . . . . . . . . . . State . . . . . . . .. . . JI 

"'- _ _ _ _ _ _ _ __ _ _ -iII 
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All Serious-Minded Production Men 
SHOULD HAVE THIS FREE BOOKLET ! 

FORGING AHEAD IN BUSINESS 
contains a message of particular impor. 
tance to production men. This is your 
opportunity to o btain a copy of this 
famous book, which has been described 
as a "turning point in the lives of liter· 
ally thousands of men"! 

Although "Forging Ahead in Busi· 
ness" has been distributed to more than 
3,000,000 men, today's timely edition 
was written in the light of recent world· 
wide developments. Its 64 pages repre· 
sent more than three decades of sue· 
cessful experience in training men for 
leadership in business and industry. 

It demo nstrates the method which 
the Alexander Hamilton I nstitute uses 
to give you immediate help in your pres· 
ent position, while preparing you for 
post·war opportunities. Subjects direct­
ly related to the work you are doing 
now, PLUS other subjects of fundamen­
tal value to the business executive, are 
discussed in the book and placed in 
significant relation to one another. Thus, 
a helpful, over-all picture is provided. 

Said one man who had sent for 
"Forging Ahead in Business": 

"In thirty minutes this little book 
gave me a clearer picture of my 
business future than I've ever had 
before." 

. . . and that represents the opinion of 

the Institute's 400,000 subscribers, in· 
cluding 134,000 production men! 

The booklet further explains how it 
is possible to offer this essential train­
ing in a minimum of time; how the In­
stitute program fits in with the most 
crowded of war-time sche"dules. 

Among the prominent industrialists 
who assisted in the preparation of the 
Course, which is described in "FORG­
ING AHEAD IN BUSINESS" are: 
Alfred P. Sloan, Jr., Chairman of the 
Board, General Motors Corp.; Thomas J. Watson, President, International 
Business Machi nes Corp., and Frederick 
W. Pickard, Vice President and Direc­
tor, E. I.  du Pont de Nemours & Co. 

Send for 
"FORGING AHEAD IN BUSINESS" TODAY! 
Frankly, this booklet has no appeal for 
the immature mind. It does not interest 
the man who, for one reason or an- , 
other, is wholly satisfied to plug along 
in a mediocre job. But, for the alert, 
future·minded individual-the man with 
ambition and "drive" - "Forging Ahead 
in Business" has a message of distinct 
importance. If you feel that it is in­
tende<! for you, don't hesitate to send 
for a copy today. Simply fill in and 
mail the coupon below . 

Alexander Hamilton Instilule 

A L E XA N D E R  
H A M I L T O N 
I N S T I T U T E  

Depl. 3'.  7 1  Wesl 2 3rd Slreel, New York lO, N. Y. 
In Canada, 5 4  Wellinglon Slreel, Wesl, Toronlo I ,  Onl. 

Please mail me, wilhoul COSI, a copy of Ihe 64·page 
book-"FORGING AHEAD IN BUSINESS." 

Name . .  , . .  , . . . . . . . . . .  " . . . . . . . . . . . . . . . . . . . . . . . . . . . • 
Firm Name . . . . .  , . , . . . . . " . . . . . . . . . . . . . . . . . . . . . . . . .  . 

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

Position . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 

Home Address . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 

tion, surface treatment, and main­
tenance. Universal Atlas Cement Com­
pany, 135 East 42nd Street, New YQ1'k 
1 7, New York-Gratis. 

UNDERWATER ARC-OXY CUTTING AND 
WELVING EQUIPMENT is a four-page 

folder describing specialized torches 
and related accessories. Chicago Tool 
and Engineering C01npany, 8383 South 
Chicago Avenue, Chicago 1 7, Illinois.­
Gratis. 

SANDING AND FINISHING is an 84-page 
booklet based on a newly announced 

system for identifying coated abrasives. 
Recommendations are , given for the 
use of coated abrasives in metalwork­
ing, woodworking, plastics, printing, 
and other industries. The Carborundum 
Company, Niagara Falls, New York.­
Gratis. Request this booklet on your 
business letterhead. 

THE VISMETER, MODEL A, a technical 
bulletin, describes equipment for 

determining the viscosity of oils in a 
relatively simple yet accurate manner. 
The Model A provides for continuous 
sampling of a fluid and continuous in­
dication of viscosity. Carl D. Miller, 
Ph.D., 327 Salem Street, North Andover, 
Massachusetts.-Gratis. 

PLASTIC MAGNESIUM OXYCHLORIDE FLOOR-
ING presents in a folded circular a 

description of the various types of 
flooring employing magnesium oxy­
chloride cement. The text describes the 
composition, the desirable qualities of 
such floors, and the general method of 
installation. Oxychloride Cement Asso­
ciation, 1010 Vermont Avenue, N. W., 
Washington 5, D. C.-Gratis. 

CATALOG OF SURVEYS is a folded circular 
describing a special survey service 

organized to furnish technical and non­
technical data on every product mined 
or manufactured. J. J. Berliner and 
Staff, 212 Fifth Avenue, New York 10, 
New Y ork.-Gratis. 

USE WOODCUTTING BAND SAWS SAFELY is 
a folded set of six charts which pre­

sent "Dos" and "Don'ts." Graphic illus­
trations and pithy text drive home the 
points. Request Industrial Service Chart 
-Series E, United States Department of 
Labor. Superintendent of Documents, 
Government Printing Office, Washing­
ton 25, D. C.-Five cents. 

CAST IRON IN THE CHEMICAL AND PROCESS 
INDUSTRIES is a 28-page booklet pre­

senting extensive data on the corrosion 
rates of cast iron exposed to the ac­
tion of substances commonly handled 
by chemical structures. Gray Iron 
Founders' Society, Cleveland 13, Ohio. 
-$1 .00. 

WELDERS GUIDE TO SUCCESSFUL HARD 
FACING, a 32-page booklet, sets forth 

in simple and understandable text and 
drawings the proper technique for han­
dling successful hard-facing jobs. Hard 
facing itself is first described and then 
details are given on the acetylene and 
electric processes. Mir-O-Col Alloy 
Company, 241 6-30 East 53rd Street, LOR 
Angeles 1 1 ,  California.-Gratis. 

378 SCI ENTI F I C  AMERICAN DECEMBER 1 945 



O u r Boo k C o r n e r  
THE BOOK DEPARTMENT of Scientific American is conducled, with the co· 
operation of the Ed itors, to make available for you a comprehensive book 
service. Each month the Ed itors select and review i n  these colvmns new books 
i n  a wide range of scientific and technical  fields. In addition, they are ready 
at all times to advise you regarding the best available books on any su bject. 
You are invited to use this service freely. Tel l  our Book Department what 
kind of books you wa nt, a n d  you wil l  be furnished with the na mes of available 
books, inc luding prices. When inqu iring a bout books, please be specific; 
remember that we can be of the g reatest help on ly when you tell us  just what 
you a re looking for. Books l isted i n  these col umns  may be ordered from o u r  
Book Department. Add 25 cents p e r  book f o r  m a i l i n g  outside U .  S.  Al l  re­
m ittances are to be made in U.  S. fu nds. Prices g iven are su bject to change 
without notice. 

TO MAKE C E RTA I N  that books ordered by o r  for men in  the Army, located in 
the U n ited States, or men i n  the Navy, Marines, o r  Coast Guard, located a ny· 
where, will  be delivered, i nsurance fees should be sent with orders, as fol lows: 
To $5 in  value, 3¢ additional; from $5 to $25, 1 0¢; from $25 to $50, 1 5¢ .  

ATO M I C  ENERGY I N  THE 
COM I N G  E RA 

By David Dietz 

LONG was the road to the discovery 
of the secrets of atomic power. And 

the author of this book, has, himself, 
watched much of the journey from the 
viewpoint of a trained science reporter. 
In this volume he has traced the path. 
He has told as much as can be told 
about the research that led up to and 
culminated in the atomic bomb. From 
this background he ventures some pre­
dictions for the future. Essentially this 
volume should be considered as a run­
ning story of one phase of science, de­
void of mathematics, and written to 
give the general reader an overall pic­
ture. (183 pages, 5% by 7% inches, sev­
eral drawings and photographs.) -$2.10 
postpaid.-A.P.P. 

ATOM SMASHERS 

By Raymond F. Yates 

E
LEMENTARY in the extreme is this vol­

ume that explains, in simple and 
non-technical language, the back­
ground of atom smashing and its link 
with atomic power. The author goes 
as far back as the ancient Greek phi­
losophers in an attempt to present a 
view of all recorded thinking about the 
atom, its structure, and the energy 
locked within it. (182 pages, 5% by 8% 
inches, a number of photographs and 
a few drawings.) -$2.10 postpaid. 

M I N E RALS OF M IGHT 

By William O. Hotchkiss 

W
RITTEN in the form of a discussion 
among business executives trav­

eling on a Great Lakes ore carrier, this 
book gives the reader information not 
only on iron, aluminum, copper, salt, 
and petroleum, which are so closely 
interwoven in our civilization today, 
but traces the first known uses of min­
erals far back into history. The author 
intelligently touches upon the future 
supply and conservation of our great 
mineral resources. He points out that 

all great cultures have developed and 
thrived during periods of exploitation 
of mineral resources ; that the great 
civilizations of the past fell into oblivion 
when control of the sources of mineral 
wealth was lost to other races or na­
tions. (206 pages, 5% by 7¥z inches, 
maps, tables, and charts. ) -$2.60 post­
paid.-W.D.A. 

C U M U LATIVE I N DEX FOR 
VOLUMES I. I I .  I I I .  IV. V AN D 
VI OF THE C H E M I CAL 
FORM U LARY 

By H. Bennett 

OWNERS of one or more of the vol­
umes of "The Chemical Formu­

lary" mentioned above will find this 
cumulative index invaluable for ref­
erence purposes. It lists all of the for­
mulas included in the six volumes, ar­
ranged in strict alphabetical order with 
numerous cross references. (164 pages, 
5% by 9 inches.)  -$4.10 postpaid.­
A.P.P. 

TH E PAC I FIC I S LANDS 
HAN D BOOK 

8y R. W. Robson 

A
NNUAL standard reference book giv­

ing for the many islands from 
Hawaii clear around to Sumatra the 
principal data on populations, anthro­
pology, history, economics, native labor 
conditions, industries, and administra­
tion. Emphasis of this book is on trade 
and commerce. (371 pages, 6 by 9% 
inches, numerous maps. ) -$4.10 post­
paid.-A.G.I. 

H IG H  J O U R N EY 

By Carleton Putnam 

W
RITTEN by a man who combines 
literary qualities with the vitality 

and energy of a man of action. Early 
chapters deal with fascinating flying 
adventures, particularly in the South­
west. Later the book portrays devotion 
in the cause of early airlines ; the brief, 
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SAVE 
UP 

ON TECHNICAL BOOKS 

Quantities Limited 

Order Now 

Original 
Title Author Price NOW 

Scattering of Light and the Raman Effect 
Bhagavantam . . . .  $4.75 $2.50 

Hair Dyes & Hair Dyeing 
Redgrove . . . . . . .  5 .00 2 .5 0  

Industrial Research 
Bichowsky 2.50 1 .75 

Chromosomes 
White . . . . . . 1.50 1.00 

Chemical Species 
Timmermans 4.00 2.00 

Private Generating Plant 
Proton . . . . 2.50 1 .75 

Substitutes 

Tin Solders 
H. Bennett 4.00 2.5 0 

Nightingale &: 
Hudson 2 .75 1 . 5 0  

Milling Practice 
Molloy . . . . . 2.00 1.00 

Manual of Endocrine Therapy 
Cinberg . .  3 .25 2 .00 

Windows & Window Glazing 
Molloy . . . 2.50  1 .50  

Tropical Fruits 
Sukh Oval . . .  2.75 1 .75 

Welding & Metal Cutting 
Molloy . . . . . . . . .  2.50 1 .75 

Firepumps & Hydraulics . 
Potts &: HarrISS 2.50 1 .25  

Handbook of Mica 
Chowdhury 6.00 3 .00 

Stromberg Injection Carburetor 
• Fisher . . . . . . . . .  2.50 1 .75  

Glue and Gelatin 
Smith 3 .75 2.50  

Reinforced Concrete Construction 
Cantell 3 .00 1 .5 0  

Elementary Mathematics for Engineers 
Fleming . . . . . . . .  2 .50 1 .50  

Methods & Analysis of Coal & coke 
1 .50  1 .00 

Aviation Instrument Manual 
5 .00 3.00 

Wiring Circuits 
Stuart 2.50 1 .50  

Modern Oil Engine Practice 
E'. Molloy . . . . . .  5 .00 3 .00 

Aircrew's Book of Practical Mathematics 
Robinson and 
Allan . . . . . . . . . 1.50 1 .00 

Pumps & Pumping 
Molloy 2.00 1 .00 

Rubber and Its Use 
Fisher 2.25 1 . 5 0  

Drug & Specialty Formulas 
Belanger . . . . . . .  6.00 3 .00 

Plastic Molding 
Dearie 4.00 2 .00 

Insect Pests 
Harvey 4.25 2.50 

Adhesives 
Braude 3.00 2 .00 

Fruit Pectins 
Hinton 1.75 1 .00 

Cellulose Chemistry 
Plunguian 2.25 1.75 

(To above prices add 1 0  cents domestic postage 
for each book. For foreign postage add 35 cent. 

for each book. ) 

( All prices subject to change without notice . )  
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A C H R O M  A I I  C W I D  E -A N  G L E  
F O U R  ELE M E N T  

TELESC O P E  O B J E C T I V E  

5 inch effective focal l ength .  
Outside diameter: front 1 -9 1 1 6", 

back 1 -5/ 1 6". 
Consists of 1) Achromatic plano-convex lens $4.00 1 1/4" diameter, 31/4 F.L.  Out-

side surface fluoride coated. 
2) Achromatic n egative lens in 

Q,luminum mount; 1 .1 / 1 6" 
diameter; -12" F. L. Outside 
surfaces fluoride coated. 

3) Metal mounting (aluminum-
magnesium alloy). 

Otfers innumerable uses : Excellent wide· 
angle telephoto lens;  superb enlarger and 
slide projector lens, covers 2 V2 " x 2 Y2 " 
plate.; wide-angle telescope objective for 
small finders ;  for Schmidt cameras;  col .. 
limator, and macro-photo lens. Many 
other uses will suggest themselves. Wotks 
well with our focusing eyepiece. A g� 
of beautiful optical workmanship. 

O P T I C A L  R I N G  S I G H T  $4.00 
A -unique adap$8' 
tion of polarized 
light. Used as a 
t e. l e s c o p e  a n d  
camera tinder or 
shot-gun sight, as 
well as for tar�et 
si�hting, eente_rlng 
and leveling. In· 
dudes . a mono­
chromatic deep red 
filter; finely Dol. i,hed, plane paralle l ;  metal mounted ; 

1.5 / 16" diameter. With mounting scr�ws. 

PRISM-LIGHT FLINT GLASS 

Fluoride coated, in mounting of aluminum· 
magnesium alloy, with ball bearing swiv.el. 
Meets most exacting requirements. 1.5 / 1 6" 
by 1 1;' '' face. Suitable a s  diagonal tor 
reflectors up to 8 " ,  also as star diagQnal 
on refractors. These prisms can be used 
to make Porro's system No. 2 erector. 

SPECIAL ITEM 
Dove ( inverting) prism, 3" long, f�ce 
1 1 / 16" square. B. ' S. Crown 1.5 17. $ 1 .00 
each. 
To those. who have purchased our focusing 
eyepiece we can supply an inverter, which 
threads into their ocular, outside diameter 
1 1/4 " , Price $7.00. This converts an IlS· 
tronomiea. telescope to terrestrial. 
See our previous ads for other optical 
bargains. 

Inc lude Postog e  - Remit  with order. 

Catalog of Lenses, Prisms, etc., lO¢ 

H A R R Y  R O S S  
Microscopes 

Sc ientif ic and Laboratory Apparatus 

70 WEST B ROADWAY, N .  Y. 7, N .  Y. 
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but eventful life of Pacific Seaboard; 
and the success of Chicago and South­
ern, the airline of which Mr. Putnam is 
president. This is one of the few books 
which have captured the true, ro­
mantic, and courageous flavor of a 
unique chapter in the history of Ameri­
can aviation. (308 pages, including in­
dex, 5th by 8 inches.) -$2.85 postpaid. 
-A.K. 

S I M PLI F I E D  DESIGN OF 
STRUCTU RAL STEEL 

By Harry Parker, M. S.  

O
NE of a series of elementary books 
dealing with structural members 

used in buildings, this volume will serve 
as a handbook covering the most com­
mon structural steel members. Basic 
principles of mechanics are dealt with 
and it is shown how these principles 
simplify problems and lead directly to 
solutions. The problems discussed range 
from simple to rather complex. Tabu­
lations necessary to the work are in­
cluded. (226 pages, 5 by 8 inches, 95 
drawings, 29 tables.) -$2.85 postpaid. 

T H U N D E R  GODS GOLD 

By Barry Storm 

A
ccoUNTS of lost or buried treasure 
are always intriguing reading. This, 

a fairly well written book liberally in­
terspersed with autobiographical data 
and photographs of the author, is a 
compilation of many stories well known 
throughout Arizona' and the Southwest 
of the lost gold mines originally worked 
almost a hundred years ago by the 
Peraltas of Old Mexico, and of the 
author's experiences in searching for 
them. (166 pages, 6 by 9 inches, maps 
and illustrations. ) -$2.85 postpaid.­
WD.A. 

EXPE R I M ENTAL STRESS 
ANALYS IS 

T
HIS IS a "top of  the desk" book for 
any engineer who must design 

products which have the greatest 
strengths in the least spaces or with 
the least weights. It should be in the 
libraries of purchasing agents and of 
many a sales manager. The book con­
sists of the proceedings of a meeting of 
the Society For Experimental Stress 
Analysis. There are 16 separate topics 
such as Shot Peening To Improve 
Shock Resistance, with original papers, 
discussions, and at least 200 bib­
liographical references. A list . of mem­
bers of the society is given. There are 
dozens of such illustrations as photo­
graphs, drawings and charts, and of 
tables and mathematical fonnulas. (170 
pages, 9 by 111/2 inches. ) -$5.10 post­
paid.-E.L.C. 

I N D U STRIAL ELECTRIC 
LAM PS AN D LIGHTING 

By Edwin S. Lincoln 

A
RCHITECTS, engineers, and others re­
sponsible for lighting installations 

in all types of industrial plants where 
proper illumination is important to in­
sure efficient and high production will 

find this book invaluable. Every phase 
of industrial lighting, from battery-op­
erated flashlights to the floodlighting 
of an air-port, is thoroughly covered. 
All types of lamps are discussed in de­
tail-fluorescern, mercury, sunlight, 
bactericidal, and so on-together with 
the proper types of fixtures to be used 
under various circumstances. Correct 
location and methods of installing lights 
in factories, offices, mines, garages, ma­
chine shops, hangars, and even in fire­
hazardous · locations such as flour mills 
and grain elevators are elaborately ex­
plained with the aid of diagrams and 
charts. (342 pages, 5ljz by 8ljz inches, 
over 200 illustrations, index.) -$3.10 
postpaid.-W.D.A. 

T H E  STORY OF L I N E N  

By William F .  leg!!1ett 

T
HE STUDY of textile fibers is not only 
of interest to the cloth merchant 

but to the student of political economy 
also. Although fibers have been culti­
vated and woven into cloth for thou­
sands of years, no definite date can be 
established as to when man first in­
vented the process of cloth making. 
The author here gives a thorough, al­
though brief, aecount of the known 
history of linen, from its manufacture 
and use by the ancient Egyptians, down 
through the times of the Romans and 
the Middle Ages to its introduction into 
Colonial America. (103 pages, 5 by 71;2 
inches, index, unillustrated.) -$2.85 
postpaid.-W D.A. 

D I SCOVERY O F  T H E  ELEM ENTS 

By Mary E. Weeks 

IN RESPONSE to a steady demand, a 
fifth edition of this solidly infor­

mative book is now available, revised 
and enlarged to contain much new ma­
terial. A veritable treasury of fas­
cinating infonnation for those inter­
ested in the growth of human knowl­
edge, this account of the discovery of 
the elements brings together as a con-

. nected narrative a vast amount of 
knowledge concerning the development 
of the science of chemistry, especially 
in its historic beginnings. (578 pages, 6 
by 9th inches, illustrations, index.) ­
$4.10 postpaid-J.C. 

M ETEORO LOGY FOR P I LOTS 

By Robert W. Mudge 

O
NLY flyers know how really impor­
tant a knowledge of weather con­

ditions can be to insure safe flying. 
To the many air-minded owners and 
prospective owners of private planes 
this book summarizes all that a' pilot 
should know of meteorology. Written 
in non-technical language, it never­
theless conveys the full meaning of 
the theories of meteorology and their 
practical application to every-day fly­
ing practice. Its convenient size enables 
it to be easily stowed in the plane's 
map compartment or in the pocket of 
a flying jacket. Useful also to the 
young man or woman who wishes to 
keep abreast of all phases of aviation. 
(259 pages, 6 by 9 inches, easily under­
stood diagrams and photographs.) ­
$3.10 postpaid.-W.D.A. 
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Te l esco p t i c s  
A Month ly Depa rtment for the Amateu r Telescope Maker 

Cond ucted by ALBERT G.  I N GALLS 
Editor of the Scientific American books " Amateur  Telescope Making" , 

and I I  Amateur Telescope Making-Advanced" 

I N THIS department in the October 
. and November numbers Patrick A. 

Driscoll described the design and use 
of a telescope mirror grinding and 
polishing machine of the vertical­
spindle, hand-lever type. Now in this 
and next month's numbers Dr. Henry 
Paul, 119 North Broad St., Norwich, 
N. Y., will describe his own machine 
(Figure 1) of the same general type, 
combined with a polishing machine. 
The grinding part is seen on the right 
in the photograph, the polishing part 
on the left, but the grinding part alone 

PhotogTaphs by Dr. Henry Paul 

motor is recommended if such a ma­
chine has plain bearings, although a 
1/3 h.p. motor might be used. For less 
power than this, ball bearings shguld 
be placed at the greatest friction 
points. The motor was swung on a 
hinge at one side of its base, which 
facilitates the use of four inter­
changeable motor pulleys, I", 1112", 
2" ,  and 2lj2" in size. While the weight 
of the motor may hang on the belt 
alone, a rubber-cushioned wedge sup­
porting a part of the weight of the 
free side adds to smooth operation. 

Figure 1 :  H e n ry Paul's combined gr ind ing  a n d  polishi n g  mach i n e  

will be described this month. Paul's 
description is as follows: 

It is often the desire of the amateur 
to have one machine which alone is 
capable of handling the greatest pos­
sible variety of . optical work. This 
combination grinding and polishing 
machine has very satisfactorily served 
for the past five years in making 
highly varied optics Tanging from 
ordinary f/8 paraboloidal mirrors and 
optical flats to roof prisms and cor­
recting plates for Schmidt cameras. 
The same motor is used to drive both 
grinder and polisher. A separating wall 
in the center of the machine serves to 
keep abrasives from straying over to 
the polishing side. The grinding spindle 
will handle disks up to 12" diameter. 

The sturdy table, 2' wide, 3' long, 
and 3' high, was constructed of \Is" 
hard wood. Drawbolts were used to 
fasten the 31;2" square legs in place. 
Lag screws were also used at key 
points. Thus, joints may be tightened 
and the table kept solid. 

Starting from the motor, a V -belt 
drives a 10" pulley (Figure 2) on the 
%" jack shaft. The latter is sup­
ported in plain-bearing, self-aIining 
hangers. 

On the right-hand end of the same 
jack shaft, by means of a flange, is 
fastened a 10" by 3/8" steel disk, its 
face machined perfectly true and per­
pendicular to the shaft. Here, freedom 
from wobble · affords beautifully smooth 
operation and is worth seeking. The 
disk might well be permanently weld­
ed ' to the shaft and then machined 
true. 

The vertical grinding spindle proper 
was .made from. a saw mandrel having 
standard bronze bearings. Its top end 
has a standard 1" 8-thread (specified 
right-hand) .  The shaft of these sturdy 
mandrels is usually about 1 3/16" in 
diameter. 

For the end-thrust bearing of the 
spindle a thick brass plate, or disk, 
was fastened over the bottom end of 
the lower bearing, and a %" hole was 
drilled or turned just deep enough 
into the lower end of the shaft so that 
it would drop over about three fourths 
of a 1;2" ball bearing. After some 
operation such a ball will wear a 
small, efficient bearing point in the 
brass plate. Lubricate well with a large 
amount of thin cup grease or heavy 
oil. As a simple alternative the end of 
the shaft could itself, if turned to a 
dull-pointed cone, serve as a bearing. 

The 10" faced disk drives a 2" by 
10" pneumatic tire fastened with rim 
cement to a heavy wooden disk turned 
to receive it. Two cast-iron flanges­
one on either side of the disk is best­
were bored to a dose sliding fit on 
the vertical shaft. A small flat area 
was filed from top to bottom of this 
shaft and a 3/8" setscrew from the 
upper flange against this keeps the 
rubber-tired, variable-drive wheel at 
the selected position on the vertical 
shaft. Without the flat area, setscrew 
marks will soon result in a wheel that 
is hard to slide up or down the shaft. 
A knee lever (flat board hinged on 
one side) permits the spindle to be 
stopped almost instantly by hard knee 

A 112 h.p. capacitor type reversible Fig u re 2 :  Same mach i n e  from be low, with jack shaft a n d  spindle 
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�A qpJ ���SCO 
A Popular Illustrated 
Astronomical Monthly 

For amateur astronomers- - new star 
charts, Gleanings for telescope makers, 
page for observers, and celestial pho.tos. 
Star charts for N. and S. Hemispheres. 
$ 2 . 5 0  a year, domestic; $3 .00 in Canada 
and Pan·American Union; $3.50 forei�n. 
Single copy, 25 cents. Sample on request. 

SKY PUBLISHING CORPORATION 
Harvard Observatory, Cambridge 38, Mass. 

TELESCOPE 
MAKERS 

QuaUty materials of t h e  RIGHT kind. 
6'" Kit : - Glass. abrasives. pitch, rouge and 
Instruments . . . . . • • . . . . • . • . . . . . . . . . . • . . .  $5.00 
LENS GRINDERS. pitch, abrasives . . . .  $5.00 
H 0 8B1YG RA FS--I N FO R'MATIO N-I NSP£CTIO'N 

We offer you the benefit of our 26 years of 
experience at this hobby. Free price list. John M. Pierce, 11 Harvard St., Sprmofield, Vt. 

REFLECTING TELESCOPE KITS 
OUR SPECIALTY 

PARABOLIO PYREX MIRRORS Made to Order, 
correctly figured, polished. and parabollzed. Precis. 
workmanship guaranteed. Prices on request. 

WE DO POLISHING. PARABOLIZING. AND 
ALUMINIZING. 

Send for FREE ILLUSTRATED OATALOGUE 

M. CHALFI N 
G.P.O. Box 207, New York, N. Y. 

ALU M I N IZED 
SURFACE HARDENED COATINGS 
Get the BBST. No change; in prices. 

PRECISION PLUS 
ALUMINIZBD DIAGONALS, Rectangular 
pitch polished 8ats, suitable for 4H short focUs 
and �" and 8" lo� focus scopes. 1 0/8 "  X l 'l's" .  

Pnce, Bat to  112 wavelength $2.50 ea. 8at 
to ':4 wavelength $3.50 ea. , 8at to 1 / 1 0  wave­
length $5.00 ea . 

LEROY M .  E. CLAUSING 
5507-5509 Lincoln Ave. Chicago 25, 1 1 1 .  

COMPLETE H IGH-GRADE KITS 
OUR SPEC IALTY 

Each kit has two glass discs 
(correct thickness ) tempered 
pitch, 8 assorted abrasives 
including rouge ( fewer may 
not give perfect optical sur­
face ) ,  instructions, FREE 
ALUMINIZED DIAGON­
AL, etc. 

Mirrors for Cameras, Range Finders 
4", Kit. , $2.95 ( Pyrex, $4.00)  
6" Kit 4.00 ( Pyrex, 5 . 5 0 )  
8 H  Kit , 6 . 5 0  ( Pyrex, 8.00 ) 

1 0 "  Kit , , 1 0. 00 ( Pyrex, 1 5 .0 0 )  
1 2 "  Kit . " , , 1 5 .00 ( Pyrex, 25.00)  

PRISMS 1 'i4" $3.75, 1 Y2 "  $4.50 

A L U M I N I Z I N G  
A harder and brighter aluminum casting that i. 
uniform. and produces a lasting and superior re.-
8ecting surface. Guaranteed not to peel or bli.ter. 

8" . . . . . . . . . . . . . . . . . . . . . . .  $2.50 
8" . . . . . . . . . . . . . . . . . ' . . . . . .  $3.50 

1 0" . . . . . . . . . . . . . . . . . . . . . . .  $5.00 
Mirrors for Cameras, Range Finders 

and other optical instruments. 
Write for FREE ILLUSTRATBD CATALOGt)E 

THE  PRECISION OPTICAL CO. 

382 

1001 East 1 63rd Street 
New York 59, N. Y. 

pressure; a really quick stop may 
"save all." Until the switch is off, the 
tire skids on its driving disk. At the 
point where the shaft passes through 
the bottom of the 24" by 6" heavy­
gage pan is soldered a sleeve I" high 
and about %" larger in diameter than 
the shaft. Under the I" 8-thread hex 
nut, which serves as a shoulder on the 
same shaft, or spindle, is placed a cir­
cular washer of soft aluminum turned 
down at the edges. This effectively 
keeps water and abrasive out of the 
bearing. Warning: Put a high-water 
mark on the pan. A drain plug ' also 
would be handy. 

The hand lever, or pin bar, should 
be at least 9/16" or %" in diameter. 
A lh" shaft hanger permits universal 
motion at· the attached end. Three 
cables, the third permitting a re­
versing switch (very handy to run 
laps off their thread) run along this 
bar (a tubular pin bar with the cables 
inside would be neater and easier to 
clean) to the on, off, and reverse 
switch fastened within reach of the 
thumb at the hand grip. A bicycle 
handlebar grip is good here. The best 
clamp I have found for holding the 
central pin on the bar was made from 
a Castaloy laboratory clamp (the 
former No. 20195, now No. 5-766, 
Eimer and Amend, 633 Greenwich St., 
New York, N. Y.) . Ordinary cast-iron 
clamps break easily (goodbye mirror) , 
while a solid support cannot be easily 
removed for cleaning. 

The head plates for attachment of 
the mirror lenses were made by 
brazing I" 8-thread hex nuts to 'Y4" 
or %" thick disks. 

Speeds of this grinding head may 
be varied from 0 to about 400 r.p .m . 
The operation is smooth and quiet. 
Ordinary dry soap applied to the tire 
stops any tendency to squeak. 

End of Henry Paul's description 
of his grinding spindle. Next month 
he will describe the successful and 
nearly unique polishing part of his 
combination machine, with the mirror 
rotating constantly in an edgewise 
position in a bath of rouge water, and 
working while you sleep. 

ATTENTIVE readers will recall that 
in the November number Driscoll 

urged not exceeding a spindle speed 
of 200 r.p.m., warning, "Faster, disas­
ter." They may therefore ask how 
Henry Paul gets away with double 
that speed (quadrupled centrifugal 
force) . For one thing, his is an espe­
cially well balanced machine. For an­
other, its user is especially well pro­
tected by a thick splash pan turned 
over a heavy ring. And the 400 r.p.m. 
is, anyway, only its outside speed, sel­
dom attempted. Just exactly what hap­
pens by way of disaster? Unpredict­
able. Asked whether he had ever lost 
control of a rnkror Paul replied, "Yes, 
one flew off and put a dent in the pan 
but luckily did not chip the mirror, 
or me." An 8" mirror at 400 r.p.m. 
represents a peripheral speed of about 
10 miles an hour and might only knock 
the wind out of the recipient. Yet who, 
except the indestructible Popeye, w6uld 
choose to be hit by stich a slug? 
"Reasonably safe speeds," Paul com-

ments in a letter, "go up to about 400 
edge feet per ' minute, corresponding 
to 150 r.p.m. for a 10" mirror, 200 
r.p.m. for an 8", 259 r.p.m. for a 6" ." 

Leo J. Scanlon of Pittsburgh, who 
also has used the hand-lever type of 
machine, reports that "while grinding 
does proceed at a rate proportional to 
the pressure applied, speed of rotation, 
and amount of overhang, and there 
is a strong temptation to speed up the 
machine, high speeds throw off the 
abrasive wastefully. Also, seizure, if it 
occurs, takes place so quickly as to 
end in disaster if the grinding sur­
face becomes dry or warm. It is also," 

he continues, "a delicate venture to 
entrust the mirror, in the last stage 
of fine grinding, to a rotating tool, 
though ' I  have done it frequently. 
Usually in this last stage and ,one or 
two preceding it I do not use the 
pivot pin but hold the mirror in my 
hands, with my foot on the, motor 
switch. (Paul too states that he grinds 
the last ten minutes by hand with 
mirror at 5 r.p.m.-Ed.) I also try 
always to avoid passing . the mirror 
over the center of the tool, since that 
favors seizing, especially if the mir­
ror is not yet spherical. Incidentally, 
we always try to finish a mirror in 
fine grinding with a slightly raised 
center. It then is easy to get a sphere 
by polishing." 

Scanlon mentioned, above, the ef­
fect of centrifugal force in throwing 
off the abrasive. Here Paul comments, 
"Increasing the viscosity of the water 
used will retard centrifuging off the 
abrasive before it is broken down, and 
therefore will decrease grinding time. 
To accomplish this, household gelatin 
may be used, or 'Metamucil-2,' a drug­
store powder which may be stirred 
into the water until the desired viscosi­
ty is reached. But this thickening of 
the grinding water is recomm�nded 
only for the hogging out part of pro­
ducing deep curves such as f/0.6 to f/2, 
where working times of 50 to 100 
hours have been reported. Here the 
worker will soon speed up his machine 
to hurry the job along. Thickening of 
grinding water offers no advantage at 
slow speeds and should not be done 
with fine abrasives at any speed. On 
shallow curves it Is not worth the 
bother, as these work out in a very 
short time on the vertical spindle. In 
general, the hand-lever machine re­
quires more skill to obtain much faster 
results than other types of machines." 

Apropos, not of machines but of Paul, 
is a distinct contribution of ·his to 
the art of rough figuring by . fine grind­
ing of aspherical surfaces such as 
Schmidt corrector plates. "My luckiest 
find," he says, "is the use of the 
round, thin, microcope cover glass held 
doWn and moved about by the finger 
and used on the rotating disk just as 
the thumb is sometimes used in zonal 
figuring .polishing. Such -cover glasses 
are from lh" to %" in diameter and 
only 0.002" to 0.005" thick and are 
therefore flexible under the finger." 
This method might prove applicable 
when rough figuring mirrors of such 
depth of curve that the greater part 
of the parabolizing is preferably done 
in grinding . 
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Loss . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  46 
Protection . . . . . . . . . . . . . .  . . . . . . . . . .  49, 3 48 

Countersink . . .  . . . . . . . . . . . . . . . . . .  . . . . . .  3 74 
Crystals, silvered . . . . . . . . . . . . . . . . . . 92 
Cutting, arc-oxygen . .  . . . . . . . . . . . . . . 1 8 1  
Cutting oil comes back . . . . . . . . . . . . . . 1 5 1  

- D -

DDT troubles . . . . . . . . . . . . . . . . . . . . . . . . .  286 
Defrosting by electronics . . . . . . . . . . . . . . 2 
Die grinder, air cooled . . . . . . . . . . . . . . . . . .  3 70 

Dies: 
Changing . . . . . . . . . . . . . . . . . . . . . . . .  ' "  3 1 2 
Stamping . . . . . . . . . . . . . . . . . . . . . . . . .  ' .  1 2 1  

Diesel fuel . . . . . . . . . . . . . . . . . . . . . . . " 309, 358 
Dimpling, aluminum . . . . . . . . . . . . . . . . . . . . 5 6  
Distiller's grains, feed from . . . . . . . . . . .  3 4 8  
Distortion, welding . . . . . . . . . . .  . 20, 2 18, 344 
Dovetails .. automatically produced . . . . . . . .  1 79 
Drawing, deep . . • . . . . . . . . . . . . . . . . .  . . . . .  1 0 1  
Drill, side handle . . . . .  . . . . . . . . . . . . . . . . . . 56 
Dusting, electronic . . . . . . . . . . . . . . . . . . . . . 2 

- E -

Ear plup . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
Electric meters . . . . . . . . . . . . . . . . . . . . . . . . • 
Electricity on the farm . . . . . . . . . . . .  . 

Electronics: 
Afloat • . . . . . . . . . . . . . . . . . . . . . . . . . . .  , . 

Bal1 sorter . . . . . . . . . . . . . . . . . . . . . . . . . .  . 

Control in the air . . . . . . . . . . . . . . . . . . .  . 

Defrosting by . . . . . . . . . . . . . . . . . . . . . . .  . 

Dusting . • . . . • . . . . . . . . . . . . . . . . . . . .  , 

Economics of . • . . . . . . . . . . . . . . . . .  . . .  . 

Food proceaainl . . . . . . . . . . . . . . . . . . . . .  . 
Gla .. and • . . • • • . . . . . . . . . . . . . . . . . . . . .  

Metal stitching control . . . . . . . . . . . . . . .  . 

Molten metal pouring, control1ed . . . . . .  . 

On the road • • • • . . . . . . . . . . . . . . . . . .  

Pipe finder • . . . . . . . . . . . . . . . . . .  

Piston ring gaging . . . . . . . .  . 

Pre-heat control . . . . . . .  . 

Razor blade inspection . .  

158 
1 1 5  
196 

2 2 2  
3 5 1  

2 6  
2 
2 

349 
2 4 1  
1 6 5  
2 8 0  
167 

90 
167 

92 
86 

2 80 
Refinery . . • . . . . . . . . . . .  

Solution control . . . . . . . 

. . . . . . . . . . .  2 78 
. . . . . . . . . .  280 

Steel-to-g1a .. scal . . . . . .  . . . .  165, 168, 366 

Engineering: 
Lost wax at work . . . . . . . . . . . . . . . . . . .  . 

Machine tool magic . . . . . . . . . . . . . . . . .  . 

Noise, importance of . .  . 
Precision quenching .  

Engines : 
Aircraft, selecting . . . . 

Detector . . •  ' . . . . . . .  . 

Gas-Diesel . . . . . . . . .  . 
Light . • . . . . . . . .. . . . . . . . . . . . . . . . .  
Liquid cooled aircraft . . . . . . . .  . 

Two-cycle . • . . . . . . . . . . . . . .  

Europe by air . . . . . . . . . . . . . .  , 
Export packaging . . . . . . . . . .  . 
Eyesight, better . .. . . . . . . . . .  . 

- F -

334 
79 
18 

2 74 

47 
5 5  

1 0 8  
358 
354 
354 

2 2 8  
2 1 4  
1 0 6  

Fabric fires . . . . . . . . . . . . . . . 367 
Facsimile transmission . . . . . . . . . . 132 

Farms: 
Alcohol from . . . . . . . . . . . . . . . . . . . 98 
Electricity on . . . . . . . . . . . . . . . . . . . 196 

Feathers, saving . . . . . . . . . . . . . . . . . 244 
Fertilizer from plastics plant waste . 1 1 7  
Fibers, scorched, revived . . . . . .  . . . . 305 
File, lathe • . • . . . . . . . . . • • . . . . . . . .  , . . . . 308 
Film width, measuring . . . . . . . . . . . . . . . .  " 280 
Filter cleaner . . . . . . . . . . . . . . . . . . . . . . . . . . 54 
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Finishing: 
Metal parts, fast . . . . . . . . . . . . . . . . . . . . .  1 10 
Two-color finishes . . . . . . . . . . . . . . . . . ' "  368 

Fire: 
Alarm . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  154 
Escape, steel . . . • . . . . . . . . . . . . . . . . . . . . . 186 
Extinguisher valve . . . . . . . . . . . . . . . . . . .  1 83 
Extinguishers, bus . . . . . . . . . . . . . . . . . .  " 244 
Fabric . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  367 

Fire-proof gasoline . . . . . • • • . . . . . . . . . . . . .  176 
Fixtures, air-operated . . . . . . . . . . . . . . . . . " 368 
Float valve . . . . . . . . . . . . . . . . . . . . . . . .  . . . .  1 1 5  
Flaring, double . .  • . . .  . . . .  . . . . . . . . . . . . . . 50 
Fluorescent lamp housing, plastics . . . . . . .  3 1 1  
Food processing, electronic . . . . . . . . . . . . . .  2 4 1  
Force measurement . . . . . . . . . . . . . . . . . . . . .  242 
Forging furnace . . . . . . . . . . . . . . . . . . . . . . . .  245 
Forming pad . . . . . . . . . . . . . . . . . . . . .  . . . . . 2 4 2 
Fungi detection . . . . . . . . . . . . . . . . . . . . . . . .  286 
Fungicide, mercury . . . . . . . . . . . . . . . . . . .  " 1 64 
Furnace, b�ch . . . . . . . . . . . . . . . . . . . . . . . .  180 
Furniture, plastics in . . . . . . . . . . . . . . . . . 296 

- G -
Gage : 

Blocks, carbide . . .  . . . . . . . . . . . . . . . . . . .  3 72 
Plug . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 14 
Roughness . . . . . . . . . .  . . . . . . . . . . . . . . . . 1 1 9 

Gas : 
Helium . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 364 
In bottles . . . . . . . . . . . . . . . . . . . . . . . . . . . 29 
Packing • . • . . . . . . . . . . . . . . . . . . . . . . . .  " 306 

Gas-Diesel �gine • . . . . . . . . . . . . . . . . . . .  " 108 

Gas tUrbine: 
Fuel for jets . . • . . . . .  . . . . . . . . . . . . . . . .  162 
Loc��o.tiye . . . . . . . . . . . . . . . . . . . . . , . . . .  109 
P08slbiitties . . . . . . .  , , . . . . . . . . . . . . . . . . . 159 

Gasoline, fire·proof . . . . . . . . . . . . . . . . . . . . .  1 76 

Glass : 
Electronics and . . . . . . . . . . . . . . . . . . . . . . 165 
Hangars . . . . . . . . . . . . , . .  . . .  . . .  . . . . . • •  1 1 2  
Mats . . . . . . . . . . . . . . . .  , . . . . . . . . . . . . . .  180 
Metal col1aboration . . . . . . . . .  " 165,  1 68, 3 66 
Solarization . . . . . . . . . . . . . . . . . . . . . . . " 174 

Gloves, compar . . . . . . . . . . . . . . . . . . . . . . . .  3 10 
Glycols, useful . . . . . . . . . . . . . . . . . . . . . . . . . 43 
Grade crossings, prefabricated . . 1 1 6  
Greenhouse lamps . . . . . . . . . . . . . 1 7 7  

- H -

Hangars, glas. . . . . . . . . . . . . . . . . . . . . . . . . . 1 1 2  
Hardness tester . . . . . . . . . . .  . . . . . . . . . . . .  242 
Heels, plastics • . . . . . . .  , . . . . . . . . . . . . . . . . 24 

H�!iw:n: 
. . I I  MIghtIest nothlDg . . . . . . . . . . . . . . . . . . 3 6 4  

Tracer gas . . . . . . . . . . . . . . . . . . . . . . . . . . .  2 2 7  

Hermetic sealing . . . . . . . . . . . . . . . . . . . . . . 5 4  

Highway transportation : 
Motor cars tomorrow . . . . . . . . . . . . . . . . 234 
Petroleum pavements . . . . . . . . . .  . . . . .  . . 8 7  
Power brakes . . . • . . . . . . . . . . . . . . . . .  ' . .  3 5 5  

Hose, metallic . . . . . . . . . . . . . . . . . . . . . . . . . 5 5  
Hospital, all-welded . . . . . . . . . . . . . . . . . . . . 48 
Hydraulic tester . • . . . . . . . . . . . . . . . . . . . . .  3 74 

- 1 -

Induction heating . . . . . . . . . . . . . . . . . . . . . . 49 
Infra-red in industry . . . . . . . . . . . . . . . . . . . 4 0  
Ink, wiring with . . . . . . . . . . . . . . . . . . . . . . .  2 1 6  

Insecticide: 
DDT troubles . . . . . . . . . . . . . . . . . . . . . . .  286 
Pepper alkaloid in . . . . . . . . . . . . . . . . . . . . 164 
Synthetic . . . .  • . . . .  . .  . . .  . .  . . . .  . .  . .  . 50 

Insulation, liquid, PiB . . . . . . .  . 
Irrigation, plastics tubes . . . . . . . . . . . . . . . . 

- J -

1 1 2  
185 

"Jeep" post-war . . . . . . . . . . . . . . . . . . . . . . . 102 

Jet propulsion : 
Fastest flight . . . . . . . . . . . . . . . . . . . . . . . . 9 5  
Fuels for . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 6 2  

- L -

Labeling, safer chemicals . . . . . . . . . . . . . . . . 
Lamps, greenhouse . . . . . . . . . . . . . . . . . . . .  . 
Lathe : 

Bench . . . . . . • . . . . . . . . . . . . . . . . . . . .  

File . . . . . . . . . . . . . . . . . . . . . . . . . .  . 

Layouts, plant, scale model . . . . . . . . . . . . .  . 

Lens : 
., 48-inch photographic . . . . . . . . . . . . . . . .  . 
'"' Magnifying . . . . . . . . . . . . . . . . . . . . . . .  . 

Lightning arrester, plastics cover . . . . . . . .  . 

Linear actuators . . . . . . . . . . . . . . . . . . . . . 

Lithium, servant metal . . .  
Locomotives: 

286 
1 7 7  

3 7 6  
3 0 8  

20 

5 0  
3 1 1  

1 1 2  
53 

290 

Gas-turbine . • • • . . . . . . . . . . . . . . . . . . .  " 109 
Turbine . . . . . . . . . . . . ' . . . . . . . . . . . .  1 71.  1 73 

Lost wax at work . . . . . . . . . . . . . . . . . . . . . .  334 
Loupe, plastics frame . . . . . . . . . . . . . . . . . . .  3 13 

Lubricants: 
Aircraft lubricating ,  . .  89 

383 



Water . . . . . . . . . . . . • . . . . . . . . . . . . . . . . .  
Lubrication, portable�unit . . . . . . . . . . . . . . . 

- M -

8 2  
1 1 7  

Machine tool magic . . . . . . . . . . . . . . . . . . . . 79 
Machining plastics . . .  . . . . . . . . . . . . . . . . . .  2 1 6  
Magnesium : 

Alloys as fire hazards . . . . . . . . . . . . . . . . .  344 
Possibilities . . . . . . . . . . . . . . . . . . . . . . . . . .  258 
Pumping . . . . . . . . . . . . . . . . . . . . . . . . . . . .  2 9 2  

Magnetic alloy . . . . . . . . . . . . . . . . . . . . . . . . .  1 0 1  
Magnetochemistry . . . . . . . . . . . . . . . . . . .  " 1 0 7  
Magnets, permanent . . . . . . . . . . . . . . . . . . .  3 6  
Markert electric . . . . . . . . . . . . . . . . . . . . . . . . 182 
Marking pot . . . . . . . . . . . . . . . . . . . . . . . . . . .  3 1 0 
Mats, glass . . . . . . . . . . . . . . . . . . . . . . . . . .  " 180 
Measurement, force . . . . . . . . . . . . . . . . . . . .  242 
Megatherm, detachable oven . . . . . . . . . . . .  1 1 8  
Mercury fungicide . . . . . . . . . . . . . . . . . . . . . .  164 
Metal powders, post-war use . . . . . . . . . . . . 1 0 1  
Metallit hose . . . . . . . . . . . . . . . . . . . . . . . . . . 5 5  
Metals i n  industry : 

Aluminum bearings . . . . . . . . . . . . . . . . . . .  1 7 0  
Blackened stainless . . . . . . . . . . . . . . . . . . .  1 7 0  
Glass-metal collaboration . . . . . .  1 6 5 ,  168, 366 
Lithium, servant metal . . . . . . . . . . . . . . .  290 
Molten, po uring controlled . . . . . . . . . . . .  1 6 7  
Permanent magnets . . . . . . . . . . . . . . . . . . 3 6  
Powder metallurgy . . . . . . . . . . . . . . . . . . . 9 9  
Preplated . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 70 
Two-in-one materials . . . . . . . . . . . . . . . . .  342 

Meters, electric . . . . . . . . . . . . . . . . . . . . . . . .  1 1 5  
Microscopes, shop . . . . . . . . . . . . . . . . . . . . . .  248 
Milling c utters . . . . . . . . . . . . . . . . . . . . . . . . .  220 
Models, plant layouts . . . . . . . . . . . . . . . . . . . 2 0  
Motion study . . . . . . . . . . . . . . . . . . . . . . . . . . 2 
Motor cars tomorrow . . . . . . . . . . . . . . . . . . .  234 

- 0 -

Oil, see Petroleum. 
Oil refining, economics of . . . . . . . . .  . 
Oxygen tents, plastics . . . . . .  . 

- P -

Packaging : 

89 
296 

Coal . . . . . . . .  . . .  . . . . . . .  . . . . . . .  54 
Export . . . . . .  . . .  . . . . . . . . . . . . .  2 1 4  
Pre-packaging . . . . . . 2 

Paint : 
Fire-repellent . . . . . . 1 1 6  
O n  aluminum . . . . . . . . . .  1 1 2  
Protecting . . . . . . . . . . . . . . . . . . . . 244 
Shaker, 50-gallon . . . . . . . . . . . . . . 5 2  
Two-color finish . . . . . . . . . . . 368 

Parallel lines, drawing . . . . . . . . . . . . . . 244 
Patent Council, National . . . . . . . 3 2 2  
Patents: 

Licensing . • . . • • • . • . . . . . . . . . . . . . . . . . . 66 
War-stymied . . . . . . . . . . . .  . . . . . . . .  . 66 

Pavements, petroleum . . . . . . . . . . . . . . . . . . 8 7  
Pen, ball bearing . • • . . . . . . . . . . . .  . . . . . . . .  1 14 
Penicillin : 

Administered by mouth . . . . . . . . . . . .  ; . .  286 
Production . . . . • . . . . . . . . . . . . . . . . . . . . .  286 

Pepper alkaloid, in insecticides . . . . . . . . . . . 1 64 
Petroleum: 

Gas in bottles . . . . . . . . . . . . . . . . . . . . . . .  . 
In plastics processing . . . . . . . . . . . . . . . 
More»il from wells . . . . . . . . . . . . . . . . . .  . 
Oil exports . . . . . . . . . . . . . . . . . . . . . . . . .  . 
Oil for ships' turbines . . . . . . . . . . . . . . . .  . 
Oil quenching . . . . . . . . . . . . . . . . . . . . . . .  . 
Oil resources . . . . . . . . .  . . . . . . . . . . . . . .  . 
Oil rush . . . . . . . • . . . . . . . . . . . . . . . . . . . . .  
Pavements . . • . . . . . . 
Raw materials in . . . . .  , . . . . . . . . . . . . . . . 
Refinery electronics . .  ' . . . . . . . . . . . . . . . .  . 
SCientific searching . . . . . . . .  . 
Weed killing spray . . . . . . . .  . 

Photo dryer . . . . . . . . . . . . . . . . .  . 
Photometer . . . . . . . . . . . . .  . 
Pins, self-locking . . . . . . .  . 
Pipe finder, electronic . . . .  . 
Piston rings, quick gaging . 
Plastics: 

29 
. 294 
360 

89 
2 2 5 
1 5 4  
2 2 7  
2 5 8  

8 7  
2 2 7  
2 78 

3 1  
3 63 
1 2 0  
1 1 3 
309 
1 6 7  

9 2  

Automotive . . . . . . . . . . . 83 
Better heating . . . . . . . . . . . . . . . . . . . 2 2  
Cable speed increased by . . . . . . . . . . . 348 
Coatings . . . . . . . . . . . . . . . . . . . . . . . . .  5 0 ,  2 1 2  
Colored connectors . . . . . . . . 24 
Combined with fabrics . . . . . . . . . . . 1 2 0  
Compacts . . . . . . . . . . . . . . . . . . . . . . 296 
Fluorescent lamp hou.ing . . . 3 1 1  
Furniture use o f  . . . . . . . . . . . . . . 2 9 6  
Heels . . .  . . . . . . . . . . . . . . . . . . . . .  24 
Insulated flexible cord . . . . . . . . . . 3 7 5  
Irrigation tubes . . . . . . . . . . . . . . . . 185 
Laminated . . . . . . . . . . . . . . . . . . . . . . .  ISS, 307 
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Molded wood'. . . . . . . . . . . . . . . . .  . . . . . . .  2 1 2  
Oxygen tents . . . . . . . . . . . . . . . . . . . . . . . .  296 
Petroleum in plastics processing . . . . . . . .  294 
Plates, gummed . . . . . . . . . . . . . . . . . . . . . .  242 
Tape, thermoplastic . . . . . . . . . 3 7 0  
Transparent . . .  . . .  . .  . .  . . . . . 86 
Two·in-one materials . . . 3 4 2  
Ventilating ducts . . . . . . . . . . . . . . . . . . . . . 2 4  
Wood finish . . . . . . .  . . .  . . . . . . . . . .  3 2 2  

yarn . . • . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Your home in . . . . . . . . . . . . . . . . . . . . . . .  . 
Plug gages . • . . . . . . . . . . . . . . . . . . . . . . . . . .  
Plywood : 

Radio masts . . . . . . . . . . . . . . . . . . . . . . . .  . 
Semi tized . • . . . . . . . . . . . . . . . . . . . . . . . . .  

1 78 
338 
1 1 4 

86 
1 1 0 

Polarizer . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  233 
Powder metallurgy: 

Miracle or mirage? . . . . . . . . . . . . . . . . . . . 99 
Press . . . . . . . . . . . . . . . . . . .  . . . . . . . .  . . . . 1 1 4  
Tungsten broadens use . . . . . . . . . . . . . . . .  1 7 7  

Power: 
Atomic . . . . . . . . .  . . . . . .  . .  238, 284, 3 2 2  
Brakes . . . . . . .  . . . . . .  3 5 5  
Plants : 

On wheels . . . . . . . . . . . . . . . . . . . . . . . . .  3 2  
Packaged . . . . . . . . . . . . . . . . . . . . . . . . . 196 

Trains . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  46 
Precision quenching . . . . . . . . . . . . . . . . . . . .  2 7 4  
Pre-heat controlled electronically . . . . . . . . . 86 
Pre-packaging . . . . . • . . . . . . . . . . . . . . .  . . . . 2 
Pre-plated metals . . . . . . . . . . . . . . . . . . . . . .  1 7 0  
Press:  

High speed . . . . . . . . . . . . . . . . . . . . . . . . . .  1 1 7  
Powder-metals . . . . . . . . .  . . . . . . . . . . .  . . .  1 1 4  
Punch . . . . .  , . . .  . .  . . . . . . . . . . . . . . . . .  308 

Pressure: 
Foot, drill guide . . . . .  . .  . .  . .  . . . . 3 75 
Switch . . . . . . .  . .  . . . . . .  . . 1 2 2  

Print machine . . . . . . . . . . . . 3 0 7  
Protein recovered . . . . . . . . . 43 
Pumps : 

Portable . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 
Vacuum . . . . . . . . . . . . . . . .  . 

5 4  
5 0  

Punch press . . . . . . . . . . . . . . . . . . . .  . . . . . .  308 
Pyrometer, plastics encased . . . . . 1 1 8 

- Q -

Quenching, precision . . . . . .  ' . ' . . . . . . . . . . .  . 2 7 4  

- R -

Radar, marine . . . . . . . . . . . . . . . . . 2 2 4  
Radio:  

FM converters . . . . . . . . 1 13 
FM receiver . . . . . . . . .  1 7 7  
Interference reduced . . . 1 1 1  
Masts . . . .. . . . . . . . . . .  . . . . . . . . . . .  86 
Proximity fuze . . . . . . . . . . . . . . . . . . . . . . .  3 2 2  
Railroad . . . . . . . . . . . . . . . . . . . 3 0 0  
Transmitter uses 8 channels . . . . . . . . . . .  1 0 6  
Which modulation? . . . . . . . . . . . . . . . . . . . 2 

Railroad : 
Cabin-car . . • . . . . . . . . . . . . . . . . . . . . . .  " 3 0 4  
C a r  springs . . . . . . . . . . . . . . . . . . . . . . . . . . 3 4  
Chasing water pockets . . . . . . . . . . . . . . . .  2 9 8  
Dragging equipment on . . . . . . . . . . . . . . .  3 0 0  
Power plants o n  wheels . . . . . . . . . . . . . .  . 3 2  
Power trains . . . . . . . . . . . . . . . . . . . . . . . . . 46 
Radio . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  300 
Research . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3 4  
Turbine locomotives . . . . . . . . . . . . . . .  109,  1 73 
Turbines on rails . . . . . . . . . . . . . . . . . . . . .  1 7 1  

Rat killer . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  286 
Razor bades, inspected by photocells . . . . . .  280 
Reconversion: 

Research and . . . . . . . . . . . . . . . . . . . . . . . . 66 
Steel . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . . . .  292 

Rectifiers, selenium . . . . . . . . . . . . . . . . . . . . . 1 1 0  
Research: 

Expanding, predicted . . . . . . . . . . . . . . . . .  303 
For small business . . . . . . . . . . . . . . . . . . . .  346 
Improving on . . . . . . . . . . . . . . . . . . . . . . . . 66 
Railroad . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3 4  
Reconversion and . . . . . . . . . . . . . . . . . . . . 66 
Tomorrow . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 3 2  

Resin adhesive . . . .  '. . . . . . . . . . . . . . . . . . . . .  1 1 0  
Resistor, bank-type . . . . . . . . . . . . . . . . . . . .  249 

. Rivet gun . . . . . . . . . . . . . . . . . . . . . . . . .  '. ' . .  1 2 2  
Rubber : 

Conductive . . . . . . . . . .  . .  . . . . . . . . . .  . . . .  1 2 1  
Stencil . . . . . . . . . . . . . . . . . . . . . . 1 1 8  
Synthetic : 

Automotive . 96 
Tires, biggest . . . 1 1 2  

Trac)<:s . . . . . . . . . . . . . . . . .  108 

- S -

Safety: 
Clothing . . . . . . .. . . .  . 
Plug . . . . . . . . . . . . . .  . 

5 1  
245 

Sawdust, board from . . . . . .  3 2 2  
Scrap recovery, chemical . . . . . . 1 6 1  
Sealing: 

Hermetic . . . . . . . . . . . . . . . . . . . . . . . . . 54 
Steel-to-glass . . . . . . . . . . . . . . . . .  1 6 5 ,  1 68, 366 
Unit . . . . . . .  . . . . . . . . . . .  . . . . . . . . . .  340 

Shear, electric . . . . . . . . . . . . . . . . . . . . . . . .  . 
Ships : 

Oil for turbines . . '. . . . . . . .  
Pastics take to the water . 
Welding wins . . . . . . . . . . . .  . 

1 2 0  

2 2 5  
2 1 0 
2 1 8 

Silicone, elastic . .  �. . . . . . . . . 368 
Silvered crystals . . . . . . . . . . . . . . . . . . . . . . . 9 2  
Sky-hook television . . . . . . . . . . . . . . . . . . . .  196 
Smoke stack, steel . . . . . . . 1 2 0  
Smokeless cities . . . . . . . . . . . . 2 5 8  
Sodium methylate . . . . . . . . . 3 0 2  
Solarization of glass . . . . . . . . 1 7 4  
Soldering stand . .  . . . . . . . .  3 0 6  
Solution control, electronic .  . . . . . . . . . . . . .  280 

Sorter : 
Ball . . . . . . . . . . . . . . . . . . .  . 
Metal . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 

Specific gravity determination . . . . . . . . . .  . 
Splined nut . . . . . . . . . . . . .  . 
Sprayer, alloy . . . . . .  . 
Stainless steels : 

Blackened . _ . . . . .  . 
Curved tanks . .  
Sutures . . . . . . . .  . 

Stamping dies . . . . . .  . 
Steam cleaning . . . .  . 
Steel : 

Alloy, future of . . . . . . . . . . . . . . . . . . . . .  . 
Fire escape . . . . . . .  . 
Reconversion . . . .  . 
Smoke stack . . . . .  . 

3 5 1  
3 7 2  
286 
1 1 0  
2 4 7  

1 7 0  
3 7 0  
2 2 0  
1 2 1  
1 7 8  

2 9 2  
1 8 6  
2 9 2  
1 2 0  

Stencil, rubber . . . . . . . . . . . . . . . . .  , . . . . 1 1 8  
Stiffening metal sheets . . . . . . . . . . . .  2 76 
Stitching, metal . . . .  . .  . . .  . . . . . . . . . . . . . .  2 8 0  
Struts, hollow . . . . .  . . . .. . . . . . . . . . . . . . . .  184 
Styrene patterns, melting . . . . . . . . . . . . . . .  3 5 1  
Sun glasses, gradient-density . . . . . . . . . . . . .  3 7 1  
Sunlamp . . . . . . . . . . . . . 86,  1 1 4  
Supercharger, small . . . . . . . . . . . . . . . . . . . . .  2 3 0  
Supercharging used on gas engines . . . . . . . .  1 1 1  
Surfacer . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . 1 1 9  
Sutures, stainless steel . . . . . . . . . . . . . . . . . .  2 2 0  
Sweeper, power . . . . . . . . . . . . . . 3 76 
Switch, pressure . . . . . . . . . . . . . . . . . . . . . . . .  1 2 2  

- T -
Tablet maker . . . . . . . . . . . . . . 2 5 0  
Tanks, curved stainless steel . . . . . . . . . . . .  3 7 0  
Tape, thermoplastic . . . . . . . . . . . . . . . . . . . .  3 7 0  
Television : 

From airplanes . . . . . . . . . . . . . . . . . . . . .  " 1 9 6  
Receivers, cost . . . . . . . . . . . . . . . . . . . . . . .  3 2 2  

Tension vibrator . . . . . . . . . . . . . . . . . . . . . . .  1 7 6  
Tent cloth, synthetic . . . . . . . . . . . . . . . . . . .  1 0 8  
Tester : 

Hardness . . . . . . . .  . 
Hydraulic . . . .  ' . . .  . 

Timer, millisecond . . . . . . . . . . . . . . . . . . . . .  . 
Tires, biggest . . . . . . . . . . . . . . . . . . . . . . . . .  . 
Tool blanks . . . . . . . .  . . . . . . . . . . . . . . . .  . 
Torpedo recovery . . .  . 
Tower, triangular . . .  . 
Towing handle . . . . .  . 
Transoceanic travel . .  . 
Trucks : 

Hand . . . . . .  . . . . . . . . . . . . . . .  . 
Operation simplified . . . . . . . . . . . . . . . . .  . 

Tungsten, broadens use . . . . . . . . . . . . . . . .  . 
Turbines : 

2 4 2  
3 74 
3 5 1  
1 1 2  

5 3  
2 8 6  
2 4 6  
3 7 1  
1 9 6  

1 1 5  
1 8 0  
1 7 7  

Locomotives . . . . . . . . . .  . 1 09, 1 73 
On rails . . . . . . .  . . . . . . . . . . . . .  1 7 1  

- U -

Upholstery material . . . . . . . . . . . . . . . . . . . .  340 

- V -
Vacuum : 

Casting . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 
Pump . . . . . . . . . .  . 

Valve : 
Extinguisher . . . . . . . . . . . . . . . . . . . . . . . .  . 
�acing . � . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 
Float . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 

Ventilating d ucts . . . . . . . . . . . . . . . . . . . . . .  . 
Vibration located by electronic pick-up . .  . 
Vibrator, tension . . . . . . . . . . . . . . . . . . . . . . .  . 
Vise, speed . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 
Visibility, stripes for . . . . . . . . . . . . . . . . . . .  . 
Voltammeter, new . . . . . . . . . . . . . . . . . . . . .  . 

- W -
War trends, aerial . . . . . .  
Water : 

Lubricant . . . . . . . . . . . . . . . . . . . . . . . . . .  . 
Marine boiler problem . . . . . . . . . . . . . . .  . 
Pockets in railroad tracks . . . . . . . . . . . .  . 

Weather machine . . . . . . . . . . . . . . . . . . . . .  . 
Weed killing petroleum spray . . . . . . . . . .  . 
Welding : 

All-welded hospital . .  
Arc, buckled-plates . .  
Distortion . . . . . . . . .  . 
Electrode . . . . . . . . .  . 
Flux . . . . . . . . . . . . . .  . 
Hazards . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 
Production . . . . . . . . . . . . . . . . . . . . . . . . .  . 
Resistance, reduces air drag on plane . .  . 
Seams, automatic . . . . . . . . . . . . . . . . . . .  . 
Ship . . . . . . . . . . . . . .  , . . .  . 
Shock eliminated . . . .  . 

Wiring: 
Kit . . . . . . . . . . . .  . 
With ink . . . . . .  . 

Wood : 
Acid-proof . . . . . .  . 
Finish, plastics . .  
Hardness testing . 
Molded . . . . . . .  . 

Wrench, impact . .  . 
- x -

X-ray, analysis by . . . . . . . . . . . . . . . . . . . . .  . 
- y -

Yarn, plastics . . . . .  

1 0 1  
5 0  

1 8 3  
2 2 0  
1 15 

2 4  
1 6 7  
1 76 
1 8 2  
1 1 2  
1 8 5  

2 8 3  

8 2  
23 1 
2 9 8  

48 
3 63 

48 
2 0  

3 4 4  
2 4 9  
2 5 0  
3 4 4  
369 
1 1 9  
1 78 
2 1 8  
1 8 1  

5 5  
2 1 6  

3 0 6  
3 2 2  

8 2  
2 1 2  
308 

233 

1 78 
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Here's the Insjde StortI on Coming New 

Radio-Phonographs 
. .. .. . . . . .. . . ..  iii .. .. .. .. .. . . .. .. . .. .. . .. . .. .. .. . .. . . . .  '" . .. .. .. .. .. .. . .. .. .. .. .. .. .. .. . . . . . .. . . . . . . . . . . .. . .. .. .. .. .. .. . .. .. . . .. . .. .. .. .. . . .. . . .. .. . . .. .. ..  . 

Goodbye scratch and rattle. A revolu­
tionary Zeni th Radionic development 

will bring out hidden beauty never 

heard in records before-miraculously 

free from surface noise and scratch. It 
will give records 1 0  times their former 

playing life, too ! And only Zenith will 
have it! 

Be your own music master with Zenith's 

new, improved Radiorgan. Over 64 
tonal combinatiDns at your fingertips. 
Like a master-musician you'll blend 

radio, or record or F-M music to your 

own taste . . . bring out gorgeous pas­
sages and shadings the way you want 

them. 

No painful pauses between records, so 
disturbing to listeners. New Zenith 
record-changers will be lightning fast, 
amazingly simple, utterly safe for 
records. Quiet, too - no annoying 
mechanical noises and clicks. You'll 
say there's a touch of genius in Zenith 
engineering . 

5. 

Plenty of storage space for records in 
corning new Zeniths. No more stack­

ing favorite records and albums in 

dust-catching piles. They'll be safe, 

easy to reach in beautiful cabinets, 

with flat tops you never need to lift. 

Z e n i t h  d e s i g n e r s  h a v e  w o r k e d  
wonders. 

Y. 

No more groping around in a dark well 
to load record-changers. Zenith will 

have no trays or drawers to slide out , 

yet Z enith player units will glide 

silently into full view, completely 

accessible- then glide back into the 

cabinet o u t  of sight ! I t's another 
Zenith exclusive! 

�=- ��. � . .  � . .  � . .  � . . � . . 

Naturally Zenith Will Be a Step Ahead Be . cause Zenith Concentrates on 

RADIONICS 
EXCLUSIVELY 

For 30 . years, Zenith I . leader in radio 
"k las been a world centrat ' now-how " b o . lllg on Radionics 

y con-i radlO Waves Th ' h 
-- the science rad ' . lS as m d Z lOS Ou tstand ' . 

a e eni th that their owne;:� - so dependable paralleled freedom 
la Ve enjOYed un­pense. It has also 
from service ex­of the "big 3" . n:ade Zenith one 1n radlO sales 

For the Best in Radio Keep Your Eye on Zenith 
TOday Z ' 1 ' 

. 
, emt 1 1S still on Radionic marvels f 

concentrating YOu . may enjoy man 
or War. Soon, cor;ung Zeni ths _ th� of them in the �e ve eVer built an 
finest radios 1U the field. When 

d the top values 

Z 
. en l us i I 

them, You 'll know J; you see and hear 

emth does ! 
. n e Very th ing _

_ [1_ t o u ch o f g 
. or sure that there 's 

��y More Pictory Bond .• ! 
k0Z�'�;; '.94; �F:'T; �A�'��R: I E  L E V l S I 0 N • R A D I O . P H  0 N O G R A P H  S • H E A R I N G A I D�-S:---":;';';;;"';�";';'�':;:':'':;;-;;;--:;;;;�'-;;;';;;' ��-;-� .. �:;;;;::::::lJ 
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The renowned 
Flame·Grain Kaywoodie, 

inlaid with Turkish Meerscha1lm 
$12.50 

Shape No. 07. "Billiard." 

e . 

A rare old photograph, with authentic colors added, of Lower BROA D WAY, NEW YORK CITY, as it looked 
to our founders when they were making pipes nearby. They began this business in 1851 at No. 59 The Bowery, 
and in 1860 moved to No. 121 William St. A reproduction 0/ the Broadway illustration in colors, together with 
booklet illu.strating Kaywoodie Pipes, will be sent on receipt 0/ 1O¢ to cover costs. 

Only I M PORTED briar is use 
in making Kaywoodie Pipe 

Not all imported briar 
sllitable, but only tl 

choicest. Before i t  becom. 

f1{"a;r-tooo�e �.0e.1 are well known to pipe smokers in all parts of the world. 

Each Kaywoodie is the product of 94 years of pipe manufacturing experience. 

The qualities that make pipe smoking more enjoyable will always be found 

in Kaywoodie. Kaywoodies may be had at your dealer's for $3.50 to $25. 

Kaywoodie Company, New York and London. In New York, 

630 Fifth Avenue, New York 20, N. Y. 


