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'��----by remote control 
The design of radio equipment that will come from Hallicrafters is 
already shaping up-determined largely by thousands of hams who� 

from their remote control locations all over the world, are sending 

advice and suggestions on new radio ideas to Hallicrafters engineering 

department. 

Thousands and thousands of Hallicrafters pieces of high frequency 

radio equipment are in use in the armed services. In a high percentage 

of cases this equipment is used by operators with practical amateur 

experience. From these qualified experts Hallicrafters has received 

hundreds of letters telling how Hallicrafters-built equipment stands up 

under the most vicious battle conditions. Hallicrafters receives regularly 

many valuable suggestions from hams in the field and at home. From 

this rich deposit of "design by remote control" will emerge Hallicrafters 

new line-built to meet ham requirements, designed for the world'� 

most exacting users-the radio amateurs. 

hallir:raftl!r5 RADIO 
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THE HALLICRAFTERS CO., WORLD'S LARGEST EXCLUSIVE MANUFACTURERS OF SHORT WAVE RADIO COMMUNICATIONS EQUIPMENT, CHICAGO 16. U. S. A 



Scientific Allllerican 
----------- Founded 1845-----------

Subscription Rates: 

ONE YEAR-$4 

TWO YEARS-:l>7 

THREE YEARS-SIO 

WHEN you change your 
adej,ess, please notify us 
immediately, giving your 
OLD as well as your NEW 
address. Postal require
ments are such that OUI 
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: Tank "farms" 
located near oil refineries 
are studded with metal 
storage tanks containing 
from ·55,000 to 140,000 bar
rels each. In foreground 
of our cover is a pump 
and by-pass, the "heart" 
which controls the flow of 
oil to and from the tanks. 
Courtesy Standard Oil 
Company (New Jersey) 

CONTENTS • NOVEMBER 1945 
Previews 01 Ihe Induslrial Horizon ....... _ ...... A. P. Peck 258 

50 Years Ago in Scienlific American ....... ............ .. 260 

Lile-Blood 01 Ihe World ................. '.' ... Russell Hogiu 263 

ENGINEERING - Conducted by Edwin Laird Cady 

Precision Quenching ... .... _ . . . . . . . . . . . . . . . . . . . . . . . . .. 274 

ELECTRONICS - Conducted by Keith Henney 

Relinery Eleclronics ........................ Vin Zelul! 278 

A VIA TION - Conducted by Alexander Klemin 

Cargo By Air .... ......... ...... ......... . .. ......... . 281 

CHEMISTRY IN INDUSTRY - Conducted by D. H. Killeffer 

How Soon Alomic Energy? ...... ... . ............ .. .... 284 

METALS IN INDUSTRY - Conducted by Fred P. Peters 

Lilhium, Servanl Melal ........ . _ .. . .. .. .. .. .. . .. .. ... 290 

PLASTICS - Conducted by Charles A. Breskin 

Pelroleum In Plaslics Processing . . . . . . . . . . . . . . . . . . .. 294 

RAILWAY TRANSPORTATION - Conducted by C. B. Peck 

Chasing Waler Pockels .. ............ ..... . . . .. ....... 298 

IN OTHER FIELDS - Conducted by The Stal! 

An Expanding Chemical .......... ...... . .............. 302 

New Pro duels and Processes .................. ....... ..... 306 

Currenl Bullelin Briels ................... .... . . . ......... 315 

Our Book Corner 317 

Telescoplics 319 

1IIIIIIIIIIIIIIIIIIIIIilllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllHIIIIIIIIIIIIIIIIIIIIIUIIIIOUIIIIIIIIIIIIUlIIIIIIIRIIIIIIIIIIIIIIIIIIIIHIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII 

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 
Consultantj 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 "Metals and Alloys." 

CORRESPONDING EDITORS: A. E. BUCHANAN, 
JR., Director of Research of the Remington 
Arms Company. 1. WARRINGTON CHUBB, 
Director of Research Laboratories, Westing
house Electric Corporation. MORRIS FISH
BEIN, M.D., Editor of The Journal of the 

American Mediccil 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 OptiC's and Instrument Design, 
California Institute of Technology. VLADIMIR 
K. ZWORYKIN, Associate Director of RCA 
Laboratories, Princeton, N. J. 

ADVERTISING STArr: rOHN P. CANDIA, Ad
vertising Manager. Western Advertising 
Representatives, EWING HUTCHISON COM
PANY, 35 East Wacker Drive, Chicago I, Ill. 
JOSEPH W. CONROW, 1672 Walworth Ave., 

asadena 6, Calif. 

SCIENTIFIC AMERICAN, November, 1945. Vol. 173, No. 5. Owned and published by Munn & Co., 
Inc., Orson D. Munn, Presidentj 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 Office as second-class matter 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 
hereiri 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; =ticles 
are indexed in all leading indices. Subscription $4.00 per year. Canada and foreign $5.00. 

NOVEMBER J 945 SCI ENTIFIC AMERICAN 

READY NOW 

The full text of 
the official report 

FOR MillY ARYPURPOSES 
By Henry 

De Wolf Smyth 
Chairman, Dept. of Physics, Prince
ton University. Consultant to the 
"Manhattan District" (The cryptic 
title given to the Atomic Bomb 
project by the U. S. Corps of En
gil1eers) 

THIS is the famous "SMYTH REPORT" 
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 

250 pages, containing all informa-

tion released to date, 12 photo
graphs, 8 drawings. 
Paper bound, $1.25. 
Cloth bound, $2.00. 

At your bookstore 

P RINCETE)N 
UNIVERSITY PRESS 
Princeton, N. T. 
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Previews of the 

OIL RUSH 

WAR'S heavy drain on known underground petroleum re
serves and the probability that civilian consumption of 
all types of petroleum products will increase in the near 
and more distant future, demand that something be done 
about it. And several things are being done that brighten 
the oil horizon considerably. 

Up in the Pacific Northwest there is a new oil rush on. 
At the time of writing, no oil has yet been found in the area 
around Portland, Oregon, but a number of dry wells have 
been drilled and abandoned, others are down several thou
sand feet, and new drilling is being started almost every day. 
Cause of all the excitement in this area, where wild-catting 
has been going on sporadically for almost a quarter of a 
century, is two fold. Surface formations in this section of 
Oregon are identical with those in the highly productive 
fields of California, and geophysical prospecting has given 
definite indication that the underground formations are of 
the type in which oil may be found. 

Still farther north, in the Canadian province of Alberta, 
oil exploration is going on apace. Twenty miles from Turner 
Valley, Canada's most productive oil field, geologists are 
confident that a dome-shaped formation has been located 
that will soon be producing crude; out on the Alberta plains 
a well was drilled last year that produced 1000 barrels a day 
and is now being held back to 100 barrels. Since then, other 
producing wells have been drilled, and still more are going 
down. 

This is a brief view of part of the exploratory work that 
is going on in an effort to increase the proved oil reserves 
of the world. But there is another part of the picture that 
may someday become as important to the oil industry as 
the familiar drilled wells. This involves the extraction of 
petroleum from shale and sand. This type of work has been 
carried out on a small scale in many parts of the world 
but has the drawback that costs are too high. Now Socony
Vacuum has announced a new method of processing oil 
shale which, while still expensive, could make available 90 
billion barrels of petroleum or in excess of four times the 
present probable proved crude oil reserves. 

Now, back to Canada again, and to northern Alberta. 
Here, in and around Fort McMurray, is what has been

' 
re

ported as one of the world's largest oil reserves. The oil is 
at or near the surface, but it is mixed with sand; extracting 
the oil, again as in the case of shale, is expensive. However, 
four companies are actively at work in this region and have 
developed fairly economical methods of separating the oil 
from the sand. But then they are faced with the problems 
and expense of transportation. At present there is only a 
single-track railroad to the oil-sands area and freight rates 
are high. Someday a pipe-line to the "outside " may open up 
this rich resource. 

Eventually the oil resources of this world are going to 
dwindle and disappear, but the work that the oil industry is 
doing today seems to be pushing that day farther into the 
future instead of bringing it closer. 

' 

MAGNESIUM POSSIBILIT I ES 

LIGHTER than aluminum and, like that metal, available 
in almost unlimited quantities, magnesium may be consid
ered as a war baby that has cut all its teeth and is now 
lustily chewing its way into many phases of industry. Thus 
far the surface has only been scratched, and the wheel
barrows and other gadgets that have been featured in the 
daily press are mere straws in the wind. Wherever light
ness and rigidity are required, there magnesium holds 
promise. Production problems have been solved; the metal 
can be adequately protected from corrosion; methods of 
welding have been perfected; casting procedures no longer 
present difficulties-all in all, magnesium is not only ready to 
go, but it is going places rapidly. 
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Industrial- Horizon 

In the textile industry magnesium is replacing steel and 
wood for such parts of machinery as have to be handled in 
the mill or sent by freight; thus labor and transportation 
costs are reduced. Used in fabricating movable roller con
veyors, magnesium makes the unit so light that one man can 
move it from place to place instead of calling for additional 
help or using a plant truck. These are only two concrete 
examples; the future will disclose many more possibilities 
as thinking machine designers delve into available facts 
about magnesium and really put the metal to work. 

PU DDING PROOF 

N O ONE department of an airline can anticipate all the 
various problems which may arise in connection with the 
operation of an airplane. With this truism in mind, Ameri
can Airlines has invited nearly all of its 10,000 employees 
to aid in the selection of a new utility type of plane. The 
plane to be used will be selected from several specifications 
after the employee survey is completed. 

Here is an approach to an industrial problem that parallels 
familiar consumer polls. It could well be extended to ma
chine tools, plant layout, materials handling, and even mate
rials selection. 

SMOKELESS CITIES 

JUST BEFORE the war, St. Louis succeeded, by passing laws 
that were drastically enforced, in virtually eliminating in
dustrial and residential smoke from its atmosphere. Other 
cities were ready to follow suit when the war emergency 
pushed the problem into the background. Now the question 
of city smoke comes up again. 

In the meantime, smoke precipitators have been improved, 
smokeless stoves burning bituminous coal have been devel
oped, and furnace attachments have been perfected which 
eliminate smoke. Another approach to the problem is group 
heating of buildings, where highly efficient fuel-burning 
equipment is in charge of an experienced fireman. 

City smoke is wasteful, not only from the fuel standpoint 
but because it increases laundry and painting bills and prob
ably has serious health implications. It can, and should, be 
eliminated. 

FOR FUTU RE REFERENCE 

By USING aluminum as a coating for steel and as a deoxidiz
ing agent in the manufacture of steel, it is foreseen that 
the steel industry will become one of the principle cus
tomers of the aluminum industry . . .  The Department of 
Agriculture estimates that farmers in the United States may 
buy �OO,OOO tract� a year . for the next three years. . . 
DespIte cancella1Itlns, machme-tool manufacturers report 
huge backlogs of orders, especially in high-production 
machines; apparently few industries are willing to wait for 
release of government owned equipment, both because of the 
time element and the risk of obtaining tools that are on their 
last legs. . . In a recent housing survey, only 3 percent of 
the people questioned said that they were considering pur
chase of prefabricated houses . . . Fallen trees, left in the 
woods' from one logging season to the next, may be saved 
from insect destruction by DDT. 
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The RCA Radio Altimeter assures that the last mountains have been passed before letting down to the airport in the valley below. 

Mell$u,ing""v"" bump on Ih"llInd$ellpe" 
-lit 20,000 Fe"tl 

A radio altimeter-that indicates the exact 
height .above land or sea-is another RCA 
�ontribution to aviation. 
') 

Old-style altimeters gave only the ap-�roximate height above sea level-did not 
warn of unexpected "off-course" mountains. 

To perfect a better altimeter was one of 
science's most baffling problems. So RCA 
developed an instrument so accurate it 
:'!lleasures every bump on the landscape" 
from the highest possible altitudes ... so sen
sitive it can measure the height of a house 
at 500 feet! 

This altimeter-actually a form of radar 
-directs radio waves from the airplane to 
earth and back again . . .  tells the pilot ex-

actly how far he is from the ground ... warns 
of dangerously close clearance . . .  "s·ees" 
through heaviest fog or snow. 

AU the radio altimeters used in Army, 
Navy and British aircraft were designed 
and first produced by RCA. This same pio
neering research goes into every RCA prod
uct. So when you buy an RCA Victor radio, 
Victrola, television receiver, even a radio 
tube replacement, you enjoy a unique pride 
of ownership.·For you know it is one of the 
finest instruments of its kind that science 
has yet achieved. 

Radio Corporation of America, Radio 
City, New York 20. Listen to The RCA 
Show, Sunday, 4:30 P. M., E. T., over NBC. 

The RCA radio altimeter will be a 
major contribution to the safety of 
post-war commercial flying. The 
section at the left sends the ramo 
waves to earth and back again 
while the "box" at the right-tim
ing these waves to the millionth of 
a second-tells the navigator the 
plane's exact height in feet . 

• RADIO CORPORATION 0' AMERICA 
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50 Years Ago in 

(Condensed from Issues of November, 1895) 

CARBORUNDUM- "Among the new industries resulting 
from the economical production of electrical current at 
Niagara Falls is that of Carborundum ... To produce Carbo
rundum at the lowest possible cost, and thereby permit of its 
general adoption as an abrasive for all classes of work, has 
of course been a subject of vast importance to the Carbo
rundum Company, and after having investigated the possi
bilities of NIagara Falls as a manufacturing point, they 
determined· to locate a plant in that city that they might 
have the benefits of cheap power from the Power Company 
and have also the advantage of railway facilities there 
offered." 

PUNKAH PULLERS - "There are over 120 patents for punkah 
pullers, and yet none have come into general use in India� 
. . . So long as the coolie is cheaper than the cost of working 
a machine puller, there is no chance of their ever coming 
into general uses." 

ELECTRI C  LOCOMOT IVES - "The first of the lot of four elec
tric locomotives to be built by the General Electric Company 
for the Baltimore & Ohio tunnel at Baltimore is in active 
service. The second one is being shipped in parts. The con
tract requires the en)gine to haul 15 loaded passenger cars 
and a locomotive at 35 miles an hour and 30 loaded freight 
cars and locomotive at 15 miles an hour through the tunnel 
up an 0.8 percent grade." 

NATURAL GAS - "Since 1886 natural gas has been a com
mercial product in Kansas, where it has been found in 
numerous localities, although the total supply thus far ob-

tained has not been great. Quite recently, however, oil and 
gas were discovered in the southeastern part of the State, 
and several companies obtained leases and began prospecting, 
the Palmer Oil and Gas Company, of Ohio, operating in the 
neighborhood of lola, Kansas. In a well recently drilled 
near that place, the pressure of the flow of gas was so great 
that drilling operations had to be suspended, and, after get
ting the well under control, the managers arranged to drill a 
second well by operating the engine and drilling plant with 
the high pr

·
essure gas obtained from the first well." 

TRANSSIBERIAN - "A work of prime importance is now being 
accomplished in Asia, silently and without parade-the 
construction of the Transsiberian Railway. When finished, 
this line will exceed in length any of those that exist upon 
the globe. In fact, its length, from Tcheliabinsk, ih; initial 

260 

point, to Vladivostok, its terminus, will be 4,536 miles, while 
the length of the Transcanadian, which is alone worthy of 
being compared with it, reaches, between Montreal and Van
couver, but 2,760 miles." 

F I REPROOF - "The ideal fireproof building should 'fulfill 
three conditions: 1. It should be proof against attack from 
without. 2. The skeleton frame, consisting of steel columns 
and horizontal girders, should be inclosed in some thoroughly 
fireproof material. 3. It should be able to localize a fire, and 
confine it to the particular floor upon which it originates." 

RAT I ONS - "The federal government has been experiment
ing at its various military posts with condensed army rations . 
. . . The theory of condensed rations is, not that they shall 
serve· the army as permanent food, but rather as provision 
to be taken along in an emergency. The condensed rations 
have less weight arfd bulk than the regular rations, but 
the prime desideratum was that the food should be service
able in emergency cases, for expeditions of about four days' 

duration." 

IND I AN S I L K  - "Though the Indian trade in silk has fallen off 
since the days when the Portuguese found the silk-laden 
ships of the merchants of Cambay the greatest prize they 
could win, or the industry constituted the chief source 
of revenue to the old 'Honorable Company,' yet still it 
forms in the raw a very appreciable item in the commerce 
of India." 

GLASS HOUSES - "The day may yet arrive when people will 
live in glass houses. A patent has been secured for glass 
bricks of a peculiar pattern. The material of which they 
are composed being a first rate non-conductor, these bricks 
will keep the cold out of a dwelling built of them, while 
admitting the light. It is claimed they will exclude noise, 
being hollow. Furthermore, the inmates of a glass house 
need not be afraid of being under too close observation 
by neighbors, inasmuch that it is not requisite that the 
bricks shall be transparent. They may be of opaque ground 
glass or of any color that may be Imitable for decorative 
effect." 

SAFETY - "A safety appliance for electric wires consists of 
a bracket at the top of the pole which supports the line, 
the bracket having at its extremity a pear-shaped loop, 
the inner portion of which has a sharp edge ... When the line 
breaks it drops upon the sharp edge of the loop, which cuts 
the insulation, if there be any, and forms an electric contact 
with the bracket, and the bracket being connected by a wire 
with the ground, the 'fallen wire is immediately grounded 
and the portion lying outside of the loop or within reach 
is thus rendered harmless. " 

WATERWH EEL - "A waterwheel of remarkable construction 
has been introduced in the North Star mine, Grass Valley, 
Cal. It is eighteen feet in diameter, weighs 10,500 pounds and 
develops 250 horse power, running under 750 feet head, at 
110 revolutions, and is directly connected to the shaft of 
a duplex compressor, compound tandem type, of same ca� 
pacity . . .  From a cast-iron hub radiate twenty-four steel 
spokes, which are connected to a rim made up of angle iron 
properly shaped, having a slat for the buckets, which are 
bolted to the periphery, the strain being taken by four heavy 
steel truss rods." 

LIQU I D  A I R  - "An interesting illustration of the rapidity 
with which purely scientific discoveries frequently become 
the starting point of new industries is furnished by the case 
of liquid air. It is no long time since liquid air was pro
duced for the first time in quantities great enough to admit 
of its application for purposes. of research; yet steps are 
already being taken to treat liquid air as an article of com
merce and to turn it out upon a large scale." 

WOOD "CANS" - "Wood pulp fruit cans are among the latest 
applications of wood fiber to a useful purpose. One method 
of manufacture consists in taking the soft pulp direct from 
the wire netting and moulding it into cylindrical form, 
about the length of a dozen cans, and keeping it as hollow 
tubes until ready for cutting and heading. " 
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B E  i. L T E L  E PH 0 H E  LAB 0 RAT 0 R I E 5 
Exploring and inventing, devising and perfecting for continued 

improvements and economies in telephone service. 

TINY GIANT WITH A HISTORY 

Long before the war, the men who design your Bell 
Telephone System were looking for an electron tube 
with frequency capabilities never before attained. 
With it, they could transmit wide bands of tele
phone messages - several hundred of them - simul
taneously through coaxial cable-economically, and 
over long distances. 

They developed a tube which set a new standard in 
broad-band, high-frequency amplification. So minute 
that its electrode system had to be inspected under a 
magnifying glass, the tube could amplify either the 
voices of 480 people talking at the same time, or the 
patterns of television. Long-distance, broad-band 
transmission became a commercial reality. 

When war came, this tube excelled all others as an 
amplifier in certain military equipment. It then 
grew into the 6AK5, one of the great little tubes of 
the war. Besides producing 6AK5's in large quanti
ties, the Western Electric responded to emergency 
needs of the Army and Navy by furnishing design 
specifications and production techniques to other 
manufacturers, of whom at least five reached quan
tity production. On every battlefront it helped our 
ships and planes to bring in radio signals. 

Developing electron tubes of revolutionary design 
has been the steady job of Bell Laboratories scien
tists ever since they devised the first practical tele
phone amplifier over thirty years ago. Now tubes 
like the 6AK5 will help speed the living pictures of 
television, as well as hundreds of telephone con
versations simultaneously over the coaxial and radio 
highways of the Bell Telephone System. 

26.1 
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BETTER GASOLINE 

IS DERE% 

You can utilize today's gasoline quality to 

pay extra dividends in power and economy 

BETTER GASOLINE is no longer a 

hope - it's a reality. Gasoline 

companies are now supplying gas

oline with improved base stock and 
higher octane ratings. 

This high -quality fuel will be of 

great value to truck operators, who 

are faced with the changing condi

tions of the postwar world-heavier 

competition in the truck field, de

mand for better service, and the need 

for lower ton-mile operating costs. 
Higher octane gasoline, used to fuU 

advantage, can help provide the extra 

power, performance and economy 

needed to solve these problems. 

In ordering new equipment, you'll 

want to specify compression ratios to 

utilize better gasoline. Many engines 

now in service can also be brought 

up to date-can be modified to util

ize improved antiknock value. 

By keeping pace with gasoline im

provements you will be taking a long 

step toward more economical opera

tion per ton mile. 

More power from every gaUon of gasoline and 
from every cubic inch of engine displacement through 

RESEARCH • SERVICE • PRODUCTS 

ETHYL £ORPORATION� Chrysler Building, New York 17, N. Y. 
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Life-Blood Of 

The World 

Petroleum Was Known and Used in Limited Ways 

for Thousands of Years Before It Was First De

liberately Sought After on a Commercial Scale. 

Then Came "Drake's Folly" and the Dawn of the 

Petroleum Age. The DevelopmelJ-t of Production, 

Transportation, and Processing of Crude Oil Pre

lents a Vivid Background Against Which to Evalu

ate Achievements of the Petroleum Industry 

By RUSSELL HOGIN 
American Petroleum Institute 

REAL beginnings of the petroleum industry of the 
world date back only to the middle of the 19th 
Century, when Drake drilled the first well ever 

sunk in deliberate search of a supply of "black gold." 
Yet, as long as history has been recorded, and even 
before, mankind has been making use of petroleum in 
one or another of the many natural forms in which it 
is found. The chariots of ancient Egypt's pharoahs were 
greased with a lubricant provided by nature and the 
bodies of these mighty monarchs were preserved in 
pitch obtained from the same sources. Herodotus re
lates that the walls of Babylon were cemented by a 
mortar of pitch; the curious round boats that have 
plied the waters of the Euphrates from the time of Ne
buchadnezzar to the present day are made water-tight 
with pitch; the Bible states that Noah's Ark was made 
of gopher wood, pitched "within and without with pitch." 

The Zoroastrians of ancient Persia built their temples 
around natural gas vents in what is now the Baku oil 
field and thus obtained the "eternal fire" which they 
worshipped. The more practical Chinese were using 
natural gas carried through bamboo pipelines to heat 
and light their houses 2000 years ago, and Pliny tells 
us that oil from Sicily was burned in the temple of 
Jupiter. There are many other references to the use of 
petroleum in ancient times and there is, in addition, 
a large body of evidence of its use not set down in writ
ten history. 
, One of the strangest of the latter is that oil pits were 

dug in eastern North America at least hundreds of 
years before the first white man set foot on this con-

NOVEMBER 1945 SCIENTIFIC AMERICAN 

Courteoy Drake Museum 
The famous Drake oil well rig as it appeared about 
1864. In the foreground, sitting on wheelbarrow, 
is "Uncle Billy" Smith, who did the actual drilling 

tinent. These ancient workings in the oil regions of 
Pennsylvania, Kentucky, and Ohio have been examined 
carefully by a number of early historians who fairly 
well agree that these pits are hundreds of years old 
and that they were used to collect oil. These workings 
had long since been abandoned when they were first 
noticed by early-day explorers. Large trees were grow
ing out of some of them, testifying to their age. 

Nobody knows who the ancient people were who 
dug these pits, nor the use to which they put the oil. 
The pits do not resemble the work of Indians, who were 
not given to the digging of wells. These ancient oil pits 
were carefully prepared, frequently lined with timbers 
that had been hewn with stone axes, and in some cases 
were dug to a considerable depth. The evidence is 
strong that the eastern petroleum fields were producing 
oil hundreds of years ago and on a more extensive 
scale than they were when the white man first pene
trated these regions. 

The first Europeans to visit the New World found the 
Indians collecting and using petroleum. Spanish ex
plorers visiting Peru in 1527 named La Brea after the 
asphalt deposits there. Juan Rodriguez Cabrillo, a 
Portuguese navigator in the employ of the Spanish, 
toured the coast of California in 1542-3 and found the 
Indians at what is now Carpenteria, California, water
proofing their dugout canoes from a pitch deposit there. 
Cabrillo took advantage of the deposit to repair his 
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ships, as did many navigators in those distant days of 
uncharted seas and fragile wooden ships. At approxi
mately the same time a group of the survivors of the 
De Soto expedition, attempting to make their way 
from the mouth of the Mississippi back to Mexico, were 
blown ashore near Sabine Pass, Texas, and repaired 
their boats at a nearby pitch deposit. 

The first written reference to the use of petroleum 
on this continent in its more familiar liquid form was 
made in 1627 by a French missionary, Joseph de la 
Roche D' Allion. This lay brother followed the Indian 
trails to a famous oil spring near what is now Cuba, 
New York, which was under the control of a branch 
of the Iroquois tribe whom the French called the "Neu
tral" Indians. Warfare was forbidden in the area around 
the spring over which these Indians held sway, and ac
cess to the oil was open to all. 

De la Roche recorded his experiences in a letter dated 
July 18, 1627, in which he said that "these Indians col
lect a good kind of oil called Antonotons, which is trans
lated to mean 'oh how much there is of it.''' Other 
French missionaries later visited the spring, and by 
1670 it was marked on a map of the French colonies. 

For two centuries thereafter, the story of petroleum 
follows an unvarying pattern. As the early traders and 
explorers followed the Indian trails across the Alle
ghenies, the Great Smokies, and up into Texas from 
Mexico, they found the Indians collecting seepage oil 
and using it as a medicine for themselves and as a cure 
for ailments of horses. The early travelers and settlers 
followed their example. 

The Indians had an unusual custom of "peace trails" 
and "war trails." Situated on the peace trails were 
common necessities such as salt deposits, oil springs, 
and the like. A party of Indians traveling the peace trail 
could traverse hostile areas to obtain these necessities 
without danger of attack. The early white men noted 
this and acted accordingly. The trail down Oil Creek 
in Venango County, Pennsylvania, was one of these 
peace trails. Petroleum flowed as scum over the surface 
of this creek, which later was the scene of the first oil 
well and the first oil boom. The seepage area in 
Nacogdoches County, Texas, was known to travelers 

Prom Scientific American 

"Kicking down" a well in the early days of the oil 
industry was only a slight improvement on the method 
us�d in Chinll for many centuries to sink water wells 

up the Spanish Trail as early as 1790. They collected 
the oil to use as a lubricant for the axles of their wagons 
and carts, in addition to the common use as a supposed 
cure-all for man and beast. 

William Byrd III noted two oil springs southwest of 
Richmond, Virginia, in 1705, although their exact loca
tion is now unknown and in 1753 George Washington 
and General Andrew Lewis received a patent on a sec
tion of land near Charleston, West Virginia, that con
tained a "burning spring." All of these and doubtless 
many other oil seeps were known and visited by the 
early settlers. 

DESPISED PETROLEUM - The world's first oil well 
was drilled in 1859, but the method by which it was 
drilled was developed west of the Alleghenies in 1806. 
Salt was a highly prized commodity in the newly settled 
western country and the Ruffner brothers started a 
salt works in 1806 at what is now Charleston, West Vir
ginia. Their procedure was to drill a well to salt water, 
which then would flow to the surface in artesian fash
ion; the salt was obtained from the brine by evaporation. 

The Ruffners' method was to dig a shaft down to 

Oil well in Ohio, drilled in 1864, which has continued to produce for over three quarters of a century 
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bedrock and to fix a "conductor" made of a hollow 
sycamore log in the shaft. They then drilled through 
the log down to a depth of 58 feet, where they struck 
a strong flow of salt water. The Ruffners encountered 
only a small amount of oil in their well, but did get a 
flow of natural gas which they used for fuel for evapo
rating the water from the salt. Many of the later salt
well drillers were not so lucky. They got large quanti
ties of petroleum, for which they had no use whatso
ever. 

It is of interest to note the Ruffners' drilling method, 
not only because it was widely used in the early oil 
fields, but because the Chinese had invented it 2000 
years before. The chief feature of the method was the 
spring pole, a green tree trunk some 40 feet in length 
with one end firmly imbedded in the ground or attached 
to the butt of a tree. The pole passed over a forked post, 
with the lighter, or spring, end of the pole extending 
over the drilling site. The drilling tools were attached 

Courtesy Memorial Museum 
Tools used in drilling the Drake oil well in 1859 

to the spring pole. The�e consisted mainly of a . heavy 
l\'mgth of iron, slightly sharpened on the �nd, i'lnd 
chained to the spring pole. A couple of men would 
throw their weight on the spring end .of the pole, thus 
dashing the iron bit against the bottom of the hole. 
There were a number of variations of this primitive 
metho<;l in later wells, but the spring-pole rig remained 
in use for a long time. 

For almost. half a century after the Ruffners drilled 
their first well, petroleum was a despised and thrice
cursed intruder to the salt-well drillers of the Ohio 
Valley reg�on. Nobody wanted it. The small amount 
us,ed as medicine and as a lubricant was readily ob
tainable otherwise and the remainder was not only a 
drug on the market, but a discouraging deterrent to 
the profitable business of obtaining salt. Oil ran out 
onto the ground from salt wells, floated down rivers 
and streams, caught fire, and served mankind only as a 
topic of conversation in the pioneer countryside. 

True, as early as 1819, men were suggesting simple 
refining methods to remove the unpleasant odor from 
burning crude oil, thus making it available as an il
huninant, but nothing was done about it at the time. 
The best explanation for this apparent lack of fore
sight seems to be that the world simply was not yet 
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ready for oil and men's imaginations had not envisioned 
its possibilities. We do know that when oil was found in 
quantity in 1829 in Cumberland County, Kentucky, 
as a result of the usual salt-well curse, it was allowed 
to flow for months down the Cumberland River, reach
ing as far as Gallatin, Tennessee, 100 miles away. The 
oil later caught fire, and the "burning Cumberland" 
was noted and commented upon all over the burgeoning 
United States. 

The times cried for a new source of light. In common 
use were tallow candles, sperm oil lamps, pine knot 
torches, and open fires-essentially unchanged since the 
dawn of history. The world wanted something better 
and in various countries men were seeking it. James 
Young of Scotland distilled "paraffine oil" from shale 
and coal in 1848; Abraham Gessner, a Canadian, started 
the manufacture of illuminating oil from coal at about 
the same time. Gessner called his product "kerosinet 
but "coal oil" was the popular name for it for years to 
come. Tiny refineries sprang up throughout the United 
States and a brisk industry was aborning when Colonel 
Edwin L. Drake drilled the world's first oil well on the 
banks of Oil Creek, near Titusville, Pennsylvania, on 
August 27, 1859, and the Petroleum Age began. 

DEVELOPMENT STARTS-Many men had a part in 
that first oil well. It was the result of a chain of actions. 
The time was ripe for beginning the develoJ:)ment of 
this great natural resource and men and events moved 
in sequence to bring it about. 

George H. Bissell, New York lawyer and New Haven 
businessman, started it. The story goes that, in 1854, be 
visited Dartmouth College, his alma mater, and caned 
upon Professor Crosby of the chemistry department.' 
The professor showed Bissell a small bottle of crude 

Well drilling in the early days of the oil industry 
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Photo taken In 1865. Courtesy The Texas 

Within a few years after the Drake well was brought in, oil derricks dotted the Pennsylvania and Ohio country sides 

oil sent by his nephew, Francis B. Brewer, who had col
lected it from an oil spring on his father's land near 
Titusville, Pennsylvania. 

. 

Bissell was impressed. Here was Opportunity with a 
capital 0 and he determined to take advantage of it. 
Persuading his former law partner, Jonathan G. Eve
leth, to join him, Bissell leased, in November of 1854, 
105 acres of land from Brewer for 99 years without 
royalty. The price was $5000; $500 down and the rest 
on notes from Bissell. 

The opening move of this first oil operation was to 
have the land trenched to collect the surface seepage 
oil. When three barrels had been collected, they were 
sent to Benjamin Silliman, Jr. ,  professor of chemistry 
at Yale University. 

The report of this chemist is a monument to scientific 
analysis. He analyzed the many components of the 
crude oil and set the pattern for refining that has en-

Courtesy American Petroleum Institute 

One of the early Pennsylvania oil refineries 
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ured to this day. He concluded with the statement that 
many valuable products could be obtained from petro
leum. That did it. While it took Bissell five years to get 
an oil well-and many more years for refining to emerge 
from its swaddling clothes-nevertheless the basic facts 
about this great mineral resource were resolved. 

ORGANIZING FOR OIL - Backed by the Silliman re
port, Bissell and Eveleth obtained limited backing from 
a banker, James M. Townsend, and others and that same 
year, 1854, the Pennsylvania Rock Oil Company was 
formed. The company later was reorganized as the 
Seneca Oil Company and it was this latter concern 
that drilled the Drake well. 

There was Bissell, then, with oil land, with capital, 
and with a report that indicated a profitable use for the 
product. The problem was how to get it out of the 
ground in commercial quantities. Samuel M. Kier, a 
salt-well owner of Pittsburgh, provided the answer. 

Kier, associated with his father, had put down two 
400-foot salt wells on the Allegheny River near Pitts
burgh. True to form, they. produced some oil. The re
sourceful Kier, having no ready market for his oil, put 
it through a crude refining process, and put it up in 
half-pint bottles labeled "Kier's Petroleum or Rock 
Oil, Celebrated for its Wonderful Curative Powers. A 
Natural Remedy. Produced from a Well in Allegheny 
County, Pennsylvania, 400 Feet Below the Earth's Sur
face." Alongside the lettering were drawings of the 
derricks used in boring and pumping the brine wells. 

Bissell saw one of these bottles in a New York drug 
store window in 1857 and decided immediately to drill 
for oil in the same manner in which salt wells were 
drilled. Colonel Edwin L. Drake, a 40-year-old railroad 
conductor, was hired by the company to go to Titusville 
and arrange to drill a well. 

Colonel Drake, whose title was purely complimentary 
although it stuck to him for life, reached Titusville in 
May, 1858, and proceeded to encounter every kind of 
trouble possible to a new venture. He was beset by lack 
of finances, lack of faith, and lack of knowledge. His as-
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sociates failed to meet their financial commitments and 
Drake was forced to strain his own limited credit to the 
utmost. The cc.untryside, almost to a man, scoffed at the 
idea of drilling for oil. "Drake's Folly" became a topic 
of conversation as far away as Pittsburgh. 

Drake was a patient, steadfast man, however. He vis
ited the salt wells at Tarentum and studied drilling 
methods and talked to salt-well drillers. Finally, he 
found the experienced driller he needed for his experi
ment. That Ulan was "Uncle Billy" Smith, who was as
sisted by his two sons. The well was rigged up in J une, 
1859, close by the oil spring from which Drake had been 
collecting seepage oil. 

Then Drake made his big contribution to oil drilling. 
He had an iron pipe driven fr0m the surface down 39 
feet to solid rock. The drill stem was inserted in the 
pipe and the world's first oil well was on its way. On a 
sultry Saturday afternoon, August 27, 1859, Uncle Billy 
found oil bubbling in the pipe within a few feet of the 
surface. Bottom of the hole was at 691h feet. 

Uncle Billv jumped on a mule and hurried to Titus
ville to spread the good word. That oil brought $20 a 
barrel. Less than three years later, oil was down to 10 
cents a barrel, so rapidly had the Oil Creek region be
tween Titusville and Oil City been drilled after Colonel 
Drake pioneered the way. 

For a good half dozen years or more, the Oil Creek 
area was a milling maelstrom of brawling rivermen and 
teamsters among closely packed oil wells. Vice flourished 
openly. Conflagrations were of almost daily occurrence. 
Mud-deep mud-was everywhere. It was a wild and 
roaring time as a great industry went through its birth 
pains. 

Refineries sprang up at Oil City, Pittsburgh, Phila
delphia, Cleveland, and New York. (The first one was 
built at Titusville in 1860 by William Barnsdall and 
William H. Abbott.) These small "teakettle" refineries 
had one principal product, kerosine. Gasoline, produced 
naturally and as a by-product of kerosine refining, was 
known as "volatile spirits" or naphtha and was the 

From The WilHam ColleeUon 

COUrtesy Drake Memorial Museum 
In the 18608, before the advent of pipe lines, oil 
was transported in drnms by slow horse-drawn wagons 

curse of tbe industry. It was a dangerous nuisance that 
sometimes contaminated kerosine, causin6 lamps and 
lanterns to explode. Hence the gasoline at refineries was 
shot into the air as gas, dumped into lakes and streams, 
burned-or gotten rid of by whatever other expedient 
the exasperated refiner could find. 

OIL TRANSPORTATION - Earliest method of trans
PQrting crude oil from wells to refineries was in barrels 
carried on lumbering horse-drawn wagons. Dirt roads 
and mud limited severely the quantity of oil that could 
be carried and the speed with which it could be moved. 
However, from the middle 60's on, the industry made 
good progress in solving the important problem of trans": 

One of 50 oil wells drilled in 1860 on .Gaspe Peninsula, Canada. Production was small and they were abandoned 
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Courtesy American Petroleum Institute 

Delivering kerosine in the old horse and buggy days Fuel oil is delivered to homes today by tank trucks 

portation. The first successful "long-distance" pipeline 
was constructed in 1865 by Samuel Van Syckel. It was 
a two-inch line, five miles long, in the Oil Creek 
region. In 1874, J. J. Vandergrift and George W. Fore
man built the first trunk line-60 miles of four-inch 
pipe from the Oil Creek area to Pittsburgh and four 
years later work was begun on a line across the Alle
ghenies to the Atlantic seaboard. 

The railroad tank car made its first appearance in 
1865, to be followed three years later by the prototype 
,of . the present horizontal, cylindrical tank. Tank ships 
made almost equally rapid strides. The first transoceanic 
shipment of oil was one of five barrels from Philadelphia 
to London in 1861. By 1869, the Charles was fitted with 
S9 separate iron tanks with a total capacity of 714 tons 
I:\nd she plied regularly between the United States and 
E:urope. In 1872, Palmer and Company of England built 
the first tank steamer, the Vaterland, for the Red Star 
$teamship Company of Antwerp 'and by 1885 more than 
1000 vessels were transporting American oil across the 
waters. The "Lamps of China" were far from being 
the only ones that burned American oil. 

Drilling and production of oil spread rapidly during 
these years. Oil was found in California in 1866, largely 
as the result of a report on California oil by Professor 
Silliman, similar to his 1854 report on Pennsylvania 
crude. In the east, production spread into West Virginia, 
Ohio, and Kentucky and later into Illinois, Indiana, 
Kansas, and Oklahoma. Dry holes were not very ex
pensive in those days of shallow wells ; any surface in
dication of oil-or nothing more convincing than a 
hunch-was enough to set off a drilling campaign. 

The present-day highly developed science of petro
leum geology was practically non-existent, particularly 
insofar as the average producer was concerned. Men 
of learning were developing, debating, and expanding 
the anticlinical nature of petroleum deposits, but knowl
edge of their findings was confined to the few. All the 
crude necessary to meet the demands of the kerosine 
trade and the lubricants market was being produced, 
S,o the urge for more intensive exploration was wanting. 

GASOLINE ENGINE - Meantime, there was develop
ing in Europe the invention of the gasoline engine, 
which was radically to alter the entire nature of the 
petroleum industry and transform the life of the world. 

Many men had made satisfactory models of engines 
based upon the principle of a piston driven by an ex
plosive charge before Nicholas Otto and Eugen Langen 
br,ought out the father of the moderIT' gasoline engine in 
1877. It remained for Otto to realize, however, the im
portance of compression in the internal combustion 
engine. His engine worked and his factory near Cologne 

was kept busy turning out these new stationary engines. 
It did not take long for others to put wheels on the 

Otto engine. Steam carriages had been made for a hun
dred years and the application of the gasoline engine 
to the "horseless carriage" came rapidly. Carl Benz 
patented his machine in 1886, and Gottlieb Daimler's 
appeared almost simultaneously. Americans were not 
far behind. Charles Duryea, Elwood Haynes, and Henry 
Ford all made cars in 1892. Four years later, these three 
cars and one made by Benz in Germany were the only 
four automobiles in the United States. Yet, in 1900, 
more than 4000 cars were built in this country and in 
1910, 368,000 cars and trucks were turned out. 

The impact upon the oil industry of the resulting 
demand for hitherto-despised gasoline was terrific. Men 

Courtesy Hughes Tool Company 

Today wells are bored miles deep by tri-cone roller
bearing rock bits which cut . their way by a rotary 
motion. Many of these bits are two feet in diameter 
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hunted long and hard for new oil fields and found them. 
The national production of 30 million barrels in 18�2 
had risen to 63 million in 1900 and by 1910 had reached 
209 million barrels. 

Even this greatly increased production of crude oil 
failed to meet the growing demands for gasoline avail
able hom the simple distillation methods then in vogue. 
"Straight run" gasoline, as it was called, is produced 
by heating crude oil and condensing the resulting 
vapors. More gasoline was needed than this method 
could produce. 

The gasoline supply situation was tight when, in 1911, 
Dr. W. M. Burton patented the "cracking" process and 

Courtesy Standard Oil Company (N. J . )  
Gigantic hooks, taller than a man and weighing sev
eral tons, are used in modern drilling operations 

the first cracking plant was built at Whiting, Indiana. 
This method, in effect, subj ects crude to both heat and 
pressure so that larger molecules in the crude oil
unsuitable for motor operation-are broken up into 
smaller molecules that work efficiently in a gasoline 
,engine. 

SCIENTIFIC METHODS - As the demand for crude 
,oil rapidly increased, producers sought the help of 
science in determining where to drill. Easily-found 
-fields were becoming far less common. Drilling costs, as 
deeper holes became necessary, went up. So, slowly at 
-first but in ever-increasing numbers, the petroleum 
geologist became a man of prime importance in the 
industry. He mapped areas of petroleum promise, look
ing for evidences of the folding and faulting of rock 
structures that form oil traps. He studied rocks for 
porosity. He brought the physicist, the paleontologist, 
and the engineer onto his team so that the search for 
'Oil became a painstaking and precise, if not an exact, 
science. With his help, more than 400,000 wells are pro
ducing oil in the United States today. 

The years from 1910 to the outbreak of the recent 
war were ones of steady progress for the petroleum in
dustry. Scientific exploration replaced the hit-or-miss 
methods that had gone before. The seismograph and 
the magnetometer came into general use and the sea:rch 
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continued for an exploratory device that would disclose 
the definite presence of oil instead of merely locating 
formations that might or might not contain it. That de
vice still remains to be found, however, and only the 
drill actually discovers oil. 

Great progress was made in drilling methods. While 
the rotary drill has, to a considerable extent displaced 
the older percussion or cable-tool method, both remain 
in use. Rotary equipment has grown heavier through 
the years and has been vastly improved in many re
spects. It is the rotary drill that makes possible the 
deeper wells of today. The world's deepest drilling in 
Texas, is more than three miles down-16,555 feet, at 
last reports-and the world's deepest production is 
from a Louisiana well, at 13,520 feet. 

For many years one of .the bugbears of drilling was 
the crooked hole. As the bit went down it frequently 
was deflected by hard rock formations and the result
ing "bottom hole" might be as much as 1000 feet to one 
side of its surface opening. Science changed that during 
the '20s by a number of devices, including underground 
photography, that enables the driller to determine ex
actly where his well is going and to correct deviations. 
In addition, by use of a weighted bit, directional drill
ing is now possible, enabling wells drilled on land to 
tap oil formations under the ocean, lakes, or rivers. 
These are only a few of the thousands of inventions that 
have made possible precision drilling thousands of feet 
into the earth's surface. 

Equally great progress has been made in the pro
duction of oil. In the older fields, hom 20 to 30 percent 
of the crude in a given formation was recovered. Today, 
70 to 80 percent is brought to the surface. ' Again, every 
branch of science has been used to achieve' this result'. 

Conservation practices now in vogue, under state 

courtesy American Petroleum Institute 
Devices known as "Christmas Trees" eliminate the 
spectacubtr, wasteful "gushers" in oil fields today 
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laws, are of great importance in making this increased 
recovery possible. These practices prohibit the indis
criminate drilling of wells, dissipation of gas pressures, 
and wasteful production. They are designed to provide 
the largest possible total recovery of oil from under
ground formations rather than immediate flush produc
tion. 

Another outstanding contribution to oil production 
was the perfection of the "Christmas tree" connection, 
so named because of its many arms and branches. The 
"Christmas tree" has ended, almost entirely, the wild 
well that was for many years a feature of the oil field 
landscape. The "gusher" is a thing of the past. When a 
well comes in nowadays, regardless of size, pipe con
nections already are in place to keep it under constant 
control. 

ENGINES AND FUELS � The spectacular advances 
made in refining, both of motor fuels and lubricants, 
are well known. Improvements in gasoline engine de
signs consist largely of increasing the compression ratio ; 
that is, increasing pressure in the cylinders in which 
combustion takes place. This gives more power from the 
same size engine with a smaller consumption of fuel. 
As motor designers and petroleum refiners learned that 
the motor must be geared to the fuel, and vice versa, 
for efficient performance, they "teamed up" in their re
search activities. Steady improvements in the crack
ing process made possible gasolines to fit any motor de
sign. Engine lubricants were improved by additives 
that increased their adhesiveness to metal and con
trolled their viscosity. The general trend just before the 
outbreak of W orId War II was more and more away 
from ordinary gasoline and lubricants and toward syn
thetic or "built up" products that render better per
formance. 

At the same time, the number of products obtained 
from petroleum, other than gasoline and lubricants, in
creased enormously. A modern refinery makes some 

Courtesy Standard 011 Company (N. J.) 
Opening huge control valves that regulate Bow of 
oil from tankships into storage tanks seen in rear 
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From Beien tific American 

The picturesque days of the "gusher" gone wild are 
a memory of the past, due to modern control methods 

2000 products, from which thousands more are made 
by other processors. For more than a decade, every 
household and every industry has depended directly, 
in one way or another, upon petroleum products in 
some of its myriad forms. 

While the oil pipeline had its genesis in the 1860's, 
tremendous pipeline development took place in the 
20's and 30's. Today, a network of approximately 150,000 
miles of main trunk pipelines stretches throughout the 
country, and thousands of miles of gathering lines ex
tend through all the nation's oil fields. By 1941, a 
marketing system had been built up that employed some 
750,000 persons and had more than 300,000 retail outlets 
in every section of the country. 

Thus, at the outbreak of the greatest war in history, 
the petroleum industry was a strong one, with the men, 
the materials, and the "know how" to produce many 
and varied products. No one had any inkling, however, 
of the industrial miracles the petroleum industry would 
be called upon to perform in the recent war. 

The first was aviation gasoline. Only two refineries 
in the United States made 100-octane gasoline before 
the war, and the 35,000 barrels a day which they turned 
out was ample for all civilian and military demands. 
The armed services suddenly demanded 100-octane fuel 
in vast quantities. Processes with which researchers 
had been experimenting in their laboratories were 
rushed to full-scale production. Every refinery in the 
country was assigned some part in the great task and 
development went on at a feverish pace. One-hundred 
octane, the supposed perfect gasoline from an anti
knock standpoint, has been topped so frequently that 
the motor fuel which powers a B-29 Superfortress, for 
instance, can hardly be called gasoline in the usual 
sense. Triptane (2,  2, 3-trimethyl butane) ,  the newest 
laboratory wonder fuel, gives four times as much power 
as 100-octane gasoline and has been developed so rapid-

SCI ENTIFIC AMERICAN NOVEMBER 1 945 



• Life moved at a leisurely pace in 1 8 5 5  whe n  R. T. Crane first opened his 
little foundry. The horse-drawn carriage was the last word in private trans
portation; clipper ships with their spreading sails were deemed fast e nough 
to carry the world's cargoes; and chugging locomotives transported their 
freight only as far as the brawling frontier towns on the Mississippi. 

But 1 8 5 9  marked an e nd to the leisurely life our forebears knew, for in that 
year a foresighted pioneer broke the soil of Pe nnsylvania and out gushed a 
stream of oil. Almost unnoticed at the time, this development denoted the 
birth of our modern age of speed, for from it stemmed such forms of trans
portation as the family car -'-the giant Diesel locomotive - the airplane -and 
the luxury liner . 

• The petroleum industry - typified by wells that bore three miles below the 
earth' s  surface - by the huge refineries whose daily output is measured in mil
lions of barrels - by the giant pipe lines carrying gas and crude half way 
across the nation - has come a long way. 

And at every step in th is progress, Crane has shared in this triumph, match
ing the technological development of the industry with new valves and fittings 
designed to withstand ever increasing pressures and temperatures. 

1 9 4 5  mark s Crane's  90th anniversary-90 years devoted to meeting the 
demands of all industry for better piping. Today, the Crane line includes every
thing a buyer of piping can want; and Crane distribution, nation-wide in its 
scope, serves every section of the country. 

CRANE CO., 8 3 6  South Michigan Avenue, Chicago 5 ,  Illinois 

Today's cracking plants represent a 
vast improvement in refining tech
nology. Crane has played a leading 
role in developing piping equi pment 
that has made these new techniques 
possible. 

C R A N E + VA LV E S  • F I TT I N G S  • P I P E 
P L U M B I N G  • H EAT I N G  • P U M P S  

B R A N C H E S A N D  W H O L E S A L E R S  S E R V I N G  A L L  I N D U S T R I A L A R E A S  
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Courtesy Stanaard Oil Company (N. J . )  

Working on an oil drill collar. Threaded ends of 
pipe lengths must be carefully joined to insure the 
successful operation of the well-drilling equipment 

ly that motor designers have not been able to perfect 
an engine to use it. It is employed now to blend with 
lower grades of aviation gasoline to improve their 
quality. 

American refineries at the close of the war were mak
ing more than 500,000 barrels of aviation gasoline a 
day, 85 percent of the world's production. 

War sUddenly called for lubricants that would work 
equally well , in Greenland or on an equatorial island. 
A plane standing on the North African desert, for in
stance, might take off from . an airport where the tem
perature stood at 140 degrees, Fahrenheit. In a few 

M. W. Kellogg Company 

minutes it would be in the stratosphere where the tem
perature stood at 60 below. No lubricant had ever been 
designed, for quantity production, that would perform 
un�er those conditions. It was vital to the war, so this 
natIOn's petroleum scientists produced it-as they did 
tnany another "impossibility." 

The list of war-time petroleum industry accomplish
ments is long : synthetic rubber ; rust preventives ; DDT, 
the wonder insecticide ; vast quantities of fuel oil for 
our mighty Navy; asphalt for temporary landing fields ; 
and a hundred others. A case in point is that of Diesel 
fuel. Just prior to the war there was approximately 10· 
million Diesel horsepower in operation in the United 
States ; by the end of 1944 it totaled 80 million horse
power and the needed fuel was available. 

The American petroleum industry "oiled" W orld War 
II as it did W orld War 1. In 1918, the military forces 
of the Allies consumed about 39,000 barrels of gasoline 
per day. In World War II, the daily military gasoline 
demand reached 800,000 barrels, and gasoline is only 
one of many products which modern war requires of the 
petroleum industry. This tremendous demand, with the 
United States supplying 69 percent of all petroleum 
products, has had, of course, its repercussions upon all 
phases of the industry. Production reached an all-time 
record of 1,678,000,000 barrels of crude in 1944. This was 
achieved in spite of manpower and material shortages 
of serious proportions. 

HYDROCARBON CHEMISTRY - Today the petrole
um industry looks ahead to a new and vaster usefulness, 
based upon hydrocarbon chemistry. Science has solved 
the secret of the hydrocarbon molecule, and a great 
new vista of synthesis has opened up. The fuels and 
lubricants . of today are synthetics, chemically arranged 
for the best possible use of the tremendous energy 
locked in petroleum and natural gas. In addition to 
these, there are. hundred:;; of new chemical products 
in the making, based upon synthesis of the hydrocarbon 
molecule. The itldustry is convinced it is standing on. 
the . threshold of great achievement-a tribute to its 
leaders who never ' have hesitated to spend millions of 
dollars, year in and year out, for scientific research. 

Partial view of one of world's largest oil refineries. It covers 640 acres. The three giant catalytic cracking units 
are of skyscraper height. Besides other products, this refinery produces over 70,000 barrels of gasoline daily 

, . 
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re n o t  overl 

V I C T O RY 
L O A N ! 

There' s plenty of action ahead for 

fast-thinking industrial leaders in 
putting over the new Victory Loan ! 

Your Victory drive is important be
cause: 

EVERY VICTORY BOND HELPS TO 
1 Bring our boys back to the 

America for which they were 

willing to give their lives! 2 Provide the finest of medical 

care for our wounded heroes! 

BOOST THE NEW F. D. ROOSEVELT 
MEMORIAL $200 BOND ! 

Urge all your employees to buy 

this new Franklin Delano Roosevelt 

Memorial $200 Bond through your 

Payroll Savings Plan! At all times 

better than ready cash, Victory 

Bonds are industry's  "Thanks" to 

our returning heroes!  

START YOUR VICTORY DRIVE 

TODAY! 

Every Victory Bond aids in assur

ing peacetime prosperity for our 

veterans, our nation, your employ

ees- and your own industry! 

The Treasury Department acknou:/edges with appreciation the publication o/this message by 

Scientific American 

* This is an official U. S. Treasury advertisement prepared under the auspices of the Treasury Departmmt and War Aallertising Council * 
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ENGI N EERI NG Conducted by EDWIN LAIRD CADY 

P rec i s i on  Q u e n ch i ng 
By Control of the Pressure, Temperature, and Turbulence of Quenching 

Mediums, Engineers Have Mad� it  Possible to Predict, With High Ac

curacy, the Exact Amount that Metals  Will be Distorted by Heat Treat

ment. Through Use of these Methods, Machining Time Can be Reduced 

W HEN makers of metals shav-
ing machines announced 

that they could predict within a 
few ten thousandths of an inch the 
amounts and directions in which 
metal parts would warp and change 
dimensions when being heat treated, 
they added one more bit of evidence 
to the belief that precision quench
ing will bring a brand new era 
to the metals fabricating arts. 

Precision quenching is itself an 
application of machinery to estab
lish and control the shapes and sizes 
of finished pieces. It is a mechanical 
engineering art. But it is mechani
cal engineering wed to metallurgy. 
And its real effects will extend far 
beyond the development and use 
of equipment for its own operation. 

To the extent that preCISIOn 
quenching proves practical, every 
production machine from the hum
blest lathe or drill press to the most 
highly organized automatic will 
find the work assigned to it affected. 
Grinding and lapping-those final 
operations of super-finishing and of 
ultimate accuracy-will be displaced 

from one operation, be given brand 
new opportunities to improve an
other. 

Product designers will select ma
terials and design parts in shapes 
which never before were practical 
for production lines. The metal
lurgist will move still farther out 
of his cloistered laboratory (he has 
been inching his way out of there 
for a long time) and still closer to 
a post along the production line. 

The process of quen:ching has been 
known for thousands of years. The 
steel or other metal part is heated 
to a temperature which varies with 
the material. As it approaches this 
temperature it goes through a 
"critical range" during which its 
granular structure changes. If it is 
then allowed to cool slowly enough 
the granular structure may change 
back again. But if it is cooled quick
ly enough the granular structure 
can be trapped in its changed con- " 
dition. Then the metal, in accord
ance with its nature and the way 
the whole heat-treating operation 
was carried out, will be harder, 

stronger, more elastic, or have other 
characteristics which are more de
sirable for its purpose than the ones 
it had before it was heat treated. 
The quick cooling is accomplished 
by plunging the heated part into 
water, oil, air, salt compounds, soft 
metals, or other media ; this opera
tion is known as quenching. 

MOR E U S ES-It is not surprising 
that the makers of precision shaving 
machines and of other ' equipment 
which machines so accurately that 
final grinding of parts can be elim
inated, should be among the pio
neers in precision quenching. Pre
cision quenching aims at the accu
rate control of surface' finishes, 
dimensions, and contours of " parts 
as well as control of granular struc
tures and characteristics. If the sur
faces and dimensions are changed 
by non-precision quenching then 
they must be restored - and in 
some cases created - by grinding. 
This means that many a parb will 
not be finished · accurately until 
after it has been quenched, since 
that accuracy would only be de
stroyed by the heat treatment. 
Thus, accurate machining propon
ents could even be opposed · to the 
need for leaving enough "grinding 
stock" so that no matter how the 

courtesy Bethlehem Steel C'oII1P&II.J CourteQ Surface Combustion 
Hot metal bars being removed from high temperature 
chamber of heating furnace onto quench tank rollers 
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Hardening metal parts without brittleness may be done 
on · ·  the production l ine  by quenching i n  molten salt 
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part might warp in the q uellching 
it could still be ground true to size 
and shape. But with preCiSion 
quenching the parts can be ma
chined accurately before hardening 
and high-accuracy machining equip
ment will find more employment 
accordingly. 

Hard OIl the heels of these ma
chine makers are the producers of 
inexpensive plain carbon and "low" 
alloy steels and of aluminum, mag
�esium, and other alloys. There is 
many a low cost alloy which could 
be given hardnesses and other 
characteristics good enough to ena
ble it to displace higher cost alloys 
if only it could be quenched without 
warpage, internal weakening, or 
outright breakage. Moreover, the 
higher cost "high" alloys could find 
brand new fields of usefulness if 
this same quenching problem could 
be solved for them. 

Warping and other deforming is 
almost entirely a function of the 
speed with which the heat is re
moved from the part. Usually the 
entire part is heated, although there 
is some "skin hardening" in which 
only the surface of the part is 
heated before being quenched. But 
in any case the heat must travel 
from its innermost penetration out 
to the surface of the part and then 
be removed. If a part has thin sec
tions integral with thick ones (ex
ample : the teeth of a gear integral 
with its main body or hub) then 
the heat will tend to travel out of 
the thin sections while the thick one 
is still very hot, and the teeth may 
warp. But if that same gear can be 
so quenched that the thick part and 
the thin parts cool at rates which 
are not out of satisfactory balance 
with each other then the warpage 
can be held 'Wlithin controllable 
limits. 

And those amounts of warpage, 
together . with their directions, can 
be predicted. Thus the art of pre
cision quenching becomes one of 
foretelling exactly what the warpage 
will be and of allowing for it, and 
quenching becomes a means of 
making planned changes in dimen
sions and contours of parts - an 
art to take its place beside those of 
machining and grinding as a means 
of obtaining final shapes and sizes. 

Side by side with the warpage 
problem is that of the natures of 
alloys. If heated above their criti
cal ranges and then plunged into 
cold water, some high alloy steels 
would literally explode into small 
fragments when their exteriors 
cooled and contracted much more 
rapidly than their interiors. Some 
low alloy or carbon steels, by con
trast, fail to harden because there 
is no quenching medium which will 

Right : "Jet" 
quench 

nozzles in 
rol ler-hearth 

e lectric 
furnace 

Below : Gear 
revolves i n  
heater  coils 

during 
automatically 

controlled 
heating and 

quenching cycles 

Courtesy Lepel High Frequency LaboratorJes . Inc. 

remove their heat rapidly enough. 
BetweeIl these two extremes, var
ious alloys can acquire all sorts of 
locked up or residual stresSes dur
ing quenching operations. The 
locked up stresses may not warp or 
break the part at once, but they 
will cause it to warp or "creep" 
gradually over a period of years or 
they will make their presence 
known by warping the part the first 
time it is machined, strained, or 
slightly injured so · as to afford the 

. stresses a path of escape. And all 
of these problems are related to the 
speeds with which quenching me

diums remove heat from the parts. 
So the precision quencher must 
prediCt the exaet amount and direc
tion in which the part will warp 
or change in size, must make the 
part so that after warping it will 
be to the required size and shape 
within a few ten thousandths of 
an inch, and must do all this while 
respecting the behavior of the alloy 
of which the part is to be made. 

MODERN MEDI UMS-The first re
source of precision . qUenching is the 
wide list of rnodern quenching me"-
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diums. It is the boast of large oil 
companies and other makers of 
quenching mediums that they can 
give the metallurgist any quenching 
speed he wants, from the extremely 
rapid one of wetting-out additives 
in water to the extremely slow ones 
of lime and asbestos products, with 
all the speed gradients of various 
oils in between. The medium can be 
suited to the desired speed. 

Mechanical control of the entire 
quenching operation is the second 
but by far the more important re
source. In fact, precision quenching 
depends far more upon mechanical 
engineering than upon outright 
metallurgy. 

The temperature of the quenching 
medium must be controlled me
chanically. This is largely because 
the speed with which the medium 
quenches is largely dependent upon 
its temperature. Quenching involves 
the transfer of heat from the metal 
to the medium, and since the rate 
of heat transfer is directly affected 
by the temperature difference be
tween the hot and the cold body, 
a heated medium (medium for me
dium) will quench more slowly 
while a cooled one will quench more 
rapidly. 

Viscosity of an oil, or of any other 
medium which is subj ect to wide 
changes in viscosity, will be af
fected by temperature. And the 
quenching speeds of oils can vary 
widely with their viscosities. Fur
thermore, the viscosity of an oil 
affects the ease with which it can 
be caused to impinge upon all sur
faces of the metal part simultan
eously or to reach selected sur
faces in selected sequences, which
ever is desired; heavy bodied oils 
are much harder to control in this 
respect than light bodied. 

Water and oil vary directly in the 
effects of their gasifying when used 
as quenching mediums. The steam 
from water · has less cooling ability 
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than the water but the vapor from 
oil has slightly . more than the oil 
itself. The water ther�fore may he 
used at the coldest practical tem
perature so as to increase the 
amount of heat it will take away 
from the metal before turning into 
steam, while oil is quite commonly 
used at temperatures ranging from 
110 to 120 degrees, Fahrenheit. 

One effect of gasifying is that the 
medium will impose one cooling 
rate where it is striking the metal 
as a liquid and another where it is 
impinging as a gas only. Control of 
this factor is among the newest and 
least developed arts of precision 
quenching. Water may be mixed 
with such additives as sodium chlor
ide to decrease the rate at which 
it will gasify and thus increase the 
net area which it . contacts as a 
liquid - thus increasing both the 
speed and the uniformity with 
\Vhich it will quench-or it may be 
mixed with soaps and other addi
tives to achieve the opposite effects. 
Oil may be fed at varying tempera
tures to change the areas impinged 
upon by liquids and gases - shop 
men say "for every oil and every 
j ob there is an ideal temperature" 
- and it, too, can be varied in its 
action by the use of additives. 

S P E E D  R E D U C E D-Oil under high 
temperature conditions will oxidize, 
with the result that its quenching 
speed is reduced. Large batches of 
quenching oil, as much as 5000 gal
ons at a time, have had to be dis
carded for this reason. Oxidation 
inhibitors can be used, but tests 
have shown that after tne oils have 
been held for more than two or 
three hours at greatly elevated 
temperatures, some of the most 
common of these inhibitors lose 
their effectiveness and the oils oxi
dize j ust as rapidly as if they were 
not present. This is just one more 
reason f(lr the mechanical control 
of the temperature of the quenching 
medium. 

In precision quenching, materials 
handling must be exact. Parts must 
be taken from the furnaces or other 
heating means to the baths with 
minimum exposure to the air. They 
must be held in . exactly the right 
positions and go through the bath 
or be exposed to the j ets of quench
ing medium while travelling at the 
correct speeds. 

Cleaning of the parts to be 
quenched is another mechanical 
engineering function. Research has 
shown that any fine chips or other 
"metallic dirt" placed in the oil 
bath at quenching temperatures will 
act as a catalyst to hasten the oxi
dation of the oil. This has definitely 
been proved for alloys which con-
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courtesy 
Stainless steel being subjected to 
regularly conducted pilot tests to 
determine response to heat treatment 

tain any iron or copper, but alumi
num and magnesium are suspect as 
well. Lead is a catalyst; it must not 
get into the bath. Any shop dirts 
can be contaminants. 

TU R B U LENC E-Feeding of the oil 
to the parts to be quenched is one 
of the most important mechanical 
engineering functions. Turbulence 
in heat transfer from metals to 
liquids is a vital aspect of the prob-

STI FFEN I N G  S HEETS 

Can be Accomplished by 
Sacking or Denting 

• • 

I T IS nearly impossible to bend the 
edges of large sheets of thin metal 
without bulging or curving the main 
or "flat" areas to some degree. Even 
when dead-soft sheet stock is used 
there is some spring-back of the 
sheet after making the bend at the 
edge, and if the unbent area is large 
enough this spring-back will appear 
as slight curvature near the edges. 

In most cases the only damage 
done by this bulge is that the metal 
makes a slight noise when anything 
presses against it-that noise often 
being called the "oil-can effect" be
cause it is caused by the same action 
that makes the well-known noise of 
pressing a thumb against the bot
tom of an ordinary oil can. But this 
noise almost never is desirable and 
in some cases (for example, the 
large thin sheet surfaces of airplane 
parts) it can be highly undesirable. 

One way of removing or minimiz
ing the noise is to fasten the thin 
sheet to a thin but stiff backing ma
terial such as plywood. Here the 
modern glues are valuable. They 
\Vill hold the metal to the wood 
while compensating for the differ
ences of . thermal expansions and 

lem. It has been shown that oil can 
be made to approach the quenching 
speed of still water if directed 
against the work with sufficient 
pressure and turbulence-that those 
factors of pressure and turbulence 
alone can multiply the quenching 
speeds of various mediums by three 
or, through control, by any desired 
amount up to three. Many engineers 
prefer to use just one quenching 
oil for all of their work and to vary 
its cooling speed by the tempera
ture, pressure, and turbulence with 
which it is fed. 

Often the solution of a quenching 
problem is to direct a stream of the 
quenching medium at some one part 
or area of a part, or at selected or 
successive areas, before the part as 
a whole is quenched. Tricks like 
these bring quenching into the 
realm of the designing and operat
ing of quenching machinery. Mod
ern precision quenching, then, is a 
marriage . between metallurgy and 
mechanical engineering, with the 
metallurgist saying what is to be 
done and the mechanical engineer 
showing how. And this new art may 
change many phases of metals pro
duction and machine design. 

• 

contractions of the two materials. 
Another way is to corrugate or 

otherwise bend the metal to stiffen 
it and reduce its motion under pres
sure. And here many new tech
niques are being developed. 

Rather than going to the extreme 
of actually corrugating the sheet, 
special pressing dies are used to put 
slight bends or dents into the flat 
area after fabricating or shaping the 
edges. Corrugating could have the 
disadvantages of adding to the total 
weight of sheet necessary to cover a 
given area, or of providing hollows 
in which dirt could be entrapped or 
by which air resistance would be in
creased. Controlled bending or 
denting can minimize if not elim
inate such disadvantages while add
ing the exact degrees of stiffness de
sired. The areas to be dented can 
be selected in many cases to reduce 
further the disadvantages of irreg
ularities of surface. 

Like so many techniques origin
ally developed for aircraft, this one 
can have important effects upon 
other industries. It can be used to 
reduce both . noise and cleanliness 
problems in ducts, chutes, bins, and 
louvers. Sheet metal roofs can be 
made less noisy during rain and 
hail storms; machine guards quieter 
when machines vibrate. 
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FLYING ANTENNAS . . . Televi sion and FM 
programs wil l be "beamed" . (sol id l i nes) from 
grou nd  slalions . . .  and from pla ne·lo·plane 
(dolled l i nes) . . .  for  rebroadcasl 1 0  shaded 
�reas. 1 4  SIralovision planes, now being devel· 
oped by Glenn  l. Marl in Company, can cover 
78% of the n olio n's popu lalion .  

How Westinghouse STRATOVISION 
took the final headache out of Television and FM 

EVEN before the war ended, Tele
vision and FM transmitting and 

receiving equipment had reached 
a high degree of perfection. But a 
final difficulty remained-the prob
lem-of broadcasting such programs 
on a nationwide basis. 

Because of the ultra-high fre
quencies employed, Television and 
FM waves travel only in straight, 
"line-of-sight" direction. They do 
not bend around the earth's sur
face • • •  as do those of standard
band radio. 

This limits the range of a Tele
vision or FM station to a maximum 
of 50 miles - even when perched 
atop the tallest building. ' 

A chain of radio-relay stations 
across the c ountry - or coaxial 
cables spanning the nation - have 
been proposed as a solution. But 
these are terrifically expensive and, 
worse yet, cause serious distortion 
of long distance programs. 

Now, at last, Westinghouse re
search engineers have discovered 

a p r a c t i c a l  s o l u t i o n  t h r o u gh 
"STRATOVIsION"-broadcasting Tel
evision and FM programs from 
planes flying six miles high in the 
stratosphere! 

At this altitude, a single Strato
vision plane can cover an area 422 
miles in diameter . . . 103,000 square 
miles . . .  approximately the com
bined area of New York, New Jer
sey and Pennsylvania. 

Westinghouse engineers predict 
that 14 of these flying broadcasting 
stations can transmit 4 Television 
and 5 FM programs simultaneously 
to 78% of the nation's population. 

The conception and planning of 
Stratovision broadcasting are a 
tribute to the ingenuity and engi
neering "know-how" of Westing-

house radio technicians . . .  gained 
through producing $400 ,000 ,000 
worth o f  Radar and radio equip
ment- for our armed forces. 

HERE'S THE SECRET • • •  Stratovision broadcast· 
ing, serving an area of 1 03,000 square miles, will 
require only 1 I50th as much power as a 50 kilo· 
watt g rou nd transmitter covering only 7,900 
square miles. That's why a single Stratovision 
plane can easily ca rry a n d  power the equipment 
needed for simultaneously transmitting 4 Tele' 
vision and 5 FM programs. 

Tune in: JOHN CHARLES THOMAS - Sunday, 2:30 pm, EST, NBC. 
TED MALONE - Monday through Friday, 1 1 :45 am, EST, American Network 
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ELECTRON I CS Conducted by KEITH HENNEY 

Ref i ne ry E l ec t ro n i cs 
Temperature Recorder Aids i n  Accurate Separation of Compounds 

Whose Boiling Points Are Very Close Together. Another Electronic I n 

strument Measures t h e  Thickness o f  Walls  o f  Pipes and Tanks, a n d  

Gages Liqu ids Heights in  Vessels Without Access t o  Thei r  I n teriors 

By VIN ZELUFF 
Associate Editor. Electronics 

I N  MODERN oil refineries the boiling 
points of the various constituents 

to be separated by fractionation 
must be predetermined accurately. 
This is now accomplished with an 
electronic instrument that utilizes 
electron tubes to magnify small tem
perature changes. 

A high-sensitivity, fine-wire ther
mocouple, consisting of six indi
vidual couples spaced about half an 
inch apart, is located in the reflux 
zone of the fractionating column. 
The voltages produced by these 
thermocouples are amplified by the 
electron tubes and recorded con
tinuously by pen on a time-tempera
ture strip chart. 

The instrument finds particular 
application at present in the rapid 
and accurate analyses of four- and 
five-carbon hydrocarbons. The spe
cial thermocouple covers all pos
sible positions of a wandering con
densation ring, which is known to 
vary several inches up or down in 
the fractionating column. Thus the 
true boiling point of a compound 

Control box of the Penetron. Meter in 
center gives readings i n  m icroamperes 

is accurately recorded no matter 
which couple is located in the coldest 
zone. The Brown Instrument Com
pany's electronic recorder and a 
special Podbielniak fractionating 
column makes possible rapid and 
accurate separation of compounds 
whose boiling points are only one 
and one half degrees apart, a feat 
which cannot be accomplished by 
older types of apparatus. 

To accomplish the perfect blend
ings necessary in producing 100-
plus octane gasoline, Richfield Oil 
Corporation has installed this elec
tronic equipment in its newly ex-

Diagram il lustrating the principle 
of the Penetran. S is the source of 
gamma rays, Sh the shield, and D the 
detector, all in the instrument head. 
Arrows indicate back· scattered rays 

panded refinery near Los Angeles. 
The new development considerably 
reduces distilling time, gives in
creased accuracy, and opens up a 
new field in fractional distillation. 

TH ROUGH STEEL WALLS-Wall 
thickness and liquid level measure
ments are important in many phases 
of oil refining. Such measurements 
can now be made ,from the outside 
of sealed vessels with an instru· 
ment called the Penetron. This in
strument, utilizing electronic and 
radioactivity principles, can measure 
wall thicknesses when access can 

be had to one side only, can gage 
liquid height and density from the 
outside of sealed storage" tanks, and 
can be adapted to control levels in 
process units, such as the solvent
oil interface in a solvent refining 
tower, or to determine and control 
the catalyst level in catalyzed 
chemical reactions-all through 
solid walls of steel or other material. 

The Penetron consists of two 
main parts-the head and the con
trol box. The head contains the ra
diation source, the detector, a shield 
between the two, and a three-stage 
preamplifier. It weighs about seven 
pounds and is connected by a cable 
to the control box which contains a 
measuring circuit and the power 
supply. The head is completely 

Above : Showing how Penetron is  used 
i n  measuring wall  thickness. Magnetic 
holder secures i t  outside of pipe. 
Below ; In measuring wall  thickness 
from inside, head is  held against 
pipe by means of a pneumatic holder 

sealed in its metal housing, to in
sure safety in refineries and other 
locations where explosive hydro
carbons may react to sparks. 

In operation, the instrument 
bombards the tank walls and the 
material inside with gamma rays 
which · are derived from a needle 
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containing one milligram of radium 
in the form of a commercially avail
able ' salt. These gamma rays travel 
with the velocity of light, and are 
not deflected by magnetic or electric 
fields. Some of the rays are back
scattered by the electrons of the 
atoms in the material being in
spected, so that they emerge from 
the material on the same side as 
they entered. 

By measuring the intensity of this 
back-scattered radiation, the thick
ness of the material, whether it be 
aluminum, steel, plastics, brass, 
wood, or other material, can be de
termined with extreme accuracy. 
By the same means, liquid levels 
and liquid densities are found. 

The radium source in the Pene
tron is surrounded with a shield 
containing a window which directs 
the beam of gamma rays in the de
sired direction. The source of radia
tion, the tank wall, and the detector 
are set up in accordance with a pre
determined geometric arrangement. 
A metal shield between the radio
active source and the radiation de-

Brick 
suppor fs /  

I 
I 

87 I 

88 

88 

Electronic tubes of 
variou6 types 

monitor anc! �ontrol 
many of the vital 

processes in 
petroleum refining.  

Shown below is 
the new Richfield ' h igh

octane refinery 
in California 

tector prevents direct radiation 
£rom entering the detector. 

The radiation picked up by the 
detector creates current discharges 
which are amplified and integrated 
to produce a direct current. The 
amount of current produced is meas
ured by a microammeter. 

For determining the extent of 

I I  
I I. I I  
I I  I 

Measurements of wal l  thicknesses mode with the Penetron from the outside of a large 
surge drum. The contour lines a re drawn ' through points of equal  thickness; the num
bers indicate hundredths of an  inch. Severe erosion of the interior of the tank wall 
is revealed by the presence on the chart of several very small c losed contour loops 
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wear of tubes and vessels due to 
corrosion, fuming, or erosion,. . the 
reading of the microammeter is 
converted into wall thickness in 
inches. The instrument is calibrated 
on specimens of tubing and flat 
plates having known wall thick
nesses. Because the geometrical re
lationship between the measuring 
head and the wall changes with the 
curvature of the wall, the calibra
tion curves for a wall of a given 
composition will vary depending on 
the diameter or curvature of the 
wall or vessel being measured. 

Calibration curves are furnished 

with the instrument. Walls of sim
ilar materials produce the same 
curves. Thus the calibration curves 
for iron also can be applied to al
loyed steels. 

Wall thickness measurements can 
be made on pipes which contain 
fluids, if a correction is made to take 
into account the influence of the 
fluid on the reading of the instru
ment. This is made simply by estab
lishing a calibration curve for pipes 
of known wall thickness filled with 
the same fluid. 

The Penetron can be used for 
measuring iron or steel walls up to 
approximately 0.75 inch thickness. 
For other materials the limit is dif
ferent, being approximately one 
inch for a,iuminum. Since the pene
trative power of deflected or scat
tered gamma rays is less than that 
of the primary rays, rays which 
are deflected beyond a certain depth 
are completely absorbed before 
reaching the surface as back-scat
tered radiation. 

The accuracy of the instrument 
has been estab1illhed to be within 
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the limits of plus or minus 3 percent. 
The Penetron measures the aver

age thickness over an area of ap
proximately one square inch. It 
measures the total thickness or vol
ume and not the thickness of any 
one layer. If, however, a laminated 
wall is composed of, say, two layers 
of different materials, the Penetron 
can be used to measure the thick
ness of either layer provided the 
thickness of the other layer is 
known. 

The individual pulses of current 
created in the detector do not fol
low each other at regular intervals 
because the rate of emission of 
gamma rays by radium is quite ir
regular. The emission follows cer
tain statistical laws and fluctuates 
around an average value. The ac
curacy of the instrument thus in
creases as the time of observation 
is increased. The minimum time for 
each reading is 25 seconds. Includ
ing moving the instrument, set-up 
time, and recording of results, in 
actual field work it is possible to 
make measurements at 150 or more 
points during a working day. 

FLU I D  MEASUREMENTS - The 
density of a fluid inside a container 
may be determined directly without 
access to the fluid itself. In experi
mental work employing a Penetron 
situated on the outer wall of a con
tainer having a wall thickness of 
0.3 inch, it was found possible to 
check the specific gravities of fluids 
having values of between 10 and 75 
degrees Baume with a high degree 
of accuracy. This measuring tech
nique can be used advantageously 
for determinmg specific gravity of 
liquids in tankage, routing the flow 
of oil in pipe lines, control of blend
ing operations in which two mate
rials of different densities are 
mixed, determination and control 
of proportions of reactants in chemi
cal processes, and in other applica
tions to determine the density of a 
substance without sampling or with
O\1t access to the material. 

If the head of the Penetron is 
placed on the wall of a vessel par
tially filled with liquid and above 
the level of the liquid, the amount 
of back-scattered radiation is due 
entirely to the wall of the vessel, 
since the density of the air or vapor 
in th� vessel is negligible by com
parison with the density of the ma
terial comprising the wall. 

If the head is moved down the 
wall, the reading of the instrument 
remains constant until it reaches a 
point opposite the level of the liquid 
in the container. At this point, the 
meter of the instrument will indi
cate an increase in back-scattered 
radiation since the radiation pass-
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ing through the wall is scattered 
not only by the wall but also by the 
liquid in the vessel. The point on the 
wall at which an increase in reading 
is obtained indicates the level of the 
liquid. In the same manner, the in
terface between two fluids of differ
ent densities can be located easily 
and accurately from the outside of a 
container without actual access to 
the interior of the container. 

By proper instrumentation, the 
Penetron may be adapted to control 
as well as to locate liquid levels. 
In addition, a continuous record of 
levels may be obtained by employ
ing a recording device . 

SOLUTION CONTROL 

Made Possible By 
Eledronic Device 

C O�TINUOUS measurement of the 
electrical conductivity of a solution, 
and sounding of an alarm when pre
determined limits are exceeded, is 
now made possible by a unit avail-
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Arrangement of solution control un it  

able in a packaged form from Pho
toswitch, Inc. Automatic control is 
easily added, so that the electronic 
unit will open and close valves or 
start and stop pumps so as to main
tain the concentration at a desired 
value. A 5 percent change in the re
sistance of the fluid in the circuit 
of the detecting probe is sufficient 
for operation. The voltage at the 
probe does not exceed 25 volts, 
which eliminates the possibility of 
electric shock or explosion hazards. 

RAZO R BLADES 

Inspected by 
Photocells 

I N AT least one razor-blade factory, 
the sharpness of each finished blade 
is checked automatically by an un
usual electronic technique. A nar
row, intense beam of light is directed 
at an angle across the shaving edge. 
Light reflected by dull portions of 
this cutting edge enters a self-gen
erating photoelectric cell that feeds 
an indicating galvanometer directly. 
The sharper the blade, the less light 

reaches the electric eye and the 
lower is the meter reading. Auto
matic rejection of excessively dull 
blades is but a step further, involv
ing use of a phototube, amplifier, and 
relay arranged to actuate an elec
tromagnet that knocks a blade off 
the conveyor if it reflects more than 
a predetermined amount of light 
into the photo tube. 

FI LM WIDTH 
Now Measured Accurately 
By Vacuum-Tube Gage 

A NEWLY · developed vacuum-tube 
gage is capable of measuring the 
width of motion-picture film to an 
accuracy of 0.002 millimeters while 
the film is in motion, without injury 
to the film from pressure. A small 
lever swinging on a bearing has a 
rounded surface that presses lightly 
against one edge of the film as it 
passes through the gage. The lever 
swings outward and inward as the 
film width varies, causing corre
sponding movements of an attached 
metal disk that forms one plate of 
a two-plate variable capacitor. 

A change in film width is thus 
converted into a change in capaci
tance, and this change is amplified 
electronically by vacuum tubes and 
made to actuate a meter which is 
calibrated to read film width direct
ly in millimeters. 

M ETAL STITC H I N G  

Controlled b y  New 
Eledronic Unit 

A COMBINATION electronic and elec
tro-mechanical seam welding con
trol unit has been developed by 
Westinghouse primarily for stitch-

Disk of the s.am welder or stitcher 

ing together metal sheets. It is be
ing used for the fabrication of such 
units as oil drums. The duration 
of each welding pulse can be chang
ed by inserting or removing pins 
from a 120-hole disk. 
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AVIATION Conducted by ALEXANDER KLEMIN 

Ca rg o By Ai r 
Cargo Airliners ot Tomorrow Will  Br ing Choice Tree Ripened Fruits, 

Fresh Vegetables, and  Flowers from Far-Off Corners of the World i n  

Specia l  Refrigerated Compartments. M a n y  I nd ustries W i l l  Profit by 

Us ing Air Freight  to Ship Ligh t-Weigh t  a nd Perishable Merchand ise 

MOST important of the many 
questions confronting the 

airlines today are those concerning 
the amount of air cargo that will be 
carried in the future and the char
acteristics of such cargo. Air cargo, 
according to William A. Patterson, 
president of United Air Lines, is an 
all-inclusive term that excludes 
only passengers and should be 
applied to passengers' baggage, 
mail, and what is commonly re
ferred to as express and freight. No 
matter what definition may be ac
cepted, the answers to the questions 
regarding air cargo will affect not 
only the design of airplanes them
selves but the whole future of airline 
organizations as well. 

Furthermore, the problems of air 
cargo interest many more people 
than j ust airline executives. Every 
business man in the country who is 
concerned with the shipment of 
goods is almost equally involved. 
Every shipper wants to know what 
is coming in the air age-what can 
and should be carried by air, what 
rates may be expected, and how re
liable the carrying of air cargo will 
be. These questions cannot yet be 
answered in definitive fashion, but 

Courtesy National Skyway ll'relght CorporaUoo 

an �xamination of the Opll1lons of 
well informed men, of the statistics 
which have come from reliable sur
veys, and of the actual results of 
carrying cargo by air to date is well 
worth while. 

The air transport operators are 
most optimistic of the future of their 
operations in general. In their early 
expanded post-war fleets, 19 airlines 
of the United States expect to have 
975 planes operating at higher 
speeds than formerly, with many 
new comforts, and seating 36,180 
passengers. And to raise their equip
ment to meet post-war programs, 
the airlines have ordered or have an 
option on 409 new planes, according 
to the Air Transport Association.  
But what is  of more immediate in
terest is that these new planes will 
have greatly enlarged compart
ments for cargo. There will be im
provements in type and location of 
hatchways to facilitate loading and 
unloading. Some of the planes will 
have quickly adjustable cargo space, 
so that the number of seats and size 
of the cargo hold can be varied to 
accomlnodate the proportions of the 
load. 

The increase in cargo capacity 

Spacious 
interior of 

cargo plane 
permits 

handl ing of 
many types of 

air  freight
even household 

furniture 
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Courtesy United Air Lines 
Shipment of gardenias kept fresh in 
cooled F iberglas i n su lated conta iner 

contemplated is remarkable. The 
airlines last year carried a total of 
202,879,006 pounds of mail, express, 
and excess baggage. With their new 
planes, cargo capacity will be in
creased five fold. They will be able 
to handle in the coming year Q. bil
lion pounds of cargo. 

One of the first modern all-cargo 
planes to be built has a maximum 
gross weight of 45,000 pounds; a tri
cycle landing gear; a fuselage floor 
level with truck floor height and 
fitted with skid strips and tie-down 
rings for fast and secure loading. 
It has a useful load of about 18,000 
pounds, a payload of 13,113 pounds 
at a range of 500 miles, and a cruis
ing speed of 190 miles an hour. The 
cargo compartment has a storage 
capacity of 2870 cubic feet and a 
floor area of 347 square feet. Such 
cargo carriers will undoubtedly 
supersede all the converted military 
transports. It will, indeed, be better 
for the aviation industry, better for 
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the airlines, and better for the na
tion at large if the great bulk of 
military air transport equipment be 
frankly regarded as obsolete. 

AI R CARGO TO DAY-What are the 
air lines already doing in air cargo 
work? American Airlines (now be
come American Airlines System 
since it absorbed American Export 
Airlines and has Wldertaken ser
vices to Europe) has converted the 
famous Douglas DC-3 to all-cargo 
use and named it the "Airfreighter." 
In the first six months of this year 
American flew almost two billion 
air freight pOWld miles. This is defi
nite accomplishment to back up 
prophecy or expectations. 

Freight by air will be selective in 
character; it is hardly to be expected 
that coal will be flown from the 
mines, or wheat from the western 
plains. As United's Mr. Patterson 
has said, passengers when delayed 
merely grumble; air cargo Wlduly 
delayed may turn to garbage! For 
no class of merchandise is time more 
important than flowers, the ultimate 
in perishability. United, working in 
co-operation with Owens-Corning 
Fiberglas Corporation, has devel
oped what has been called "a floral 
ice box." 

Gardenias have thus been carried 
in an airliner, packed in Fiberglas 
cloth containers insulated with light 
Fiberglas insulation. Each container 
weighs 25 pOWlds and has a capacity 
of approximately 120 cubic feet. The 
top is equipped with five pockets 
which accommodate slabs of dry ice, 
one inch thick and ten inches square. 
The walls of the containers are ap
proximately one inch thick and ac-

cess to the interior is made possible 
by a zippered opening rWlning al
most the entire height of one side. 
Tests in a United "Cargoliner" were 
completely successful; 35 boxes of 
gardenias, weighing six pOWlds per 
box, were flown via air-express 
from San Francisco to Chicago. 
Cabin temperatures sometimes rose 
to 100 degrees when the ship was 
on the groWld. Flowers carried out
side the refrigerated box became 
dehydrated; gardenias in the con
tainers arrived in perfect condition. 

Of course it may be argued that 
gardenias a.re a de luxe commodity 
which can demand great care and 
corresponding expense. But does not 
the experiment warrant a belief 
that other perishable goods can 
profitably be carried by air? Claude 
N. Palmer, of the United Fresh 
Fruit and Vegetable Association, 
has a vital interest in the problems . 
of carrying perishable fruits and 
flowers on a large scale. Mr. Palmer 
recently said: "I believe I can tell 
you that the future of all air trans
port of goods hinges to a greater ex
tent upon a large and continuous 
volume of perishable soil products 
than upon any other source of pay
load. Why? The answer is simply 
that fresh fruits and vegetables hold 
a key to the profitable operation of 
trqIlsport planes on their west-to
east and south-to-north flights." Mr. 
Palmer also reported on the work 
of the Ralph E. Myers Company, of 
Salinas, California, which has been 
conducting test shipments to east
ern markets for the better part of a 
year, and which has laWlched a 
program of thrice-weekly air car
goes, the first of which consisted of 

Cargo hatches are designed to facil itate quick handling of freight 

18,500 powlds of California toma
toes, plums, apricots, strawberries, 
and lettuce. These 18,500 pOWld 
shipments, the largest civilian 
freight movement by air ever Wl
dertaken, are being made in a new 
transport plane which was designed 
and built by Consolidated-Vultee. 
There will be great competition for 
the carrying of fruits, vegetables, 
and flowers by railroads and trucks. 
But a tremendous potential in air 
cargo seems to exist also. 

COSTS-It is too early to speak 
specifically of costs, and difficult to 
say what industries will first take 
full advantage of air freight. The 
costs will depend on volume and the 
volume will depend on costs. Air 
shipment will be expensive for a 
long time to come, and will have to 
depend for its development upon 
greater speed and convenience. But 
a survey made by the Evans Trans
portation Research has done a great 
deal to clarify the situation. When 
Colonel L. H. Britain laWlched the 
survey in co-operation with the De
troit Board of Commerce, he asked 
but one question: 

"If a reliable daily all-air freight 
service was provided that would 
leave Detroit at the close of every 
business day, and arrive at San 
Francisco early next morning, at a 
rate of $10.00 per hWldred, or ten 
cents per pound, airport to airport, 
how much poundage would your 
company be likely to ship in an av
erage month by such service, for re
distribution to Pacific Coast points 
and for export from San Francisco? "  

Replies . were promptly received 
from 30 percent of those firms to 
whom inquiry was sent and re
moved a great deal of the guess work 
which has accompanied industrial 
thinking about air cargo thus far. 
The survey indicated that at the 
above costs, and at the above rate 
of speed, 200 Detroit factories would 
ship over 350,000 pounds per month 
from Detroit to the San Francisco 
gateway. And this at 10 cents a 
pound, be it noted, for the long 
haul. 

The three leading shippers by air 
would be the following, in order: 
the small tool and die industry; the 
automobile and automotive parts 
industry; and the pharmaceutical 
industry and related producers. The 
chief reasons given by these firms 
for regular air ' shipments were 
emergencies, reduction of inven
tories, and the offsetting of local 
Pacific Coast competition. Other 
firms saw possibilities of expanding 
limited local markets. About 200 
firms were interested. Negative re
plies were received from 236 firms 
who gave as their principal reasons 
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that the shippel' could not conunit 
his customers to increased shipping 
expense, and that for heavy articles, 
ten cents a pound might increase 
cost of the product by a third of its 
value, which would be prohibitive. 
It is also interesting to learn that 
93 percent of all shipments would 
be in units of 1000 pounds or more. 

F LY I N G  COSTS-On the question 
of cost, what may be expected from 
the plane builders whose engineers 
are busily constructing aircraft - of 
greater size and with lower operat
ing costs ? Fred B. Collins, of Boeing 
Aircraft, summarizes the situation 
as follows : "There are several ways 
in which economies of operation 
can be obtained. One of the most 
important is by cutting the cost of 
flight itself, through more advanced 
performance characteristics which 
are inherent in the newer airplane 
design. Another is by designing to 
decrease the time and cost of main
tenance and of ground operations. 
Increased speed of flight becomes a 
means of saving cost because it en
ables the operator to spread his 
fixed operation costs over a greater 
number of miles per hour . . .  As a 
result of advances in these various 
directions, transport planes will be 
available for immediate post-war use 
which will operate at as low as 8 
mills per passenger mile for stand
ard passenger versions or 4 cents 
per ton mile for all-cargo versions. 
These figures compare with operat
ing costs of present type transport 
equipment in airline use ranging 
from 1.8 to 2.5 cents per passenger 
mile and approximately 17 cents per 
cargo ton mile." 

There are other straws in the 
wind. The Manhattan Storage and 
Warehouse Company, for example, 
is experimenting with special air 
shipping containers for fine china, 
glass, medicine, and the like. After 
packing these articles in containers 
of fiber board, plywood, and so on, 
they were dropped from a height of 
52 feet onto a concrete surface with 
astonishingly little damage. 

Other experiments are being con
tinued on dropping of air cargo by 
parachute . .  And Air Cargo Trans
port is operating non-scheduled 
charter flights, ready to pick up and 
deliver by air any special cargoes, 
of which the recent shipment of 40,-
000 vials of penicillin to Latin 
America from La Guardia Field is 
typical. 

POTENTIA L-While fantastic prog
nostications of air cargo operations 
that will equal truck or railroad 
shipments are hopelessly out of line, 
there is solid support for the con
viction that air cargo has a tre-

mendous potential, that it will rap
idly find its proper sphere of ac
tion, that it will interest a few in
dustries greatly, and almost all in
dustries to some degree. Economists 
are making reasonable surveys, de
signers are building better planes 
and handling equipment, airline op
erators are making intelligent and 
courageous bids to industry and 
business, and business men show 
every interest in and desire for 
greater facilities in aerial transpor
tation of cargo. 

CARGO DROPPING 

From Conveyor 
Belt in Airplane 

T HE Air Technical Service Com
mand of Wright Field has developed 
a conveyor belt for dropping cargo 
by parachute. 

The belt is an endless chain
driven conveyor operated by a 3.87 
horsepower electric motor. Power 

Air-cargo conveyor 

is provided by the 24-volt direct 
current system which is now avail
able on every plane. The belt ex
tends from behind the pilot's com
partment to the rear door of the 
plane, a distance of 22 feet, and runs 
at approximately six feet per sec
ond, or from one end to the other 
in four seconds. The belt termi
nates at a roller-bearing platform 
mounted at the cargo door . .  Pack
ages are deflected round a corner 
and launched in containers from 
the airplane. Static lines open the 
parachutes when the containers are 
15 feet below the airplane. Not only 
is speed in dropping increased, but 
it was found possible to drop 4000 
pounds at a time. 

The containers each hold 300 
pounds, and are carefully engi
neered. They are made of strong 
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cotton duck and webbing or fiber
board. Another feature of the de
velopment is that the area within 
which the cargo is dropped is very 
much reduced. 

WAR TRENDS 

As Foreseen by 
General H. H.  Arnold 

DISCUSSING the air war of the im
mediate past, and the air war of the 
future, General H. H. Arnold re
cently made some highly interesting 
remarks regarding the following 
"observable trends" : 

1 ;  Manned or pilotless airplanes 
traveling at supersonic speeds. At 
such speeds aerial combat as it is 
known today would be impossible. 
2; The development of guided mis
siles and the refinement of their 
controls so that exact hits can be 
made on targets of a mile square or 
less, at any part of the world from 
any part of the world. 3 ;  Improved 
atomic bombs, destructive beyond 
the wildest dreams. 4; Great devel
opments in defense both against air
craft and guided missiles. Every 
new weapon of offense brings forth 
a weapon of defence, and this should 
remain true even in the case of the 
atomic bomb. 5; Perfected com
munications systems between air 
and ground, making possible the 
most intricate maneuvers either by 
piloted planes or pilotless missiles. 
6; Extraordinary developments in 
the launching and landing and sup
plying of air-borne troops. 

ASPHALT AIRSTRI PS 

Surfaced With 
Prefabricated Material 

AIRFIELDS are being surfaced by 
United States Army Engineers with 
a new type of material called 
"P.B.S." ( prefabricated bituminous 
surfacing) .  The surfaces have taken 
the steady pounding of fighter and 
cargo planes as well as medium 
bombers. The new material is noth
ing more than burlap, impregnated 
and coated with asphalt, which gives 
it the appearance of roll roofing. 

One of the unusual features of 
P.B.S., which is made by the Texas 
Company, is the ease with which 
it can be repaired. Small repairs 
can be made by two men with a 
mop, a bucket of asphalt, and a strip 
of surfacing, Swab it, lay it, walk 
across it, and the patch is made. 
For larger repairs, such as bomb 
damage or soft spots formed by 
trapped water, the surfacing mate
rial is slit and folded back, repairs 
are made to the soil underneath, and 
the surface is replaced and sealed 
by adding fresh strips of P.B.S. 
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C H EM I STRY I N  I N DUSTRY Conducted by D. H. KILLEffER 

H ow Soon Ato m i c 
Does the Atom ic Bomb I nd icate the future Mass Destruction of Every 

Living Thing? Or, Preperly Control led, Wil l  I ts Lim itless Energy 

be U ti l ized a nd Harnessed to Serve Mankind as has Electricity a nd 

Wa ter? The Next Five to Ten Yea rs May Possibly Provide the Answer 

WHAT may be the beginning of 
a new era for the human race 

started on August 6, 1945, when, for 
the first time on a scale larger than 
microscopic, the energy of deliber
ately induced atomic disintegration 
was applied to the purposes of man. 
What the characteristics of this new 
era will be is the most exciting and 
most important question now before 
humanity. The possibilities clearly 
lie beyond present scientific treat
ment; perhaps they rather belong in 
that curious realm of super-stimu
lated imagination, the so-called 
"comic strips," where stupendous 
power has long been commonplace. 

Will man's future lead through 
ever-mounting terror and destruc
tion to a climax in the suicide of all 
living things? Or will this source 
of tremendous new energy in our 
hands create the means to freedom, 
prosperity, and plenty for all men 
beyond our most sanguine dreams? 
The problems immediately facing 
humanity are beyond all question 
the most serious we have ever en
countered. The control of this vast 
new force poses problems of the 
highest magnitude and significance 
in the physical sciences; at the same 
time its social and spiritual impli
cations are incomparably greater 
than any we have faced before. 

Literally everything depends on 
correct and timely solutions to these 
problems. The present state of 
knowledge on the subject of atomic 
disintegration cannot justify specific 
predictions, but certainly we are ' 
entitled to guidance by the best 
views of those closest . to the mat
ter. The whole subject is so inti
mately tied up with military consid
erations and consequent secrecy, 
that details cannot now be revealed, 
but hints and bold speculatio� 
point to tremendous utility for 
atomic energy in the future. There
fore it is easy to justify efforts to 

EDitO R'S NOTE : After the a rticle "Atomic 
Bomb" ( page 238, October 1 945 Scientific 
American )  was prepared for publication, the 
n ow famous Smyth Report appeared. The 
accompanying article, based upon e)(tensive 
correspondence with outstanding American 
physicists and upon the Smyth Report, com
plements our October article. Taken to
gether, the two articles present the whole 
picture of the present status of atomic en
ergy and the possibi l ity of uti l ization of 
it  in the future. Any further attempt at 
prophecy regarding atomic energy applica 
tions and their economics would be largely 
g uess work. 

gather and to summarize the best 
informed available opinion on the 
subject as it stands today for the 
readers of Scientific American. 

In pursuance of this objective, the 
writer addressed a letter to 25 men 
of science, leaders in the develop
ment of the new weapon, asking 
three specific questions. The ques- 
tions asked are given in the box 
on the following page. 

Responses were generous and 
thoughtful. Above all they reflect 
the grave responsibility felt by each 
of the scientists as the custodian of 
an essential part of a secret of such 
overwhelming significance. 

The protection placed around the 
development of the military weapon 
was complete in every respect. 
Secrecy surrounded not only results 
but every phase of the work. For 
more complete secrecy, the subject 
matter was subdivided into such 
small units that no one person and 
no small group ever knew, and does 
not yet know, of the whole matter. 
Furthermore, the intense preoccupa
tion of each person engaged in the 
tremendous enterprise with his 
small segment of it precluded his 
interest beyond the narrow assigned 
area. Necessarily the details of a 
military weapon of such stupendous 

Energy ? 

power as the atomic bomb will prop
erly continue under strict secrecy. 
But the possibilities inherent in con
trolled atomic disintegration are so 
freighted with human destiny that 
they must be discussed and their 
implications must be understood by 
every thinking American. The mat
ter must be freely discussed, de
bated, and pondered. 

The implications of the military 
weapon are already sufficiently evi
dent in the surrender of Japan. Pre
liminary reports of the terrible de
struction of Hiroshima and Nagasaki 
will undoubtedly be much ampli
fied before this article can appear in 
print. Clearly the facts, when fully 
known, will prove the strongest pos
sible stimulus to peace. 

Most responses to the writer's 
questions emphasized the necessity 
for continued observance of the 
secrecy imposed upon all connected 
with the project. These 'generally 
referred to what is commonly called 
the Smyth Report, an official docu
ment of 174 typewritten pages writ
ten by Dr. H. D. Smyth and entitled 
"A General Account of the DQvel
opment of Methods of Using Atomic 
Energy for Military Purposes under 
the Auspices of the United States 
Government. 1940-1945." 

This report, issued August 12 and 
subsequently published by the 
Princeton University Press, contains 
the scientific background of atomic 
disintegration as a source of power. 
the history of the project resulting 
in the atomic bomb, and such de
tails of the whole matter as are 
proper to reveal at this time. Quite 
probably this will be the only pub
lication regiirding most aspeCts of 
the project. The . Smyth Report con
tains a. brief prophecy as its con
cluding paragraphs. These, in broad 
general terms, answer the questions 
asked of the 25 physicists and hence 
are quoted here: 

"Prognostication 
"13.4. As to the future, one may 

guess that teehnical developments 
will take place along two lines. 
From the. military point of view it is 
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reasonably certain that there will 
be improvements both in the proc
esses of producing fissionable mate
rial and in its use. It is conceivable 
that totally different methods may 
be discovered for converting matter 
into energy since it is to be remem
bered that the energy released in 
uranium fission corresponds to the 
utilization of only about one-tenth 
of one percent of its mass. Should 
a scheme be devised for converting 
to energy even as much as a few 
percent of the matter of some com
mon material, civilization would 
have the means to commit suicide at 
will. 

"13.5. The possible uses of nuclear 
energy are not all destructive, and 
the second direction in which tech
nical development can be expected 
is along the paths of peace. In the 
fall of 1944 General Groves ap
pointed a committee to look into 
these possibilities as well as those of 
military significance. This commit
tee (Dr. R. C. Tolman, chairman; 
Rear Admiral E. W. Mills (USN) 
with Captain T. A. Solberg (USN) 
as deputy, Dr. W. K. Lewis, and Dr. 
H. D. Smyth) received a multitude 
of suggestions from men on the vari-
0us projects, principally along the 
lines of nuclear energy for power 
and the use of radioactive by-prod
ucts for scientific, medical, and in
dustrial purposes. While there was 
general agreement that a great in
dustry might eventually arise, com
parable, perhaps, with the elec
tronics industry, there was a disa
greement as to how rapidly such an' 
industry would grow; the consensus 
was that the growth would be slow 
over a period of many years. At 
least there is no immediate prospect 
of running cars with nuclear power 
or lighting houses with radioactive 
lamps although there is a good 
probability that nuclear power for 
special purposes could be developed 
within ten years and that plentiful 
supplies of radioactive materials 
can have a profound effect on scien
tific research and perhaps on the 
treatment of certain diseases in a 
similar period. 

"Planning for the Future 
"13.6. During the war the effort 

has been to achieve the maximum 
military results. It has been ap
parent for some time that some sort 
of government control and support 
in the field of nuclear energy must 
continue after the war. Many of the 
men associated with the project have 
recognized this fact and have come 
forward with various proposals, 
some of which were considered by 
the Tolman Committee, although it 
was only a temporary advisory 
committee reporting to General 
Groves. An interim committee at a 

high level is now engaged in for
mulating plans for a continuing or
ganization. This committee is also 
discussing matters of general policy 
about which many of the more 
thoughtful men on the project have 
been deeply concerned since the 
work was begun and especially since 
success became more and more 
probable. 

"The Questions before the 
People 

"13.7. We find ourselves with an 
explosive which is far from com
pletely perfected. Yet the future 

B E FORE preparing the accompanying ar
ticle, Mr. Ki l leffer, the author, asked the 
following questions of 25 physicists who had 
ports i n  the development of atomic bombs : 

( I )  Do )Iou see a possibi l ity with in a 
reasonable time af the appl ication 
of atamic energy on a reasonable 
scal e  ta industrial  purposes? 

( 2 )  What general forms do you anticipate 
applications of this kind are l ikely 
ta take? 

( 3 )  Are you willing to hazard a guess as 
to the probable length of time that 
will be required from now on to de
velop any genera l  usefu lness for atomic 
energy? 

H ow these men of science responded is 
told in  these pages. 

possibilities of such explosives are 
appalling, and their effects on fu
ture wars and international affairs 
are of fundamental importance. 
Here is a new tool for mankind, a 
tool of unimaginable destructive 
power. Its development raises many 
questions that must be answered in 
the near future. 

"13.8. Because of the restrictions 
of military security there has been 
no chance for the Congress or the 
people to debate such questions. 
They have been seriously consid
ered by all concerned and vigor
ously debated among the scientists, 
and the conclusions reached have 
been passed along to the highest 
authorities. These questions are not 
technical questions; they are politi
cal and social questions, and the 
answers given to them may affect 
all mankind for generations. In 
thinking about them the men on the 
project have been thinking as 
citizens of the United States vitally 
interested in the welfare of the 
human race. It has been their duty 
and that of the high government of
ficials who were informed to look 
beyond the limits of the present war 
and fts weapons to the ultimate im
plications of these discoveries. This 
was a heavy responsibility. In a free 
country like ours, such questions 
should be debated by the people 
and decisions must be made by the 
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people through their representatives. 
This is one reason for the release of 
this report. It is a semi-technical 
report w4ich it is hoped men of 
science in this country can use to 
help their fellow citizens in reaching 
wise decisions. The people of the 
country must be informed if they 
are to discharge their responsibili
ties wisely." 

TH E ESSENC E-That represents the 
essence of the thought of the prin
cipal workers on the project. It re
mains merely to add to this general 
view a brief summary of the specific 
thoughts supplied by those queried. 

Emphasis is universally placed on 
the restricted view of each person 
engaged on the project. Even those 
who occupied key positions found 
their interests, activities, and in
formation confined within limited 
areas. Thus it has so far been im
possible for anyone to view the 
whole problem in proper perspec
tive, and consequently a considered 
opinion of future possibilities is vir
tually impossible to form under the 
circumstances. 

The view is expressed that present 
use of atomic energy in a destruc
tive bomb is in no sure sense a 
guarantee that this type of power 
will be usable in other ways. A great 
deal remains to be done before an 
operable method of utilizing energy 
of such enormous concentration can 
be devised. When an operating de
vice is reached there will still re
main vital problems of efficiency and 
cost as compared with other power 
sources to be solved. Involved in all 
this will undoubtedly be many basic 
inventions. These may be made at 
any time and such is the intensity 
and pace of present-day research 
that the most important of these 
can scarcely be delayed more than 
a very few . years (say 5 or 10) . 

On the basis of the meager infor
mation now available to anyone on 
the entire subject, it seems futile to 
attempt any estimate of the engi
neering phases of power develop
ment. The high penetration and ex
traordinary power of the radiation 
emitted by present nuclear reactors 
requires such heavy shielding as to 
preclude their use in any presently 
practicable vehicle with the possible 
exception of large steamships. 

While this aspect of present re
actors keeps them out of vehicles 
and limits their possibilities in sta
tionary units, it is clear that even 
present rudimentary techniques pro 
vide a source of practically bound
less supplies of radioactive materials 
for medical and industrial purposes. 
Many of these applications are yet 
wholly unexplored, such possibili
ties having been neglected in the 
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past in view of the extreme scarcity 
and high prices of radium. 

Finally, one must realize that the 
whole matter of power from this 
new source is' and undoubtedly will 
remain for a considerable time in a 
state of flux. Its interrelations with 
the military applications are too 
close to permit open discussion of 
all details soon. Yet the whole prob
lem is substantially closer to solu
tion that. it was even months ago. 
We can look forward to a better 
day for all men to come from this 
development within, let us say, a 
decade or two-certainly well with
in the lifetimes of many now living. 

RAT KI LLER 

Does not Affect 
Acceptability of Bait 

SO�IUM FLUOR-ACETATE, a new syn
thetic compound, has shown great 
promise as a poison for mice, rats, 
prairie dogs, ground squirrels, and 
other small mammals that consti
tute serious pests. The high toxicity 
of the compound, known as "1080," 
allows it to be administered in 
poisoned · baits and food without 
seriously affecting the acceptability 
of the food for the pests. The com
pound is also intensely poisonous 
for man and, other animals and must 
be used under the most carefully 
controlled conditions. 

FU N G I  

Found Readily by Use 
of Ultra-Violet Light 

DETECTION of fungi and location of 
infected areas are necessary in 
cleaning up valuable equipment and 
instruments returned for repair or 
salvage from tropical war areas. In 
normal light fungi are difficult to 
see except in lush growth, but ul
tra-violet light immediately reveals 
their presence by causing the or
ganisms to glow by natural 
fluorescence. Clearly outlined in 
this manner, eradication of the 
fungi is much simplified. 

PEN I C I LLI N PRODUCTION 

Involves Large Usage 
Of Banana Oil 

ALTHOUGH the 400 billion units of 
penicillin now being produced 
monthly weigh only some · 530 
pounds, the amount of material that 
must be processed in production 
sometimes is so great as to be criti
cal. Recent reports suggest that 85 
to 90 percent of the nation's amyl 
acetate ( "banana oil") , important 
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as a solvent, is consumed in this 
production. That proportion is too 
great for the comfort of other in
dustries needing this solvent and 
hence steps are being taken to de
velop efficient processes for its re
covery. 

TO RPEDO RECOVERY 

Made More Certain by 
Synthetic Resin 

A WATER-SOLUBLE synthetic resin 
disk placed in a naval torpedo dis
solves when the torpedo is lost and 
releases a float that enables search
ers to find it. The resin used is one 
of a family that can be prepared 
from polyvinyl alcohol. These resins 
can be given any desired degree of 
solubility in water, from complete 
insolubility to easy solution. The 
safety disk is designed to dissolve 
in a predetermined time, long 
enough to allow the torpedo to be 
completely tested, but short enough 
to expedite searches for any that es
cape and sink. 

D DT TROU BLES 

May Hinder Use of its 
Valuable Properties 

RELEAS� of DDT to civili�ns for 
general use recently, led to a flood 
of preparations presumably contain
ing this highly effective insecticide 
but actually too dilute to be · ·  use
ful. Warnings promptly issued 
pointed out that abuse of the com
pound in this way by unscrupulous 
persons is likely to lead users to 
conclude that DDT has no value, 
when as a matter of fact it is highly 
effective when properly used. 

Legitimate insecticide producers 
are proceeding cautiously to be sure 
that any preparations they offer are 
effective and that correct instruc
tions for their use are also provided. 
DDT itself (dichloro-diphenyl-tri
chloroethane) requires to be com
pounded with other materials to be 
fully effective and at the same time 
safe for use. Some additives, notably 
solvents, increase the toxicity of 
DDT for human beings unduly and 
thus introduce excessive hazards in
to its use. Fear is expressed that 
unfortunate experiences with early 
improper DDT preparations may 
prevent its legitimate later use for 
valuable purposes. 

SPECIFIC G RAVITY 

Quickly Determined by 
Vacuum Method 

A NEWLY devised and rapid meth
od of determining the specific grav� 
ity of an unknown liquid consists 
in comparing the height to which 
it will rise in a tube with the rise of 

a known liquid in a tube under 
equal vacuum. In practice, the un
known and the standard liquids are 
drawn up into two parallel glass 
tubes j oined at the top and con
nected to suction at the junction 
point. The heights of the columns 
in the two tubes are in inverse 
ratio to the specific gravities of the 
two samples. Accuracy can be in
creased by calculating from meas
urements of differences in the 
height of the columns under two 
different suctions. The specific 
gravity, accurate to the fourth 
decimal place, can be quickly de
termined in this way. 

PENICILLIN 

When Properly Protected 
Can Be Taken by Mouth 

EFFORTS to find a way to admin
ister penicillin effectively without 
the use of a hypodermic syringe 
have developed various methods 
designed to protect the active prin
ciple of the drug while it is passed 
through the stomach when taken by 
mouth. Apparently absorption of 
penicillin takes place from the small 
intestine, but the drug is delicate 
and cannot survive the high acidity 
of the human stomach. Several sug
gestions have been based on the 
inclusion of various anti-acids with 
the penicillin in the dose but it 
has been found that high alkalinity 
also destroys its effectiveness. One 
successful method dissolves the drug 
in oil. Latest successes have been 
scored by the use of calcium car
bonate-precipitated chalk-to neu
tralize stomach acidity without 
creating alkalinity since the neutral
izing agent is insoluble except in 
acid. 

SAFER LABEL I N G  
Important i n  Handling 
Of Hazardous Chemicals 

T HE FmST comprehensive effort to 
systematize and standardize labeling 
of hazardous chemicals, considered 
of special importance in view of the 
pace of developments in the indus
try, has just been completed and 
published by the Manufacturing 
Chemists' Association of the United 
States. 

The main objective of the work is 
to discourage use of code labels 
which leave the user , with no infor
mation about the product. Principles 
are established to govern prepara
tion of precautionary labels, with 
maximum emphasis on protecting 
the users, handlers, repackers, j ob
bers, and distributors of chemical 
products or others . who may be less 
familiar with them than the manu
facturers. 
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6 . 1 2 . E xpe r i ment s  at the Nat i o nal Bure au o f  S tandard s  by J .  I .  

Ho ffman d e m o n s t r a t e d  tha t ,  by the u s e  o f a n  e th e r  e xtra c t i on me thod , 
al l the 

i mpur iti e s  are remove d by a s i ngle extrac t ion. o f  uranyl nitrate . The use o f 

th i s  metho d  removed the gre at b ulk o f  the d i fficul t i e s in secur i ng pure oxi � 

and pure mate r i a l s for the production o f  metal .· Early in May 1942 . arrange

me nts were c ompl e te d  with the Ma1 1 inckrodt Chemical Works in St . Lo ui s to 

put the new grade o f  o x ide through an ethe r e xtract i on process  on a pr od uc

t ion bas i s  for a further reduc t i on in impur i ty  content and to del ive r the 

final product a s  b rown d i o x i d e . De l i ve rie s s tarte d in July 1942 at a rate ot 

30 tons a month . Th i s  o x i de i s  now used as a star ting po int for all meta.l 

production, and no h igher degree o f  purity can be e xpected on a commer i eal 

scal e .  In fac t ,  it was a remarkab l e  achieveme nt to have developed and put 

into production on a scale o f  the orde r o f  o ne ton per day a proce s s for 

transfo nniDg gro s s ly impure comme r c i al o xide to oxi de of  a degree ot pur i ty  

seldom achieve d , e ven on a l ab o r a tory sca1 e ____ -
-
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To SPEED . THE PACE 0 

THE BUILDI NGS of the Technical Center will face a seven-acr' 
l:tke. These buildings will be connected by a covered walk and 
vehicular roadway. Sketched below is the Advanced Engineering 
Building in which improvements will be quickly made in existing 
product" 

LOCATED ON a major highway leading from Detroit, " a ccess to tJ:te 
Center will be through the Administration Building sketched here:. 
A system of modern roadways will provide practical opportunity to 
studv traffic control as well a s  to make simple road tests of n e w  c a r  

d('\.-,, !opmf<nts. 
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PROGRESS 

A FLOOD OF SUNSHINE w ill pour i nto the southern 
\\'indows of the Research Buildings where experimental 
work is carried on in such diverse flelas as the studr 
of <hlorophyl. resear.ch into fuels and engine deSign. 

T h e  N e w  
G E N E RA L  M O T O R S  T E C H N I C A L  C E N T E R  

wi l l  b e  c r e a t e d  t o  sti m u l a t e  o p p o rt u n i t i es, 
p r o m o t e  e m p l o y m e n t  a n d  b r i n g  a b o u t  

M O R E  a n d  B ETTER TH I N GS F O R  M O R E  P E O P L E  

THESE are times when the world 
cries out for new and finer 

things. There is a great hunger, 
broad as all mankind, for happier 
relationships among men - for 
greater individual opportunity for 
accomplishment, for more and bet
ter goods within reach of everyone. 

It is by satisfying this hunger that 
we can bring greatest benefit to our 
national economy in the future.  
Through such action lies the road 
to more good jobs, to an ever-rising 
standard of living through the con
tinual replacement of old things 
with new and better ones. 

The General Motors Technical 
Center is dedicated to such an ob
jective. It will occupy a 3 50-acre 
tract of land outside of Detroit as 
soon as conditions permit. Its pur
pose is to develop new things that 
add to the comfort and security of 
our living, and to enable existing 
things to be made more efficiently, 
hence at lower selling prices, so 
more people may own and enjoy 
them - all with expanding job op
portunities. 

It will shorten the time required to 
bring the work of creative thinkers 
out of the idea stage and into usable 
reality. 

Here in groups of buildings de
signed especially for the purpose, 
General Motors will gather in ad
vantageous and inspiring new sur
roundings the most modern facili-

ties for research, advanced engi
neering, styling and the develop
ment of new manufacturing tech
niques. 

Here physicists and engineers will 
discover new facts and convert them 
into new improved products. Styl
ists will give them new and morc 
attractive form. Process engineers 
will develop better manufacturing 
techniques for making them. 

Science here will go to work in thc 
intetest of economic progress. And 
history is full of proof that when 
science is so harnessed, more jobs 
are created, more comforts and con
veniences are brought within reach 
of more people. 

Serving as a source on which the 
engineering staffs of all of our Divi
sions may draw, the General Motors 
Technical Center will stimulate im
provement in all General Motors 
products. Automobiles, refrigera
tors, Diesel engines, locomotives 
and other good and useful things 
may_ be expected to be improved at 
even faster pac€; than in the past. 

But the work of the Technical Cen
ter will not be confined to existing 
things. It is dedicated to the idea 
that progress is the servant of man
kind and that whosoever advances 
it not only helps himself but his 
fellow men. Its goal will be "more 
and better things for more people," 
whether that comes through im
provement of the old or develop
ment of the new. 

GENERAL MOTORS 
I R E  -D BErrER THL'Y liOR 1 RE PE PLE 

CHEVROLET . PONTIAC . OLDSMOBI LI • BUICK . CAD I LLAC . BODY BY fiSHER 
fR I G I D A I R E . GMC TRUCK AND COACH • GM DIESEL 

Every Sunday A fternoon 
GENERAL MO TORS SYMPHO N Y  OF THE AIR -NBC Network 

M A K E  VICT O RY COMPLETE - BUY M O R E  WA R BONDS 
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M ETALS I N  I N DU STRY Conducted by FRED P. PETERS 

L i th i u m , Se rva n t Meta l 

NATURE seems to have given 
the United States another 

world-wide superiority in a re
source to j oin those of iron, petro
leum, and so on. This latest one is 
lithium. The best source of lithium 
is Searles Lake, at San Bernadino, 
California. Searles Lake is a dry 
lake in which the evaporating water 
left all kinds of valuable salts which 
are processed by heavy chemical 
industries. One of the by-products 
of processing contains over 10 per
cent of lithium as compared to a 
top of 3.3 percent in spodumene, the 
most used ore. 

There is plenty of spodumene, 
too, in the Carolinas and in the 
Rockies. The trouble is, it has never 
been possible to get the price of 
lithium extracted from this and 
other ores down below the present 
level of from $12.50 to $20.00 a 
pound, nor is the Searles Lake con
centrate any better in this respect 
so far. But with the uses of lithium 
advancing rapidly and with the 
bright promises of the Searles Lake 
development, the price might get 

As a Scavenging Agen t, This Ligh test of All  Meta ls Makes Possible 

Alloy Castings  that are · Stronger, Less Porous, a nd H igher in  Elec

tr
.
ical  Conductivity. Beca use of i ts Extreme Chemical  Activity i t  

Purifies Alloys and  Gives Them Much Finer Grain  Structure 

down to $5.00 a pound. And that 
would make big differences to many 
an industry. Lithium is making big 
differences even at its present price. 

Lithium is a strange metal. It is 
the lightest of metals-a cubic foot 
of it weighs only 33 pounds 'Vs 108 
pounds for the same amount of 
magnesium and 176 pounds for alu
minum-and yet it very seldom will 
be used as a light-weight structural 
metal itself nor to lighten the 
weights of other alloys. It can be 
purified to a commercial degree 
very easily, yet it seldom will be 
used in pure form. It can be alloyed 
very easily with other metals, yet 
only a fraction of its total produc
tion will be used as a constituent" of 
alloys. It already is an important 
metal of industry and is destined 
to be a far more important one, yet 
in its largest commercial applica-

tions it does not gain its markets 
by displacing other products. 

The reason . for these seeming 
contradictions is simple. Lithium is 
a "servant" metal. Its big function 
in metallurgy is to help other met
als to behave better. It does the 
same thing for gases, welding-rod 
fluxes, lubricants, soaps, and air 
conditioning. 

I M PORTANT TAS K-One major use 
of lithium is in the making of non
ferrous alloy castings. Only about 
0.01 percent of lithium is used in 
the ordinary metallic mixture, and 
only about 0.05 percent is, in most 
cases, found in the finished casting. 
Sometimes only a trace of lithium 
remains. And yet the task of the 
lithium in the making of the cast
ing is an important one. 

Nonferrous alloy castings are 
made of metals ( copper, zinc, and 
so on) which have different melt
ing p"oints. They also solidify at dif
ferent temperatures when being in
dividually cooled. Melted and 
cooled together, as they must be 
for casting, they have all sorts of 
behaviors toward each other. 'J:'hey 
form solutions, emulsions, matrixes. 
They combine in varying grain 
sizes and shapes. 

While all of this is going on, vari
ous "unwanted" elements also are at 
work within the melt. Gases and 
impurities like hydrogen, . oxygen, 
nitrogen, sulfur, and particles of 
sand, are having bad influences· on 
the ways in which the "wanted" 
elements are behaving toward each 
other. The unwanted elements are 
changing the grain structure for the 
worse, causing porosity and setting 
up weak spots. 

Pouring molten lithium from an electric furnace infO Ingar mOlds 

Here is where the lithium goes to 
work. Lithium is the most chemi
cally 

·
active of all the metals. It 

combines with almost any gas, tak
ing th�t gas unto itself and away 
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from the wanted metals in the melt. 
It takes hold of sand particles, too, 
and of other impurities. Opposite to 
the corruption resisting "noble" 
metals like gold and platinum, 
lithium welcomes corruption. 

Now the extremely light weight 
of lithium comes into play. It rises 
to the surface of the liquid, molten 
metal, bringing the impurities with 
it. Behind is left a melt of cleaner, 
purer metals. 

The grain structure of the lithium
scavenged casting is likely to be 
much finer, as much as 98 percent 
finer in some cases. Gas pockets, 
"blow holes," and porosity can be 
completely eliminated. 

The real story is summed up in 
the metallurgist's expression: "theo
retical maximum values." For every 
alloy which is cast there is a list 
of such values in tensile strength, 
electrical conductivity, coefficient 
of friction, and others. If a melt is 
mixed and cast perfectly it can 
reach those values-be at the best 
which is theoretically possible for 
it. If handled perfectly it will have 
lower values or abilities in various 
respects. And lithium-scavenged 
castings are likely to approximate 
many of their theoretical maximum 
values. 

Electrical conductivity is an ex
ample. Lithium-scavenged castings 
often reach their maximum con
ductivities at normal temperatures. 
Thus their desirabilities for elec
trical pm;:poses are greatly increased. 

GR EATEST STR ENGTH-Most im
portant of all, the castings can ap
proximate their theoretically great
est strengths. This is partly a mat
ter of uniformity, of being sure that 
all parts of the casting are more 
nearly alike and that the whole 
casting is more dependable. Outright 
additions of strength as compared 
to ordinary castings can be had 
too. A maker of Navy composition 
�G" castings found that before 
lithium was used the tensile strength 
was 42,000 pounds per square inch; 

Lithium 
is so soft 

that it 
can easily 

be cut 
with an 
ordinary 

pocket-knife 

lithium-scavenging raised it to a 
range of 48,000 to 52,000. Similarly, 
the elongation was raised from about 
35 percent to a range of 45 to 65 
percent. With every equipment 
maker trying to work with more and 
more power at higher and higher 
speeds while fitting his machine 
parts into smaller and smaller 
spaces, increased strength with in
creased uniformity means that 
lithium-treated castings may be used 
for many purposes from which the 
same alloys might otherwise be ex
cluded. 

Pure lithium is not likely to be 
used in any foundry. It is added to 
copper and brass products in elec
trical furnaces in copper and brass 
mills, but for most foundrymen it 
would be bothersome to handle. 

Rather, "master alloys" contain
ing varying proportions ( usually 
from 2 to 10 percent) of lithium are 
purchased from such companies as 
the Lithaloys Corporation. The bal
ance of these alloys is copper, zinc, 
or some of the other "wanted" met
als of the castings. These "balance 
metals" enter directly into the cast
ings, and if the mix is to be care
fully controlled then their amounts 
are considered in proportioning it. 

The amount of lithium in a mas
ter alloy depends first upon the 
scavenging to be done--there must 
be enough for this-and second up
on the degree of grain refinement 
needed for the purpose of the cast
ing. The more the lithium the finer 
the grain. Very seldom is more than 
1 pound of master alloy added to 
each 100 pounds of melt, and almost 
never more than 1 Y2 pounds. These 
points require careful metallurgical 
consideration for which the master 
alloy maker supplies a consulting 
service. 

In the foundry, the master alloy 
must be added early enough, usually 
from three to five minutes before 
the mix is poured, so that the lithium 
will have enough time to do all of 
its work. And the stirring-in must 
be so controlled as to do a thorough 
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job without unduly disturbing the 
mix. 

Castings made by these methods 
are likely to approach the "no spoil ... 

age or rejections" ideal of mass pro
duction. One foundryman averaged 
25 percent of weepers ( castings re
jected for porosity) before using 
lithium-scavenging-Iess than 1 per
cent afterwards. When spoilage ran 
so high he always had to guess 
what it would be, and to pour extra 
castings accordingly. If his gue�s was 

The l i th ium ingots are so l ight they 
are balanced by small  brass weight 

wrong-as it nearly always was
then he either had extra castings or 
else too few to fill his orders. With 
spoilage nearly eliminated he 
avoided this extra cost. Lithium
scavenging often saves its cost by 
the reduction of the percentage of 
rejections. 

Fine grained, highly uniform ' 
castings work better on the lathe 
and milling machine than do their 
coarser grained brothers. Accura
cies, surfaces, and finishes are 
better. This makes for better prod
ucts at lower machining costs. 

FOR STE E L, TOO-Lithium soon 
may do as much for the ferrous as 
for the nonferrous industries. Im
portant studies are now being con

' cluded and their results may be an
nounced any day. When this news 
breaks, every steel mill producing 
every kind of steel from plain car
bon to stainless and other high al
loys, may be offered brand new ad
vantages. 

The bearings industry, also, is 
being helped by lithium. Many of 
the toughest bearings problems are 
in the mixing of lead-copper alloys 
for heavy-duty, heavy-pressure, 
high-speed bearings such as are 
used in modern engines and other 
machines. The lead has the anti
friction qualities and the copper the 
compressive strength needed by 
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these bearings. But the trouble has 
been that some of the most desir
able proportions of these two metals 
either could not be cast together 
at all or else they would form strati
fied grain structures which are too 
weak for this purpose. With tiny 
amounts of lithium in the mix some 
of these mixtures can be cast with 
complete success. The lithium takes 
care of the troubles which had 
previously cauSed the separation of 
the c�pper and lead. 

Sometimes, lithium requires new 
industrial techniques. The die cast
ing of zinc metals is an example. If 
lithium is alloyed with the zinc and 
the melt is kept in special types of 
closed melting pots and is fed under 
controlled atmospheric conditions 
such as are used in heat-treating 
furnaces (these methods will be 
brand new to many a die caster) 
then the alloys will flow with 
enough extra freedom to provide 
new opportunities to the die casting 
art. 

Alloyed with magnesium-another 
of the up-and-coming "new" metals 
-lithium adds to tensile strength and 
hardness. And there are other 
lithium alloys as well which will be 
found in industrial products of the 
near future. 

One odd use of lithium is in the 
production of hydrogen. A little 
less than five pounds of lithium 
hydride immersed in water will re
lease 225 cubic feet of this gas. Our 
military forces used this process. 
Hydrogen from a small container 
of lithium hydride immersed in the 
ocean inflated a rubber balloon, the 
balloon raised one end of a copper 
wire 300 feet into the air, and the 
wire became the antenna by means 
of which the shipwrecked aviator 
or sailor radioed his call for help. 

The figures on such hydrogen 
production are intriguing. Each 
pound of lithium hydride will yield 
a by-product of about three pounds 
of lithium hydroxide which is worth 
about $2.00 a pound today. With 
lithium hydride costing $12.50 a 
pound, even with the value of the 
by-product counted in, the hydrogen 
from it would cost about $15.00 a 
hundred cubic feet as compared to 
less than f2.00 (all factors consid
ered) for hydrogen which is bought 
in rental-return steel containers. 
But if the price of lithium were to 
come down to its hoped-for $5.00 
a pound then the cost of hydrogen 
from its hydride could become less 
than that of hydrogen iil steel con
tainers-the fact that the by-prod
uct hydroxide also might have less 
value being given full consideration. 
And- even now, wherever the cost of 
transporting and handling the 140 
pound steel cylinder is high enough 
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to overbalance the price differential, 
hydrogen from lithium hydride will 
find a market. 

In lubricants lithium both in
creases and decreases the tempera
ture limits at which it is possible to 
use bearings. Although not an ap
plication of lithium in the metallic 
form, the use of lithium compounds 
in the production of atmospheres 
for metal-heating is receiving in
creasing attention. In industry after 
industry lithium pushes back other 
limitations. Lithium is a metal on 
the march. It is a valuable servant 
of industry and will become a more 
valuable one. 

P U M P I N G  MAG N ES I U M  

Molten Metal Can be Handled 
Economically by Pumps 

T EN years ago the pumping of a 
molten metal was . generally con
sidered impossible, but today molten 
magnesium is being pumped in 
melt-shops and foundries with mass
production benefits .not previously 
attainable. 

Ordinary cast iron and steel pumps 
are used for magnesium, which 
melts as low as 1200 degrees, Fah
renheit, whereas special refractory 
equipment must be used for other 
higher melting point metals. Ac
cording to Dow Chemical Company, 
molten magnesium is being pumped 
over distances from a few inches to 
'25 feet and in capacities from a 
trickle to a ton per minute. 

With the use of pumping equip
ment, one operator can empty a 
4000-pound pot of molten magne
sium alloy into ingot molds in 30 
minutes, or at the rate of one ingot 
every 12 seconds. Formerly two men. 
dipping metal from the pot and 
pouring it into each ingot -mold, 

. could empty one 2000-pound pot in 
about an hour-an efficiency im
provement of about eight times on a 
man-hour basis. 

ALLOY STEELS 

Will Find Greater 
Use in the Future 

T HE FUTURE of alloy steels in this 
post-war era, the types of steels that 
will be used, and the relative im
portance of the electric furnace and 
the open-hearth furnace for their 
production are questions of great 
interest to the steel-producing and 
steel-using industries. The follow
ing forecast, based on the answers 
to a survey conducted by Edwin F. 
Cone, of Metals and Alloys, can now 
be made: 

The post-war volume of alloy 
steels will be higher than pre-war 
and may even exceed the war-time 
level. A chief reason for this will be 
many new uses for alloy and stain
less steels, especially in gas turbines, 
superchargers, jet-propelled planes, 
railway and automotive equipment, 
and so on. Most of the "lean" N.E. 
alloy steels will be discarded in 
favor of the older higher alloy types, 
but some N.E. steels will remain. 

Post-war use of electric furnace 
steel will represent a greater per
centage of alloy steel than pre-war, 
and consumers strongly believe the 
extra price charged for electric fur
nace grades over open-hearth alloy 
steel is warranted by the quality 
and uniformity advantages of elec
tric steel. S�eel producers do not ex
pect to be able to lower the selling 
prices of electric furnace steels, al
though some large electric furnaces 
can approach the open hearth in 
their economics. 

STEEL RECONVERSION 

Costs Will Include 
Repair of Worn Facilities 

T 0 RECONVERT plants and equipment 
to handle the expected production 
of steel for non-military and civilian 
use, steel companies are planning 
to spend more than . $200,000,000. 
Reported costs of reconverting steel 
plants do not include any expendi
tures which individual steel com
panies may be planning. 

Part of the $200,000,000 will be 
spent for. reconverting to peace-time 
production the big continuous wide
sheet mills, which during the war 
were adapted to permit the rolling 
of large tonnages of heavy plates 
for shipbuilding and so on. Other 
reconversion tasks facing the indus
try include realinement of steel 
fabricating departments and plants 
from production of such war goods 
as deck houses for merchant ships, 
artillery shells, and tank armor to 
production of commercial products. 

Large expenditures will be re
quired for the repair of facilities 
which have become badly worn 
under the strain of operations dur
ing the war. Heating facilities of all 
descriptions are reported to be par
ticularly in need of attention. Be
cause furnaces are difficult to repair 
quickly, patching jobs have been 
resorted to frequently during the 
war emergency period . by some steel 
companies to save time. 

The estimated cost of reconverting 
the steel industry is less than 10 
percent of the total amount of money 
spent since 1940 by the steel indus
try and the government to expand 
and supplement steel plants and 
properties for war-time production. 
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Is· there . a : Ytia'rl to get 4 times the service 
from things ade of steel? 

THE AN SWER to this question may soon affect your 
life . . . and your pocketbook . . .  in a big way . 

Because there is a remarkable discovery that will 

enable you to get up to 4 times the �ervice for 
every dollar spent on items made of steel ! From 

washing machines, automobiles, hardware, tools, wire 
fencing, screens - dozens of products whose life was 

formerly cut short by rust. 

This remarkable discovery is CORRONIZING, 
a new patented process of pl�ing' steel with a tissue

thin "armor" that far outLasts other rust-protection 

coa tings. 

Actual use in the war, in every kind of climate, 
gives proof to that statement. Now, America's more 

progressive manufacturers and retailers will be able 
to bring you many articles with the sensational ad

vantages of "Corronized" steel. New model automo
biles, always famous for progress, will be among 

the first to bring you these advantages. 

So, if you want utmost dependability, lasting 
beauty and safety in things made of steel, wisely 

inquire whether they are made of "Corronized" steel. 
If they are, you'll be the winner in years of service 

. . .  by as much as 4 to I !  

Sta ndard Steel Spri ng 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. 

Against Rust 

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 toU Y LV A N I A  
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PLASTICS Conducted by CHARlES A .  BRESKI N 

Petro l e u m I n  P l a s t i cs 
Hydra ulic Presses, Operating Around the Clock, Must Use the Correct 

Fluid for Contin ued Econom ica l Opera tion. Heat Tra nsfer, Rust Pre

vention, and Adequate Lubrication a re Other Special  Problems of the 

Plastics I nd ustry tha t are Being Solved by Petroleum Products 

MENTION of petroleum in the 
plastics industry immediate

ly brings to mind the various syn
thetic compounds which have petro
leum as one of their basic ingredi
ents. But petroleum has another and 
equally important role in the in
dustry. As lubricants, hydraulic 
fluids, and heat exchange mediums, 
petroleum products are used in all 
types of plastics processing equip
ment. 

In the machinery used in the 
production of such basic materials 
as esters and monomeric hydrocar
bons, petroleum has been instru
mental during the past four years 
in keeping the mechanical equip
ment necessary to the production of 
plastics articles in running order. 
And this in the face of day and 

night ope�ting schedules which 
taxed the newest equipment as 
well as the over-age machines that 
had to be kept running for want of 
replacements. 

Now, as plastics processors turn 
to peace-time civilian and industrial 
articles, there is no abatement in 
the importance of using the right 
petroleum product in the right place. 
To meet the anticipated demand, 
plastics machinery must continue 
to operate on a rapid, accurate, full
time basis. And machinery which is 
running at repair or maintenance 
cycles because operators are ig
norant of the newer and more suit
able petroleum products, can seri
ously retard the flow of plastics 
articles to the civilian market-and 
add considerably to their cost be-

Courtesy Farrel-B1rm1ngbam Company. Inc. _ _  

Th i s  calender, designed for double coating and mult i-pass sheeting of rub
ber and plastics, uses special oil and grease in operation of its heavy rollers 

P rocess i n g 

cause of low production and expen
sive machine repairs resulting from 
incorrect lubrication. 

It should not be thought, however, 
that petroleum products are cure
alls, that the use of the correct oil 
at the correct spot will prevent all 
mechanical difficulties. But just as 
bad is the belief that any quality 
of oil will be satisfactory for all 
classes of service. 

The truth lies somewhere between 
these extremes. Petroleum products 
are, rather, preventive maintenance 
materials that greatly influence 
continuity of equipment service and, 
to an important degree, overall op
erating costs. In the following list 
are presented some of the factors 
that are influenced or controlled en
tirely by lubrication in modern ma
chinery : 

1. Machine down-time and labor 
for cleaning oil systems. 

2. Lubricating oil cleaning (fil
tering, filter material replace
ment, centrifuging, and so on) . 

3. Oil consumption or make-up. 
4. Machine parts failure and re

placement costs. 
5. Power costs. 
6. Costs of lubricants and their 

application. 
How well-informed use of petro

leum products can thus affect the 
operation of plastics production 
equipment will become evident as 
the various uses are discussed in 
some detail. 

H YDRAU LIC PRESSES-The most 
widely used machine tools in the 
plastics industry, hydraulically op
erated presses cover the entire range 
of compression, transfer and inj ec
tion molding, and extrusion. For 
these methods of processing, smooth 
functioning of the moving parts is 
all-essential. This means that there 
must be no sticking of the pistons, 
no leaking valve, no worn pump 
parts. Also, the fluid must not de
teriorate and foul the pump and the 
control mechanism. 

One of the prinicipal causea of 
pump wear in hydraulic presses, 

294 SCIENTIFIC AMERICAN NOVEMBER 1 945 



particularly in vertical units operat
ing in the plastics industry, is the 
abrasive ferrous oxide formed on 
the interior of the reservoirs which 
combines with microscopic particles 
of plastics .dust blown from the mold 
platens at the end of each operation. 
Adhering to the oil wetted plunger, 
these dust particles are gradually 
drawn through the -packing gland 
into the oil system. 

A fUrther source of contaminants 
that accelerate pump wear is found 
in the metallic soaps which may be 
formed in the deterioration of petro
leum. These soaps form sludges 
which are picked up from the bot
tom of the reservoir and circulated 
throughout the entire system: When 
these sludge formations bec'ome ag
gravated they deposit on the metal 
surfaces and, at times, varnish hy
draulic plungers to a point where the 
presses operate erratically and tear 
the packing gland from its seating. 

Where water collects in the hy
draulic system the problem of pump 
and plunger wear is further ag
gravated. This is because many oil 
decomposition products are water
soluble organic acids and tend to 
attack the metal surfaces of the hy
draulic system, often etching them 
quite badly. This etching action also 
releases finely divided metal par
ticles into the system where they 
act as an abrasive, grinding away 
machined surfaces. 

Some of the older press installa
tions employ water alone as the hy
draulic fluid. This type of fluid, 
however, is not as economical as it 
would at first appear, due to the 
cost of periodically replacing pack
ings and refinishing control valves 
and plungers. One solution is the 
addition of wetting agents and sol
uble oils to the water-a blend of 
one part soluble oil to 60 parts water. 
A reduction in corrosion within the 
fluid system is an immediate result 
of this addition, a circumstance 
which exerts a protective influence 
on the control mechanism. But to 
maintain the fluid stream in a physi
cally clean condition by reducing 
the concentration of solids to the 
lowest possible degree, inexpensive 
mechanical filtering devices are re
quired. 

Oil is the best hydraulic fluid for 
modern presses which usually are 
equipped with individual reservoirs, 
pumps, and control mechanisms. To 
assure continuous service of this 
equipment, oxidation resistant hy
draulic oils containing corrosion 
preventives are often used since 
these oils lessen oil and machine 
maintenance and do not precipitate 
deterioration products. 

Sometimes, however, corrosion oc
curs independently of the oil in the 

Courtesy Farrel ... Blrmmgham Company , loc. 
Multi- platen hydraul ic press employed in p recIsIon processing of single 
sheets or  laminates uses oi l  in the cyl inders for the operation of the rams 

system. For example, the underside 
of the top of the oil reservoir may 
corrode to a point where rust drops 
into the oil and contaminates the oil 
stream. This danger can be elimi
nated through the use of an oil
and water-impervious coating on 
the inside of the reservoir. 

Foaming of hydraulic-press oils, 
however, is dependent upon oil 
quality and its resistance to de
terioration. The entraining of small 
air bubbles, which is common in hy
draulic oils that contain even small 
amounts of acidic and saponifiable 
material; will reduce pump capacity 
and. produce erratic plunger opera
tion. The more thoroughly refined 
oils will reduce these troubles since 
they contain fewer oil decomposition 
products and hence have less tend
ency to hold moisture and finely di
vided air in suspension. 

That the use of oxidation-stable 
hydraulic oils is economical as well 
as good operating practice is evi
dent from the fact that · these oils 
almost completely eliminate control 
mechanism wear. Since .. the lubri
cant does not tend to deteriorate in 
service, waxy or varnish-like sub
stances are not deposited on the 
plungers and controls ; therefore oil 
leaks through packing glands are 
reduced and the life of the packing 
is greatly extended. 

A further economy is achieved by 
periodically filtering the oil in each 
hydraulic system without removing 
the press from service. Much less 
labor and expense is involved than 
when efforts are made to salvage 
deteriorated hydraulic oils in an in
dependent _ recovery system. _ And _ 

this filtration will also reduce to 
a great extent the frequency of oil 
changes in a given system. 

H EAT EXC HANGE O I LS�Heat is 
essential in mold platens, extrusion 
press cylinders and nozzles, dip 
coating tanks, mill and . calender 
rolls, and so on. The older concep
tion of petroleum as a heat-transfer 
medium calls for steam refined 
cylinder oils having high flash 
points. These oils, however, contain 
unsaturated hydrocarbons which 
cause them to deteriorate and form 
tarry deposits when subjected to 
elevated temperatures for long 
periods in the presence of air. Since 
these tarry deposits soon coat the 
heating elements and the surfaces 
of the vessels being heated, the heat 
transfer rate is soon lowered. Then, 
to counteract this lowered rate the 
temperature of the oil is increased. 
But this only accelerates the oil de
terioration rate. So the vicious circle 
simply speeds up. 

Field investigations of heat-trans
fer · liquids over the past few years 
have shown that temperature 
ranges from -20 to +500 degrees, 
Fahrenheit, can be served by rela
tively light bodied, highly refined, 
oxidation resistant oils. 

In open heating systems operating 
at atmospheric pressure, tempera
tures of 350 degrees, Fahrenheit. 
can be safely maintained without 
undue vaporization or the formation 
of explosive vapors if the area i� 
well ventilated. However, when the 
temperature is to be carried beyond 
350 degrees, Fahrenheit, the boilin§ 
Point of the oil must be ra,ised b� 
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courtesy Watson-Stillman Company 
Quality of the o i l  used as a fluid 
medium in  this type of press ma
chinery is of paramount importance 

exerting a pressure of · not over 10 
pounds per square inch. Continuous 
operating temperatures of 550 de
grees, Fahrenheit, with intermittent 
short intervals of 650 degrees, Fah
renheit, are being studied to note 
the behavior of oil in these ranges. 
It has been recognized that as 750 
degrees, Fahrenheit, is approached, 
regardless of the pressure that is 
carried, the zone is reached where 
oil will crack into gasoline, light 
oils, and heavy ends. It would appear 
that temperatures above 500 de
grees, Fahrenheit, are best served by 
some of the commercial heat ex
change fluids rather than by oil. 

As with the hydraulic fluids, fil
tering devices improve the efficiency 
of heat exchanger systems. It has 
been found possible to keep units 
functioning at their peaks by allow
ing the filtered fluids continually 
to scrub the surfaces free of all 
deposits that tend to interfere with 
the free flow of heat. 

RUST PREVENTION - Just as 
presses must operate smoothly and 
accurately, and the platens must be 
heated evenly if plastics items of 
good quality are to be produced at 
minimum cost, so the molds them
selves must be maintained in good . 
condition. 

Molds are not always in produc
tion� and whenever they are placed 
in storage-even of the shortest 
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duration-their highly polished sur
faces are protected from rust which 
would destroy the usefulness of the 
mold even though the rust can sub
sequently be removed. 

When the period of storage is 
short, washing the molds with a 
polar type thin film rust preventive 
having good solvent properties is 
enough protection. This preventive 
removes all sweat stains from the 
mold surface and displaces any 
water or moisture that may be pres
ent. But for longer or an indefinite 
period of storage the cleaned mold 
should be further coated with a 
soft petroleum rust preventive. 
Similar treatment should be given 
other machinery spare parts. There 
is no problem involved in the re
moval of the coating. The metal 
surfaces need only be washed with 
regular petroleum solvents. 

L U B R I CATION-Roll temperatures 
not above 350 degrees, Fahrenheit, 
in plastic mills and calenders of 
conventional design present no un
usual lubrication problems. How
ever, it has been discovered that 
light lubricants possessing high oil
iness and load carrying properties 
give the equipment better protec
tion than do the heavy-bodied cyl
inder oils which have been custom
arily accepted as the best. 

There is the possibility that rolls 
may someday carry a temperature 
of 550 degrees, Fahrenheit, for the 
processing of plastics and synthetic 
rubbers. When and if such equip
ment goes into production it may 
be necessary to use hydrocarbon 
lubricants that become effective in 
bearing temperature ranges above 
500 degrees, Fahrenheit. Then there 
is the further modification of ma
chine design where a given calen
der will have some heated and some 
refrigerated rolls. The presence of 
two temperature extremes in a 
single unit will make necessary the 
use of lower viscosity or more fluid 
lubricants if unnecessary equip
ment and service complications are 
to be eliminated. 

Lubricating greases for plastics 
processing machinery raise few 
problems. In fact, the toggle j oints 
and stops on a press are almost the 
only points where special attention 
is necessary. The difficulty here is 
that the motion is very slow and 
purely oscillating. Consequently it 
is difficult to apply the lubricant 
at the point of greatest pressure and 
keep it from being forced from be
tween the surfaces when the press 
goes into operation. The best pro
tection has been found to be active 
extreme-pressure greases of pres
sure-gun consistency compounded 
so as to provide a strong affinity for 

metal. This lubricant resists the 
shearing and wiping effect of the 
oscillating motion. 

There are, of course, many other 
appliclltions for petroleum in plas
tics processing equipment. But the 
biggest · mechanical elements-hy
draulic presses, mills and calenders, 
heat exchangers, and molds-have 
been touched upon. The facts indi
cate the importance of the selection 
and use of the correct petroleum 
product for the correct job. 

OXYGEN TENTS 

Made of Clear Plastics 
In Small Size 

MINIATURE oxygen tents for babies 
born prematurely are now being 
fabricated from Ethocel sheeting. 
Still in the experimental stage, the 
tents consist of a center curved sec
tion of heavy gage sheeting and ends 
of laminated sheeting. The transpar
ency of the plastics material permits 
a full view of the tiny patient. 

COMPACTS 

Combine Use of 
Metal and Plastics 

How WELL plastics can work with 
other materials is evident in the 
Lucite and silver compacts which 
are fabricated by Alzac California 
Jewelry Creations. Assembled en
tirely by hand, these compacts have 
lids of black methyl methacrylate 
to which is laminated the sterling . 
silver design. The base, with its ' 
powder compartment, is fabricated 
from transparent acrylic. 

FU RNITURE 

Uses Plastic Straps 
For Comfort and Durability 

VINYL elastic strapping forms the 
backs and seats of "Put-A-Way" 
folding and demountable garden 
chairs that can be readily adjusted 
to different positions. Not only does 
this Koroseal webbing add a touch 
of color but it withstands the often 
damaging effects of outdoor weather. 

Washable, acid-proof, non-abra
sive, the extruded vinyl elastic 
strappings are resilient enough to 
conform to the shape of the body 
and to provide a maximum of 
bodily comfort-an advantage which 
is often sadly lacking in summer 
furniture. The frames of these 
chairs, which were designed by 
V. F. V. Gerstel and Ferdinand 
Kramer of Products Development 
Division, are built of cypress. 
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MOLDING COMPOUNDS 

T H E  " EY E S "  H AVE IT 

There are literally thousands of applications for Durez 
phenolic molding compounds . . .  applications which the 
casual observer is likely to overlook. Bausch & Lomb's 
" Arc Ban " and "Chip Ban " safety goggles, for example, 
have eye cups of molded Durez. These possess high-im
pact strength and are not affected by moisture, sterilization 
by steam, or most acids. The unusual versatility of the 
more than 300 Durez phenolic molding compounds has 
made their use throughout industry practically ail- inclu
sive. Such properties as impact and dielectric strength, 
moisture, heat, and acid resistance, highest dimensional 
stability at temperature extremes, diversity of finishes, and 
excellent moldability make them the logical starting point 
when you're searching for the plastic that fits your job. 

MOLDING COMPOUNDS 

I NDUSTRiAl RESINS 

OIL SOLUBLE RESINS 

INDUSTRIAL RESINS 

LET'S G ET D O W N  T O  CAS E S  

Another interesting application for Durez industrial re
sins is the war-proved Armed Forces binocular case where 
a Durez phenolic-impregnated fabric is combined with 
other materials to form a weather-proof case which is vir
tually indestructible. Durez impregnating and laminating 
resins have many new peacetime applications developed 
from wartime counterparts which promi s e to be b ig 
profit-makers for progressive manufacturers. 

OIL SOLUBLE RESINS 

N O  S E N S E  " R U B B I N G  I T  I N "  

Emulsion " no rub" waxes having a wide range of pro
perties can be made with Durez resins. Though all have 
rich, full gloss films, the films may be varied from those 
which may be removed with mild soap to those which 
permit the cleaning of waxed floors without harming the 
waxed surface. Well-known throughout the entire pro-
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profitable applications for peacetime markets. 

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

H E R E ' S  W H A T  Y O U ' V E B E lE N  W A I T I N G  F O R Durez Plastics & Chemicals, Inc. 
521 1 Walck Road, N. Tonawanda, N .  Y. 

!-' Jcas(' send me a free copy of the new Plastics Primer. Right off the press, the Durez Plastics Primer is a brand new, 
illustrated booklet about phenolic plastics and is  especially de
signed for quick reading by today's overburdened executive. Not 
for the technical man who is already familiar with the subject, the 
Durez Plastics Primer is a brief, simple, crystal-clear digest filled 
with basic facts covering the part the phenolics play in the over
all plastics picture. Clip the attached coupon and send for your 
free copy. Absolutely no obligation, of course. 

]Vame ________________ � ______________________ _ 

Co m p a ny __________________________________ _ 

Addres s  _________________ _ 

PLASTICS T H AT F I T  TH E JOB 
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RAI LWAY TRANSPORTATION Conducted by C _  B _  PECK 

Ch a s i n g  Wa te r Poc kets 
Soft Spots in Rai l road Tracks, Caused by Pockets in  the Subsoil, Create 

Maintenance Problems a nd Frequently Necessitate Speed Reductions .  

Effective Use of Cement  Mixtures is E l iminating Such Pockets Without 

I n terfering with the Use of the Track 

RAILROADS have always been ac
customed to worry along with 

occasional "soft spots" in their 
tracks. As wheel loads have grown 
heavier, train speeds higher, and 
the gross tonnage of traffic move
ment greater, however, this old an
noyance has become a problem of 
major importance. These changes in 
conditions have all helped to create 
more miles of soft track; as sched
ules have been stepped up, the re
duced speeds required for safe op
eration over unstable track become 
a serious operating embarrassment. 
Keeping the track on these spots in 
line and up to grade is an extremely 
expensive j ob and most of the 
former methods of restoring stability 
interfered seriously with the use of 
the track. 

In recent years a number of rail
roads, as the result of extensive 
study and experiment, have learned 
that a mixture of cement and sand, 
inj ected into the affected spots, 
eliminates most chronic soft track 
conditions. They have developed 
effective means of injecting such 
mixtures, or "grouting," without dis
turbing the track or interfering with 
its use. 

WHAT CAUSES IT-Soft track is 
caused by wet subsoil below the 
rails which, because of its more or 
less water-saturated condition, has 
relatively low weight-bearing ca
pacity. Certain spots along a given 
track, for various reasons are never 
stable. In such spots frequent ad
ditions must be made to the ballast 
and the subgrade may require oc
casional refilling to restore the track 
to its normal surface level. in ex
treme cases the instability is such 
that soil squeezed out from under 
the track dislocates the right-of
way fences. 

Such are the occasional soft spots 
which have long had to be tolerated. 
Those which have been created or 
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aggravated under the stress of 
heavy, high-speed traffic arise from 
the destruction of normal drainage 
conditions. 

When a train passes over a track 
at high speed, each rail is subjected 
to a series of vertical loads varying 
from around five to upwards of 18 
tons each, depending upon whether 
the passing wheels are those of an 

F I G. I GROUTED 9-25-42 

FIG.2 GROUTED 10- 12 -43 DUG OUT 8- 1 -44 

FIG. 3  GROUTED 5- 10-4 1  DUG OUT 6 -23-42 

. t.  Stone 

FIG. 4 GROUTED ' -12-.41 DUG OUT 6-25-42 

::�o " .. . . . .. .. 
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F IG. 5 GRO.UTED 9-10-42 DUG OUT 10- 14-4! 
Test cross- sections on the New York 
Central show how the in jected con 
crete grout seals off the soft sub-g rade 
and helps to spread the load over it 

empty freight car or of a large steam 
locomotive. In the case of a freight 
train operating at 70 miles per 
hour, the impulses, passing along 
the track in waves of alternately in
creasing and decreasing load on the 
rail, occur most frequently in groups 
of four at the rate of about 15 per 

second as the ends of the cars pass, 
the groups recurring at intervals of 
a half second or less. The rail, ties, 
and ballast tend to distribute these 
loads over a considerable area of 
subgrade, but nonetheless the sur
face of the subgrade directly under
neath the rail is subj ected to a series 
of blows at air-hammer rapidity, 
the total effect of which is to create 
pockets in the surface of the subsoil 
in which water tends to collect and 
from which there is no drainage. 
Thus the softening process proceeds 
and the pockets tend to become 
deeper until the track instability 
has to be dealt with. 

SPEED RESTR I CTIONS - Where 
such track conditions have devel
oped, it becomes necessary to add 
ballast, sometimes at frequent in
tervals, to restore the sagging 
track. It may also be necessary, in 
the interest of safety, to issue "slow 
orders" limiting train speeds over 
the soft spots. These slow orders 
may be removed after repairs have 
been made, only to be required again 
in all too short a time as the pocket 
continues to grow. On important 
main lines where traffic is heavy, 
such soft spots may have to be 
worked on several times a week, 
and may be subj ect to speed restric
tions for more than half the time. 

Not only is such attention very 
expensive as compared with main
tenance requirements on normal 
track, but the slow orders interfere 
with the smooth and economical 
movement of traffic. With passenger 
trains frequently running on sched
ules requiring many miles of line to 
be passed at speeds upwards of 100 
miles an hour and freight-train 
speeds running up to 70 miles an 
hour, the incidence of enforced 
speed reductions is far more seri
ous, both as to the number of trains 
affected and as to the disruption 
of schedules, than they were two or 
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three decades ago when top speeds 
in the two services were more near
ly 60 and 50 miles an hour, respec
tively. 

R EM E D I ES-Methods of remedying 
these conditions have included in
stallation of special drains, digging 
out and backfilling the pockets, and 
even removing the track to permit 
placing wood or concrete mats to 
distribute the track loads over a 
large area. But, even where effec
tive, these methods are expensive to 
apply and most of them involve 
serious interference with the use of 
the track. 

About 1940 several railroads un
dertook investigations and experi
mental programs intended to de
velop more satisfactory means of 
dealing with these conditions. One 
of these roads, the New York Cen
tral, selected six spots for investiga
tion on its Toledo-Detroit branch. 
At each spot a series of trenches, 
spaced 25 feet apart, were dug 
across the roadbed; the bottom in 
each case was ' carried down to dry 
sub grade material. No free water 
was found in the pockets exposed by 
these trenches, but the subsoil in 
the bottoms of the pockets was suf
ficiently wet to be oozey. The cross 
sections 'also disclosed invariably 
that the point at which the pockets 
were deepest was directly under 
the rails. 

' 

The investigations of this and 
other railroads led to the conclusion 
that whatever treatment was de
veloped should cut off the supply 
of moisture from the subsoil in the 
water pockets, and that whatever 
material was used should be forced 
into the pockets under pressure. 

GROUT I N G - In December, 1940, 
the New York Central began grout
ing with a sand-cement mixture at 
the six test locations already re
ferred to. In an expanding program 
this work has progressed until, at 
the end of 1944, such treatment 
had been applied at over 200 loca
tions having a total length of 36,379 
track feet. The future program con
templates the correction of condi
tions' at some 1200 additional soft 
spots on main-line track, with pos
sibly as many more on branch lines. 

The New York Central method 

comprises the use of a rich 1-to-1 
sand and cement grout with enough 
water to make it soupy; this is in
j ected into the soft spots below the 
rails by pneumatic pressure. The 
rich cement mixture not only serves 
to seal out the water from the sub
soil around the water pockets but 
it develops considerable strength 
which aids in distributing the traf
fic load over the bottoms of the 
pockets. 

Essentially, the equipment for 
grouting these pockets includes a 
mixing tank, a portable air com
pressor, a supply of injection pipes, 
a pneumatic hammer suitable for 
driving the injection pipes into 
place, suitable lengths of air and 
grout hose, and portable water 
tanks. 

The injection pipes are driven 
through the ballast outside the ends 
of the ties, using ,the pneumatic 
hammer on the capped ends of the 
pipes. The pipes are slanted to 
bring the end as nearly as possible 
directly under the rail when it has 
reached well into the pocket. Then 
the water, cement, and sand for a 
batch of grout are mixed and the . 
grout forced into the water pocket 
through an injection pipe. The 
quantities injected are said to have 
varied up to as much as 50 one-sack 
batches through a single injection 
pipe. 

LEAN M I XTURES-Another road 
which has made an intensive study 
of the soft-track problem is the 
Atchison, Topeka & Santa Fe. For a 
number of years prior to its adop
tion of cement grouting, this road 
had been trying to find a practi
cable means of filling water pockets 
with a very fine drifting sand com
monly known as "blow" sand, of 
which there are quantities available 
at many points west of Kansas City. 
That water could be sealed out of 
the pockets with this material had 
been proved by experience with 
soft spots which had been dug out 
and back-filled with it. 

Based on this experience, unsuc
cessful efforts were made to inject 
dry sand into water pockets with 
air pressure. Then in December, 
1941, the Santa Fe began experi
menting with cement grout pumped 
into the pockets. It should be noted 

Two crews at work g routing soft spots 
in  track of New York Central System 

that, unlike the New York Central 
and other roads, the objective of 
the Santa Fe was confined to sealing 
out the water and restoring original 
drainage conditions. The cement 
and water served as a lubricant to 
enable the blow-sand grout to pene
trate and fill all the voids : no 
thought was entertained of creating 
concrete "beams" under the rails. 

The initial experiments were made 
with mixtures ranging from one 
part cement and six parts sand, to 
one part cement and 13 parts sand. 
Eight gallons of water were intro
duced for each cubic foot of dry 
mixture. This grout was injected 
into the pockets under 100 pounds 
per square inch air pressure. 

Research has continued since 
these early experiments. Many va
riations in the richness of the grout 
mixtures have been tried, and 
numerous materials have been sub
stituted for blow sand. In the end, 
however, the best combination was 
found to be within the original 
range of cement-sand mixtures, and 
the fine sand-the finer the better 
-was found to be the most effective 
material. 

EMU LS I F I ED ASPHALT-In 1944 
extensive laboratory experiments 
were undertaken in co-operation 
with the Texas Company in an at-

Cross-sections showing locations of in jection pipes for fil l ing d ifferent types of water pockets under tracks 
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tempt to work out a combination 
of asphalt and cement for use in 
track grout. The results were en
couraging and after a series of track 
trials a grout consisting of one part 
of either Portland cement or mortar 
cement to 6 to 20 parts of sand, 
to which were added 1/5 to 1/10 
gallon of emulsified asphalt per cubic 
foot of sand and from 4% to 8 
gallons of water for each cubic foot 
of dry material, was finally adopted 
as most satisfactory. This formula 
gives the same penetration and is 
considered even better in water
sealing properties than the richer 
cement-sand mixture. 

Much of the experimental work 
done by the Santa Fe has been de
vbted to the improvement of meth
ods and equipment for getting the 
grout into subsoil. One of early 
developments was the substitution 
of hydraulic for pneumatic injection. 
The latter was slow and otherwise 
unsatisfactory and a piston-and
cylinder grout pump which forces 
the mixture into the roadbed under 
a maximum pressure of 450 pounds 
per square inch was developed. 
Then began the successful develop
ment of complete mechanical equip
ment for mixing and injecting the 
grout as a continuous process. 

Unlike the New York Central, the 
Santa Fe method involves driving 
holes into the water pockets and 
then inserting injection pipes into 
the holes. The holes are spaced 
about 5 feet apart. Since May, 1942, 
the Santa Fe has grouted wet spots 
aggregating considerably more than 
50 track miles in length. 

COSTS RET U R N E D-Results so far 
observed have shown satisfactory 
improvements in track stability and 
reduction in maintenance costs. For 
instance, on the New York Central 
system, two soft spots not far apart, 
aggregating 312 feet in length, were 
grouted at a cost of $300.88. Prior 
to grouting these . spots required 
maintenance at 

-
least three times a 

week at a cost of $248.96 a month. 
Grouting reduced these costs to 
$17.70 a month. The grouting thus 
returned its cost in savings in main
tenance within less than 1% months. 
While the aggregate results are not 
as striking as this specific example, 
they are . highly satisfactory. 

One of the oldest sections of 
grouted track on the Santa Fe in
volves 4.2 miles of single-track 
main line over which speeds up to 
100 miles per hour are permitted. 
In 1940 slow orders had been in ef
fect on this track for 262 days of the 
year. In 1941, after an attempt Was 
mad. to improve the track, it was 
still necessary to keep slow orders 
in effect on a 1% mile section for 

300 

163 days during the year. This track 
was grouted in 1942. Since the work 
was completed no slow orders have 
been required at this location. The 
cost of stabilization is said to have 
been returned within one year by 
the reduced expenditures required 
for maintenance. 

From the standpoint-of the Ameri
can traveling public this develop
ment spells better ridirig qualities 
of passenger trains, the on-time 
performance of which will be pro
gressively improved as the number 
of soft-spot speed restrictions are 
reduced. 

til til til 

D RAGGI N G  EQ U IPM ENT 
SpoHed Before Loose 
Parts Can Cause Derailment 

OCCASIONALLY, but rarely, some 
part of a railway car truck may fail 
in such a way as to drop down and 
drag along the track. To avoid the 
hazard . which such parts cause if 
they are dragged into a switch, 
where they may catch and derail 
the car, the Pennsylvania has in
stalled dragging-equipment de
tectors on . its main tracks. 

Each installation consists of four 
castings, the tops of which are made 
of U -section bars. These are placed 
across the track, two between the 
rails slightly below the level of the 
top of the rails and one outside each 
rail. These castings are connected in 
an electrical circuit which energizes 
a relay that in turn controls the cir
cuits for the next interlocking home 
and distant signals. The detectors 
function by being broken by _ the . 
dragging member, thus interrupting 
the electrical circuit. 

These detectors are located a 
suitable distance ahead of the road
side signals so that the breaking of 
a detector allows the signals to come 
to the most restrictive aspect in time 
to permit the engineman to stop the 
train at the home signal. When the 
train stops, the signal-tower op
erator advises the crew that the 
dragging equipment detector has 
functioned. The crew then inspects 
the train and repairs or removes the 
affected car. 

ALU M I N U M  TANK 

Still in Excellent Condition 
After '7 Years 

T HE FIRST aluminum tank car was 
built in 1928 by the General Ameri
can Transportation Corporation. In 
August, 1945, it had been in service 
for 17 years . At the outset it was 

handling glacial acetic acid for the 
Niacet Chemical Company and since 
March, 1930, it has been assigned 
exclusively for the handling of gly
cerin for Procter and Gamble. Dur
ing this period it has traveled 408,-
000 miles and, except for minor 
running repairs, was shopped but 
five times. The tank itself has never 
required any repairs, beyond re
placements of aluminum heater 
pipes. The only repairs had to do 
with the trucks, brakes, and draft 
gear. The tank, built of Alcoa 3S 
alloy, was butt welded throughout by 
the gas process. 

This tank has a capacity of 8000 
gallons and was designed for a 
working pressure of 25 pounds per 
square inch. Weighing 83,900 
pounds, the car represented a saving 
of about 8300 pounds as compared 
with a steel tank of the same ca
pacity. It and other aluminum tanks 
subsequently built have demon
strated the ability of this material 
to transport such commodities as 
glacial acetic acid, hydrogen perox
ide, glycerin, formaldehyde, naph
thenic acid, nitric acid, and other 
chemicals and food stuffs in bulk 
which do not require a special tank 
lining. 

RAI LROAD RAD IO 
Network Uses Portable 
Frequency-Modulation Sets 

EQUJPPBI) with mobile frequency 
modulation radio sets in an indus
trial version of the Army's "walkie
talkie," five Diesel-electric locomo
tives - of the Westinghouse Electric 
Corporation now roll over 25 .miles 
of switchtracks in Pittsburgh, their 
crews in constant radio communica
tion with the yard office. 

The new static-free radio com
munication system which allows two
way conversations between engine 
and yard office, quickly proved its 
worth. Now, instead of the engine 
running back to the yard office for 
instructions, the yard office com� 
municates with the engine crew in 
any part of the yard and gives in
structions. The saving in time and 
also in the physical labor of throw
ing switches, which was neceSsary 
when engines had to keep running 
back and forth to the yard office, 
has speeded up the movement of 
freight in the yard. Where, hereto
fore, hours were ,consumed in mov
ing certain cars, minutes are now re
quired. 

The little network consists of five 
mobile stations on the five locomo
tives and one stationary transmitter 
and receiving set in the yard office. 
Frequency modulation radio was 
chosen because of its elimination of 
static. 
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E N S AT I O NA L  WA R B A R G A I N S • 
, 

LENSES " PR I SMS 

SILYERED TAN K PRISM 
:ock #3004-S . • • . . • . . . . • . . .  $2.00 Each Postpaid 

PLAI N TAN K  P RISM 

ock #3005·S • • • • • • . . . • • • • .  $2.00 Each Postpaid 
O U R  TA N K  P RISM S-Spe<: ial . . . . .  $7.00 Postpaid . . The most sensational bargain we have .'er been 
lIe to olfer. 

VIOLf� 
INDIGO 
BLUE 
GREEN 
YELlOW 
ORANGE 
RfD 

HOLD PRISM IN SUN'S RAYS 

4-WALL 

S PECIALS IN LENS SETS 
;et #1-S--"Our Advertising Spec ial "-15 Lenses for 
;1.60 Postpaid, plus 10·page idea booklet. For copying, 
JLTRA CLOSE-UP SHOTS, macrophotography, experi· 
,ental optics, magnifying and for making a two power /16 Telephoto Lens, "Dummy Camera," Kodachrome 
fiewer, DETACHABLE 'REFLEX VIEWFINDER for 35 
om. eameras, stereoscopic viewer, ground glass and 
,nlarging focusing aids, TELESCOPES, low power Micro· 
:copes and for many other uses. 

iet #15·S--"The Experimenter's Dream"-62 Lenses, 
'risms and O ptical Items, and N ew SO' Pll!le Book, " Fun 
!lith Ch ipped Edge Lenses." $15.00 Postpaid. The 
rariety of Lenses and Prisms in this set will enable you 
:0 conduct countless erperiments, build a great variety 
lf Optical Equipment. A sensational buy. 

N EW SO·PAGE I D EA B O O K  "FU N WITH 
C HIPPED E D G E  LENSES" 

Contains wide variety of projects and fully co'er. the 
fascinating uses of all Lenses in sets listed above . . . 
,nly $1.00 Postpaid. 

P O LAROID ( Dyed )-$uitable for Experimentation. Con. 
lists 2 discs-2 'h" diam. Some imperfections in glass. 
Stock #622-S . . . . . . . . . . . . . . . . . . . . . . . $1.00 Postpaid 

12-POWER COLOR CO R R ECTED MAG N I FIER SET
Consists of two 15 mm. diam. magnesium fluoride low 
reftection coated Achromatic Lenses and section of metal 
tubing for mount. 
stock #1029-S . • . • • . • • • . • . . • • • • . . • .  $l.SO Postpaid 

LENS FO R KO DAC H R O M E  EYE·YI EWER . . .  Color 
corrected cemented lens 41 mm. dIam.,  66 mm. FL. 
stock #6116·S . . . . . . . . . . . . . . . . . . .  $1.00 Postpaid 

COLOR FI LTERS 
I Red and 1 Yellow Filter in followIng Diam. 

TANK  PR I S MS 
In order that the tank driver shall not get shot 

in the face, 2 of : hese 'Silvered Prisms are used 

to make a Perisco·pe. We have sec ured a num'ber 

o f  these that are very slightly chIpped, making 

possible their sale at a very low price. They are 

90.46-46  degree Prisms of huge sIze-6 % "  long, 

2 ".  ... w Ide, finely grOund and p o l ished. Used to 

build a Periscope . . •  excellent also fo r ex,perl

ments, classr oom demonstrations. Some of our 

IngenIous customers h ave used these prisms to 

make camera stereo attachment, range finder, 

etc. Prism easily converted into desk name 

plate by affixing gold le tters. 100 suppUed at 

only 1 0 c. (Order 'Stock #3008-8.)  Normal1y 

these Prisms would retaIl from $24  to $30  each. 

TO SEE THE COLORS OF THE SPECTRUM, 
hold a p lain tank prism in sun's rays as shown 

In drawIng. White Incltlent Ught which p asses 

through p rism is thus br(}ken up Into a band of 

primary colors known as the spectrum-a beau

tiful sight ! By looking through a tank prIsm 
at a certain angle, you can see a world o f  

colors everywhere. Truly amazing I 

M ISCELLANEOUS ITEMS 
Stock N o. Item Price 
3016·S--Pentagon Prism. Each . . . . . . . . . . . . . • .  $0.75 
2024-S--10 Pieces Circular A-I Plate Glass (Diam. 

31 mm.-for making Filter) . . . .  . .25 
3021·S--Amici Roof Prism (3rd Grade ) .  Each . . . .  .25 
4009·S---<Heat Absorbing Gl""s 4 "  x 5".  Each . . .35 
4010·S--Heat Absorbing mass 2" x 2". Each . . .  .10 
3020·S--Rigllt Angle Prism 48 mm. wide (3rd 

grade ) .  Each . . . .  . .  . .  . .  . .  . . . .  . . .  . . . . .  .35 
523-$--<Six Threaded Metal Reticle Cells . . . . . . . .  .25 

26-S--First Surface Alumlnhed Mirror, Diam. l '>', ". Eacb . . . . . . . . . . . . . . . . . . . . . . . . . . 25 
624·s-JNeutrai Ray Filter aize 47i" x 2 'h" . . . .  .25 

3022·S---<Round Wed,e &5 mm. Diam. Each . . . . . .  5.00 
3036·S--Roof PriSlll - 80 degree, face 1 %" wIde. 

Each • • • • . . . • • • • • . • • • . . . . . • • . . • . • . .  4.00 
22·S--Inclinometer-Alrcraft type. Each . . . . . . .  .25 

704-S--Len. Cleaning Tissue. one ream ( 480 
meets ) ,  size 17 % "  x 11 " . . . . . . . . . . . . . .  1.SO 

1030'S--2" Diam. Reducing Lens. Eaoo . . . . . . . . .  .25 
1031-S--Perfect � Power Magniller-Dlam. 28 mm. 

Each • • • • • • . . • • . . . . • . • • . .  . . . . . . .25 
2043·$--<St.ndard Crossline ReUcle-Diam. 29 mm. 

. Each . . . • . . • • . • • • . . . • • . • . . • • . . . . . .  .SO 
1034-s-murning Glass Lens. Each . . . . . . . . . . . . . .  .25 

(M in imlHl1 Ord.- on Above-$l.oo) 
SP ECTROSCO P E  SET . • .  These sets contain .11 Lenses 
and Prisms you need to make a Spectroscope plus FR EE 
15�page Instruction Booklet. 
Stock #15OO·S--Hand Type Spectroscope . .  �.45 Postpaid 
Stock #1501-S--Laboratory Type Spectroscope . • • . • • • . . .  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  $6.50 Postpaid 

PRISMS 
BaJ. 

All Items Finely Grou"d and Polished 
but Edges Slightly Chipped or OtheT 
Slight Imperfections Which We Guar· 
antee Will Not Interfere with Their 
Use. Come Neatly Packed and Marked. 

YOU CAN EAS I LY MAKE 
Telescope, M agnifiers, Photographic Gadgets a n d  H u n · 
d reds of Exper i ments with these Low Cost Lenses. 
Excellent also for X M AS gifts. 
To translate m i l l i meter measurements: 25.4 mm. equals 
one inch. 

8 M M .  M OYIE P R OJECTI N G  LEN S SET-Consis l s  
of 2 Achromatic Lenses, Diam. 1 5  mm.  and a F.I. .  
when combined {)f approx. {lne InOO. Each lens has 
the new magnesium ftuoride low re1lection coating. 
Stock #4011·S . . . . • • . • • •  _ . • • . . • • . • .  $1.40 Postpaid 

16 M M. P ROJ ECTI N G  LENS SET-Consists of 2 
Fluoride coated cemented Achromatic Lenses 1 inch 
diam. with combined F.L. of 2 inches. 
Stock #4024-S . . . • . . . . • . • . . • • . . . .  $1.70 Postpaid 

M O N O C U LAR SET OF LEN SES A N D  P RISMS . . 
From Navy's 7 x 50 Binocular. All tile optics you 
need to make a 7 Power Monocular. Complete DI· 
rections Included. 
Stock #5101-S . • . . . . . . • . • • . . . . • . . .  $5.00 Postpaid 

M IC ROSCOPE SETS 
ConSisting of 4 Cementerl Achromatic Lenses for mak· 
ing a 40  Power Pocket Microscope or 140 Powe r  reg· 
ular size Microscope. These color corrected Lenses 
will give you excellent definition 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 #103 7-S wilJ make an 
excellent mi'fo-projector en.bUng you to get screen 
magnification of 400 to 1,000 Power according to 
screen distance. 
Stock #10.38'S • • . . . • . . . • . . . . . . • • • .  $2.00 Postpaid 

ALL T H E  LE NSES YOU N E E D  TO MAKE 
YOU R OWN TELESCOPE ! 

ALL ARE ACH ROMAT I C  LENSES 
GALILEA N TYP E-Simplest to make hut has oarrow 
Field of View. 
Stock #5OO3·S--

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

Small ,2 Power Pocket Scope • • . . . . . .  $1.00 Postpaid 

TER R ESTRIAL TYP E-HaYe much wider Field of 
View tIlan Galilean Type • 

Stock #5OO7·S--1 1  Power Telescope . .  $3.20 Postpaid 
Stock #5OO8·S--20 Power Telescope . .  3.45 Postpaid 
Stock #5OO9-S--40 Power Telescope • •  7.45 Postpaid 

PRISM TELESCOPES-IUses Prism instead of Lenses 
to Erect Image and are much shorter than Terrestrial 
Type. Have Mde field of view. Stock #SOlO·S-- 6 Power Telescope • .  �.oo Postpaid 
Stock #S011-S--1 1  Power Telescope . .  3.25 Postpaid 
Stock #S012·S--20 Power Telescope • •  7.25 Postpaid 

TANK PERISCOPE 

20 mm . . . . . . . . . .  (seconds ) . . . . . . . . .  40& 
32. 5 mm . . . . . . . . . .  ( seconds ) . . . . . . . . .  70& 

37 mm . . . . . • . . . .  (seconds) . . . . . . • • .  70c 
4'5.5 mm . . . . . . . • • .  (seconds) . . . . . • • • .  9Oc 

31 mm . . . . . . . . . .  (seconds) . . . . • • .  " . 7Ot 
( M inimum Order on Above-$1.00) 

CLEA N I N G  B R U S H  SET . . .  For Lenses, OPti
cal Instruments, etc. Perfect qualIty-I'.! tncb 
Flexible Plastic handle, hollow circular const. 
Range from stur to very soft. 4 Brushes to set. 

Stock No. Type WIdtb 
304O·S--Rlcht And. . . . . . . . .  33 mms. 
3042-5-Jll&bt Angl.. . . . . . . . .  41 .. ms. 
3045-S--Rlgbt Angle . • . . . • .  . 70 mms. 
3001·S--Lens Surface • .  : . . • • .  20 mm •. 
·3009-S--Porro • . . • • • • . . . . . . .  52 mms. 
3016·S--Pentagoa • . . • . . . • • . •  45 DUDS. 
3029·S--Dof. • • • • . . • . • . . • • •  16 mIllS. 
3036-S--80 Decree Koot • . • . .  60 mms. 
6l36-S--Rbombold • . . • • • • • . .. 20 mms. 

!lase 
Length 
23 mms. 
to mms. 

168 mma. 
14 mm •. 
25 mm •. 
n llllllS. 
65 mms. 
U DUDS. 
11 mms . 

Price 

$1.00 
1.00 
8.00 
2.00 
1.00 

Complete Set Mounted Components 
Rugged� strong, ori'glnally constructed 
for U. S. Tank COl3ls. ConsIsts of 2 fine 
Periscope MIrrors mounted in metal 
and plastic. Perfect condItion. Only 
plywood b ody frame Is required to 
finish thIs exceptional Periscope. FIrst 
surface mirro r Is well protected by 
glass windows. Set weighs 2 % Ibs. 
Overall length of mount 6 ".  ", wIdth 2 ".  ". Would no'rmally retall at $40 to $ 50. 
Stock #7OO·S • • • •  $3.00 Comp lete Set Postpaid 

Stock #S04-S---« Reg. $6.00 'alue)  . . . . • • . . . .  

. . . . . • . . .  . .  . .  . .  . . .  . . Price $1.00 Postpaid 

.75 
1.25 
4.00 

.SO TWO SETS (4 U N ITS) . . . . . . . . . . . . . . . . . . .  . 
. . . . . . . . . . . . . . . . .  SPECIAL $5.50 Postpa id  

ORDER BY SET OR STOCK NO. SATISFACTION GUARANTEED 
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I N  OTH ER F I ELDS Conducted by The Staff 

An Expa n d i n g Chem i ca l 

Sodium Methylate, Now Available Commerc ia l ly, is Used in Drugs and 

Cosmetics, i n  Perfumes a nd Lacquers, in Dyes a nd Insect Repel lants 

KNOWN as a laboratory product 
. for some time, sodium methy,.. 
late is used in research and is es
sential in the manufacture of sulfa
diazine and a number of other prod
ucts. But its use in industry has 
been limited because, until recently, 
there was no "ready-made" sodium 
methylate on the market. 

Whenever methylate has been 
needed, the user has had to make 
it himself, by dropping small pieces 
of metallic sodium into methyl alco
hol. The resulting solution is not 
completely satisfactory where high 
yields of certain products made 
from the methylate are desired, 
since it may contain various im
purities and may be too dilute. Now, 
however, the chemical is beiI;lg made 
on a commercial scale. 

HOW MAD E-Commercial sodium 
methylate may be made by a modi

fication of the Castner electrolytic 

process which has been used for 
years to produce chlorine and caus
tic soda. In the Castner process, 
brine is electrolyzed in a cell con
taining mercury as its cathode. The 
sodium chloride is separated into its 
elements, the sodium combines with 
the mercury to form sodium amal
gam, and chlorine gas is liberated 
at the anode. When sodium amal
gam is treated with water, the so
dium reacts to form sodium hy
droxide (caustic soda) and hydro
gen, and the metcury which re
mains is returned to the electrolytic 
cell. 

In the production of sodium 
methylate in The Mathieson Alkali 
Works, the same process is used, 
but the amalgam, instead of . being 
treated with water, is brought into 
contact with methyl alcohol (meth
anol) . The sodium amalgam is 
circulated through a specially de
signed contact tower (or decompo-

Castn"er mercury cells in which the salt is  electrolynd into its elements, sodium and 
chlorine •. The sodium forms an amalgam with the mercury and is then treated with 
methyl. a lcohol in a reacting tower to form sodium methylate which is dryed and packed 

sition chamber) which is packed 
with pieces of graphite flooded with 
the amalgam. Methyl alcohol pre
heated to reaction temperature is 
forced in at the bottom of the 
tower under sufficient pressure to 
overcome the head of amalgam in 
the tower. The sodium in the amal
gam reacts with the alcohol, pro
ducing gaseous hydrogen and a 
solution of sodium methylate, as the 
amalgam and alcohol move in op
posite directions along the pieces 
of graphite. The mercury is rp
turned to the Castner cell from t.h" 

Mercury 

Methanol 

Sod i u m  
C h l or ide 
Solut ion 

Ch ldrinp 

Methylate 

Flow d iagram of sod ium methylate 
commercial  man ufacturing process 

bottom of the contact chamber by 
means of a riser. The solution of 
methylate and the hydrogen formed 
with it are separated at the top of 
the tower. The methylate alcohol is 
then evaporated from the solution 
to give a white, dry powder con
taining at least 95 percent methy
late. The powder is packaged in air
tight containers to prevent reaction 
with components of the atmosphere. 

DRUGS AN D EXTRACTS-Among 
the drugs, in addition to sulfadia
zine, which require sodium methy
late in their manufacture are sulfa
merazine, atabrine (the qumme 
substitute) ,  the barbiturates (vero-
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nal, phenobarbital) , and some of 
the vitamins. 

The perfume industry, too, uses 
considerable quantities of sodium 
methylate. Flowers owe their scent 
to chemical compounds-aldehydes, 
ketones, and esters. When synthetic 
perfumes are manufactured, similar 
compounds can be prepared with 
the help of sodium methylate. For 
example, nonaldehyde is used in 
making rose oil, benzaldehyde for 
heliotrope perfume, methyl nonyl 
ketone for the sweet pea odor, and 
ion one for violet perfume. 

Sodium methylate is useful in the 
food industry for the prepara.tion of 
flavorings, essences, and extracts
compounds which are chemically 
similar to scents. 

In the field of cosmetics, sodium 
methylate is used to prepare a va
riety of beauty preparations, includ
ing a light screen medium for sun 
tan lotions and creams. 

OTH E R  USES-Sodium methylate is 
used in preparing xanthates, re
quired in metallurgy to extract 
copper, lead, and zinc from their 
ores by the flotation process. 

Components of nitrocellulose 
lacquers involve the use of sodium 
methylate. The solvent for the 
lacquer and the plasticizer added 
to make the film strong and pliable 
are made with the help of this ver
satile chemical. 

Methylate is widely used, both in 
research and industry, for the 
preparation of organic intermediates 
-chemicals used in the preparation 
of other chemicals. One of these is 
acetoacetic ester, used in the manu
facture of innumerable compounds. 
These include many dyes and pig
ments, such as the "Hansa Yellows," 
used in lacquers and inks, and the 
pyrazolones, used in textiles be
cause of their fastness to light. 
Among the new insect repelling 
compounds is indalone, a product 
also prepared from methylate inter
mediates. 

EXPA N D I N G  RESEARCH 

Predicted by Educator 
As Result of War 

A RAPID expansion of industrial 
research after the war was pre
dicted by Dr. Harvey N. Davis, 
President of Stevens Institute of 
Technology, in a recent address be
fore the American Society of Re
frigerating Engineers. 

"American post-war industry will 
be definitely on the move," he said. 

"It will be changing rapidly. The 
total volume of production will, we 
all hope, continue to be as it is now, 
greater than ever before in our his
tory. 

before the case in this or any other 
country. 

"The kind of things produced will 
be very different from our present 
output, and probably different in 
many significant respects from pre
war production. And the keynote of 
all this change is going to be indus
trial research. Even if one prefers 
to limit the term to what goes on in 
our 2000 to 3000 industrial scientific 
laboratories, it is still true that ac
tive vigorous industrial research will 
be a far more important factor in · 
post-war industry than was ever 

"The first World War, and par
ticularly the spectacular develop
ments in military aviation, .drew 
general attention both to the actual 
and to the possible achievements 
of applied science, and by 1940 the 
number of industrial research lab
oratories was more than seven times 
that of 20 years before. There is 
every reason to expect that the 
after-effect of the present war will 
be even greater. 

"Furthermore," Dr. Davis contin
ued, "this country has experienced 
an immersion in war research in 
the last two or three years that is 

Ingenious New 
Technica l Methods 

To Help  You With Your Reconversion 
Problems 

"Die- Less Duplicating" Eliminates 

Time Loss and Die Expense ! 

The Ol-ACRO Bender is a precision unit, designed 
to form and duplicate an unlimited variety of 
parts and pi eces-eliminating, in many cases, the 
need for sp ecial dies. Tubing can b e  accurately 
formed with the DI-ACRO Bender to a center line 
radius as small as 2 V2 times the outside diameter of 
the tube without distortion . Shapes and outlines, 
i mpossible to obtain with .regular production dies, 
are easily formed with the DI-ACRO Bender. These 
include round, half-round, hexagon, and square 
ro d, tubin g, angle, channel, moulding, strip, . stock 
and bus bar. 
Stops may be set and material guides mounted for 
production work in excess of 1 000 operations 
per . hour. The Bender is  compact and portable, 
I deal for temporary or permanent work. There are 
no extra parts to purchase, as the DI-ACRO Bender 
has been built to cover a wide working range, with 
simple conversions. 
Peacetime production for industry, forecasts the re
turn of Wrigley's Spearmint Gum-that favorite 
"help on the j o b," for workers everywhere. But 
Wrigley's Spearmint will b e  back only when con
ditions permit its manufacture i n  qua lity and 
quantity to m eet your needs. Until that day, we ask 
you to remember the famous Wrigley'S Spearmint 
Wrapper shown at right, as your guarantee of the 
finest chewing gum that can be made. 

You can get complete information from-
O' Neil-Irwin Manufacturing Co. ,  Minneapolis 15, Minn. 

Typical Shapes Formed by the 
Ol-ACRO Bender 

Remember this wrapper 
Z-86 
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The Editors Recommend 
PROCEDURES I N  EXPERIMENTAL PHYSICS -
By John Strong, Ph.D. A wealth of useful data of 
a practical kind for the conltructor. experimenter. 
and skilled craftsman. 16.80 

HIGH FREQU&'ICY INDUCTION HEATING -
By Frank W. Curtis. Answers many queitioDs con· 
.:erning induct.ion healin, and it. utility in industrial 
pToceSliei. Thoroughly prac tical in scope, $2.85 

I'LANNING TO BUILD - By Thomas It. 
Crfl.ighton. Answers ;many of the questioDs asked by 
prospective home builders. Planning, design, _ and 
conitcuctioD are fully covered . $2.60 

TOOL MAKING - Hy C. M. Cole. Instructions for 
making: and using all kinds, from personal tools to 
arbor presses, lathes, planers, etc ., in different 
metals. 83.60 

TECHNIQUE OF PLYWOOD - By Charles B. 
Norris Technical information on all phases of ply
wood manufarture and use, compiled for engineers, 
designers, and users of plywood . Important to 
Dlany phases of peace-time housinc and manufacturinc 
problems. $2.50 

OPTICAL WORKSHOP PRINCIPLES - By �ol. 
Charles Deve. War-time translation of a French 
work �n precision shop optics. with heavy emphasi� 
un actual handiwork. Covers glass. abrasives, cements, 
mechanical theory of working optical surfaces, sur· 
facing, testst centering, and so on . 86.10 

HANDBO OK OF CHEMISTRY AND PHYSICS 
A classic reference book recently revised and brought 
up-to-date to keep pace with recent research. In
dudes material on all branches of chemistry. physics, 
and allied sciences. Used in laboratories and by 
engineers, communications exp'erts, and the lerioua 
2571 page�. $4.10. Foreign $4.50 postpaid 

ATOMIC ARTILLERY - By John Kelloch 
Robertson. Electron s, protons, p ositrons, photons, 
neutrons, and cosmic rays, all described for the 
layman in plain language. Also transmutation of the 
elements and the manufacture of artificial radio
activity. $2.35 

PLASTICS - By J. H. Dubois. Third edition, 
again revised and enlarged, with two four-color 
plates. This is an important book on the whole 
ceneral subj ect of plastics, plus much brand n ew 
material on synthetic rubber, manufac turing processes, 
Ind p lastics moldings. $4. 10 

EXPERIMENTAL ELECTRONICS - By Ralph 
H. Jluller, R. L. Garman, and M. E. Dr!,,,. 
A solid book of eminently practical information on 
the characteristics and non-communication applica
tions of electron tub.. . The text describes experi. 
ments and presents results. For students, radio 
engineers, c ommunications experts, and the serioua 
,eneral reader. $4..75 

I'RISM AND LENS MAKING - By F. Twyman. 
. -\ wide vadety of notes based upon a long lifetime 
of practical optical ,hop work. Not a full ttep-br� 
.tep manual but a vauable working aid to the ad. 
vanced telescope maker and othera in optical work. 
While the text . deat. ostensibly with professional 
quantity productioD. much of it il basically ap
plicable to iingle.piece work. 84.60 

THE MODERN GAS TURBINE - By R. T"m 
Sawyer. Fundamental treatment, yet comprehensive 
in scope, covering industrial, marine, railroad, and 
turbo-supercharger applications of the gas turbine. 
Up-to-the-minute data on j et propulsion are included. 

$4. 10 

B e s t  S e l l e r s  

I n  S c i e n c e 

A PRACTICAL COURSE IN HOROLOGY - By 
Harold C� Kelly. Definite, outright, practical in
�tTUction� on watch making, repairs, and adjustment. 

$2.85 

!SLtDE RULE SIMPLIFIED - Ill' L. O. Itarris. 
How to use a slide rule without any of the mystifi. 
cation that often surround!' this imp ortant iool of the 
engin eer. Excel lent ilJllstrationlil make everything 
clear. $3.60 includine: a slide rule ; for book alone. 

t2.CiO 
AN I NTRODUCTION TO ELECTRONICS - By 
Ralph G. Hudson. Clear and concise explanation 

. of electronics and its modern applications. Very 
little mathematics is used. '3.10 

MACHINERY'S HANDBOOK - 1 2th Editi"n. 
"Bible of the mechanical industry ." 1815 page� 
of latest standards, data and information required 
daily in shop and draitin, room. $6.10 

ROCKETS, DYNAMATERS, JET MOTORS -
By .4. L. Murphy. Question - and . answer text designed 
to acquaint the uninitiated with rocket. and all their 
variations. Power plant. arc discusled, as well as 
vehicles and cuft to whicb they may ,he applied, 

,2.CiO 
PLA-STICS, PROBLEMS AND PROCESSES - By 
Mansperger and Pepper. The whole story of plas
tics, includin, II resume 'of manufacturin, proce88ell 
and a number of thoronch-,oinc: chapters devoted to 
plutics Ulct. $3.10 

THE FUNDAMENTALS OF CHEMISTRY - By 
Monroe M. Offner. This text introduces the reader 
to elements, electron., acidt, alkalis, and 10 on, and 
then c oven chemistry and itll relationship to every
day life. 80 cents 

ELECTRONIC PHYSICS - By Itector, Lein, and 
Sconlon. A aimplified text for those who desire to 
acquire a !ound basit for followin&, the advance of 
applied electronic.. ,3.85 

A LABORATORY MANUA-L OF PLASTICS AND 
SYNTHETIC RESINS - By C. F. D' Alelio. 
How to prepare many of th� well-known resins and 
plastics in the laboratory. Undentanding of the 
text requires a knowledce of oreanic chemistry. 

$2.10 

FUNDAMENTALS OF OPTICAL ENGINEERING 
- By D�nald_ H. Jacob •• This new work starts 
out at the very beginninc, i. mainly non·mathe
matical, and i. probably the be.t suited of all 
existinc boekl a8 an introduction to optical design . 
A�thor i. • •  phy.!icist at Buraell of Standards. 85.10 

WITH THE WATCHMAKER AT THE BENCH 
By Donald DeCarie. Simple, practical, straight. 
forward in.tructions on the repair of timepieces. 
with direct implications to the manufacture and 
repair of delicate inltrumentl of all kind •. 

.,.10 

TRIGONOMETRY FOR HOME STUDY - By 
William L. Schaal, Ph.D. E:r.teDlive and detailed, 

giving explanations a. the te:!:t . progrelsell. together 
with DumeroU. practical applicationl of tric, luch as 
machine Ihop problema, auneyiD" Daviea,tion, and 
50 on. 80 ce�ta 

ROCKET RESEARCH - By Con .. antin Paul 
Lent_ Partlr historical, plus a chapter on theory, 
plu. descriptions of practical application. and hints 
to exp erimeDten. Many drawin,1 eive specific de
tails of roc�et and jet moton. '5.10 

• ( The above prices are postpaid in the United States. Add, on foreign order., 
25¢ for postalle on each book, except a. noted. ) 

• 

(All prices subject to change without notice. ) 
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bowld to be contagious. Even our 
Office of Production Research and 
Development in Washington had 
more than twice as large a research 
fund at its disposal during the fiscal 
year of 1943-44 as was initially al
lotted by Parliament some 12 years 
earlier to the whole of England's 
national Department of Scientific 
and Industrial Research. Also dur
ing that same year 1943-44 the Office 
of Scientific Research and Develop
ment had a budget something like 
12 times as large as O.P.R.D.'s, and 
I have no doubt that the funds di
rectly spent on research by the 
armed services were even larger. 
A very large proportion of these 
vast expenditures bore more or less 
spectacularly useful fruit. This con
centrated national experience with 
research is sure to have an impor
tant influence Oft post-war indus
trial thinking. " 

CABI N·CAR 

Will Provide Privacy 
For Day-Night Travel 

AN 85-foot railway sleeping car 
which will have 22 unusually com
modious private rooms, all on one 
level, designed to satisfy the need 
for individual day-and-night ac
commodations and provide every 
possible comfort at a nominal tariff, 
was recently announced by the Ed
ward -G. Budd Manufacturing Com
pany. In this new "Cabin-Car" the 
beds are to be six fe€'t four inches 
long and 35 inches wide. Beds will 
be lowered into place or returned 
to their daytime positions electri
cally by the flick of a switch. The 
bed frames supporting the springs 
will be of lightweight magnesium, 
the mattresses of foam rubber. When 
the bed is in night position, a case 
for valuables and a combination bed 
and night light will be conveniently 
located. 

In daytime a deep cushioned, wide, 
adjustable chair-type · seat with 
curved head rest is provided. With 

Daytime make- up of cabin-car 
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the cluh-type arms folded the seat 
is wide enough for two. A clothes 
closet, toilet, and stainless-steel 
wash hasin are fitted into the aisle 
wall of each room. The top of the 
toilet, arranged as a second seat, is 
upholstered to match the chair. 

Heated or cool air, controlled by 
thermostats, for ventilation, is pro
vided through an overhead diffuser 
outlet, behind which is concealed 
a semi-circular fluorescent tube, 
providing general ' indirect lighting. 
Secondary lights are also fluorescent. 
Baggage space is large enough for a 
full sized suit-case. A locker above 
the wash basin contains a water 
carafe, glass, and drinking cups. An 
electric outlet is provided for razors 
and curling irons. 

Sound deadening features have 
been employed throughout the car, 
which is of Budd standard stainless 
steel construction. 

SCO RCH ED FI BERS 
Revived by Application of 
Ultra-Violet Rays 

By BRINGING grandmother's bleach
ing technique indoors, engineers 
have developed a scorch-removing 
process which will make extra thou
sands of scarce white shirts available 
to men in the next year. 

Instead of summer sunshine, a 
large shirt manufacturer is now us
ing a standard electric sunlamp to 
eliminate scorch marks. In effect, 
explains Eugene W. Beggs, West
inghouse vapor lamp specialist. the 

ReVIVIng scorched fibers with sunlamp 

long-wave ultra-violet rays gen
erated by the lamp administer a 
water transfusion to parched fibers 
of shirts scorched slightly during 
ironing. 

Irradiating previously dampened 
ginged areas, the ultra-violet pumps 
the moisture into the fibers, restor
ing the shirts to their' original white
ness in ten minutes. The phenome
non is the result of a photochemical 
action, or the ability of visible and 

Cheek Your PortioDS -

A · p o r t i o n  
weighing opera
tion in the C on
sume r  Se rvic e 
Test Kitchen of 
A r m o u r  a n d  
Company, Chi
cago, Illinois. The simplest way to control food c.osts is to check individual 

portions every day. Weigh them ! Failure to follow this 
practice is the most common weakness in the food field. 
Oversized portions lack uniformity • • • worse still they 
are unptofitable. Remember one-half ounce over per portion 
is pennies today, dollars in a month, several hundred dollars 
in a year • . • profits melting away. EXACT WEIGHT 
Scales stop these losses . • •  are sound equipment for profitable 
operation. Eliminate a real LEAK in your business by writing 
for full information covering these types of scales. Do it 
today! 

THE EXACT WEIGHT SCALE COMPANY 
65 west Fiftb Ave" Columbus 8, Ohio 

Dept; Ad. 783 Yonge St., Toronto, Canada 

invisible light rays. to c;aus� � c:hange 
in · the . chemical makeup of matter 
which absorbs those rays. 

"Grandmother probably never 
heard of photochernistry or of ul
tra-violet rays," says . Mr, Beggs, 
"but she took advantage . .  of. them 
when she bleached her white cloth
ing and- linens under the ultra
violet radiations of the summer 
sun. That is why we adapted the 
sunlamp for the job." 

The hleaching process was devel
oped primarily for commercial use 
but eventually the housewife and 
hand laundry may adopt a similar 
scorch-removing method. Ultra
violet also . may offer a valuable 

bleaching tool for the entire textile 
industry, Mr, Beggs adds. 

He estimates that the sunlamp 
process during '. , the coming year 
would expedite shipments of more
than 10,000 shirts from one shirt 
plant alone. 

The parched area in the shirt is; 
dampened and the shirt is placed 
five inches distant from the lamp, 
which is three times more powerful 
in its bleaching and suntanning 
properties than natural sunlight. 
After 10 minutes' exposure, the 
scorch is eliminated. By using the 
sunlamp in this manner, results are 
quicker and better than those ob
tained under rays of a summer sun. 
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New Products 
"Oxygen has always been a trouble

maker in the preservation of certain 
foods " Mr. Wilson says. "Unquestion
ably,

' 
its greatest deleterious effect is 

upon flavor. Rancidity and staleness 
are caused by the oxidation of natural 
oils. This rate of oxidation is affected 
not only by the amount of oxygen 
available but also by the moisture 
content �f the product and the catalytic 
effect of light." However, when foods 
are vacuum or gas packed in hermeti-. 
cally sealed containers, no oxidation 
can occur and the foods remain fresh 
as originally packed. 

a n d  P rocesses  
SOLDE R I N G  STAN D 

Features Adjustable Hood 
And Fume Stock 

EMBODYING the flexibility required for 
soldering with iron, torch, or soldering 
pot, the hood and fume stack of a new 
soldering stand can be raised and low
ered to accommodate any of the three 
heating elements used in soldering. 

This SSll soldering stand, developed 
by the Ess Specialty corporation, per-

Three different types of soldering 
con be accomplished in  this stand 
because of flexibil ity of its design 

mits interchangeable soldering, greater 
protection against injurious fumes, 
minimizes hand fatigue, eye strain, and 
so on, and increases soldering produc
tion and efficiency. 

Soldering with this stand allows 
maximum freedom for work passing 
and enables the operator to focus atten
tion on the soldered joint by means of 
the plate-glass window (or magnifying 
glass) in the hood, thus quickening the 
soldering pace by elimination of lost 
motion. 

GAS PACKING 
Preserves Foods From 
Effeds of Oxygen 

A PROCESS which may some day match 
the popularity of "vacuum packing" as 
a guarantee of flavor freshness in 
canned foods such as coffee, nut meats, 
camiy, and dehydrated products, is 
"gas packing. " Both processes have 
the same purpose-to' prevent rancidity, 
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off-flavor, and vitamin loss by elimi
nating oxygen from the containers in 
which the foods are packed. 

According to R. V. Wilson, director 
of customer research for Continental 
Can Company, gas packing has been in 
commercial use for a number of years, 
but has not enjoyed the publicity that 
made vacuum packing famous. Each 
process has certain advantages, but it is 
impossible to tell which is best for any 
particular product until specific lab
oratory tests have been made. 

Whereas vacuum packing is the 
process of drawing air out of a can be
fore it is hermetically sealed, gas pack
ing works on the opposite principle of 
displacing the air with an inert gas. 
Actually the two processes are usually 
combined-the air is first exhausted, 
and the gas is then allowed to rush in 
and take its place. 

The gases used are either carbon 
dioxide, the well-known "soda-pop" 
gas, or nitrogen, which makes up 78 
percent of the atmosphere. Both gases 
are harmless, and do nothing but take 
up space. 

He also points out that it is imma
terial whether a vacuum exists in the 
container or not SO long as the amount 
of oxygen present is low enough to 
preserve the product. Common prac
tice is to limit the amount · of oxygen 
to 1 to 3 percent. 

One of the advantages of gas packing, 
according to Mr. Wilson, is that it per
mits packing any size container with 
an extremely low oxygen content. Since 
the containers are then sealed at at
mospheric pressure, there is also less 
likelihood of subsequent strain or air 
leakage. 

ACI D·PROOF WOOD 
Produced by 
Plastics Impregnation 

STRUCTURES exposed to rapid deterio
ration by contact with acid solutions 
or fumes can be made acid-resistant 
through use of a plastics-impregnated 

O P T I C AL.  * 
If" I,)  ,t.] ,� 
and REFLECTORS 

FOR E L E C T R O N I C , O PT I C A L  
A N D  SCI ENTIFIC APPARATUS 

WE specialize in the produdion of 
front or rear surface mirrors, made to 
your specifications. Closest optical and 
dimensional tolerances observed. 

Because of their proven superiority, 
ZENITH mirrors are preferred by many 
leading m a nufactu rers of precision 
equipment. 

• EXCEPTI O NA L  R E F L E C T l Y I T Y  

• A L U M I N UM, S l LYER,  G O LD,  e t c .  
• OPAQUE  O R  S EM I·TRA N SPA R E N T  

• P��MAN ENT  C H AR� CTER I S T I C S  

• P R O M P T  S E R V I C E  

We invite your inquiry. Samples and 
quotations will be submitted promptly. 
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wood. Such acid-resistant wood has 
been found to be sound and firm after 
18 months service When untreated 
wood under identical conditions lasted 
only two to three weeks. 

The plastics treating material, devel
oped by Koppers Company, Inc., is 
liquified by high temperature and the 
wood to be processed is immersed .in 
the compound in sealed retorts. The 
plastics is forced deeply into the wood 
fibers by high pressure at temperatures 
sufficiently high to hold the compound 
in the liquid state. After an impregna
tion period of 10 to 20 hours, the com
pound sets-up as a plastics-solid dis
tributed in the c,ells of the wood as it is 
allowed to cool, to produce the mate
rial known as Asidbar. The treatment 
increases the weight and hardness of 
wood, and gives it a black surface 
which need not be painted; resistance 
to wear and abrasion, water and chemi
cals is considerably increased. The 
properties of Asidbar make it suitable 
for many requirements of severe ser
vice conditions at temperatures up to 
180 degrees, Fahrenheit. 

Wood thus treated is non-toxic and 
can be installed with ordinary wood
working tools. . 

PRINT MACH I N E  
Uses Dry 
Developing Method 

RAPID and automatic reproduction of 
engineering and architectural draw
ings, printed matter, office forms, speci
fication sheets, letters, advertising lay
outs, and a wide variety of other ma
terials, is possible with a new machine 
developed by the engineering depart
ment of the Ozalid Division of the Gen-

H igh -speed, versatile printing unit 

eral Aniline and Film Corporation. 
Known as the Printmaster, this machine 
will print and dry develop as much 
as 30 feet of material a minute, produc
ing positive prints, which have blue, 
black, red, or sepia lines on a white packground. These prints may be re
produced oli paper, cloth, foil, or film. 

These materials are sensitized with 
special azo dyes which react in the 

Versatility 
for Precision Toolroom UIOrk 

The ease with which South Bend 
Toolroom Lathes can be changed from 
one set·up to another for an almost 
unlimited variety of precision opera
tions is one of the reasons for their 
popularity in the busy toolrooms of 
war·rushed essential industries. 

Convenient, well placed controls ; easy 
reading graduated dials; and smooth operation 
save time and reduce operator fatigue to a 
minimum. A wide range of spindle speeds per
mits machining various kinds of metals with 
maximum cutting tool efficiency. Threads and 

power feeds for all requirements are 
instantly available through a full quick 
change gear mechanism. A complete 
line of attachments and accessories sim
plifies tooling lathes for many special 
and unusual classes of toolroom work. 

South Bend Toolroom Lathes and 
Engine Lathes are made in five sizes : 9", 10", 
13", 14Yz", and 16"swing respectively. Precision 
Turret Lathes are available in two sizes : Ser
ies 900 with 9" swing and Yz" collet capacity 
and Series 1000 with 10" swing and 1" collet 
capacity. Write today for catalog. 

C O L  L E T S  
Col1ets for all sizes and types of 
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sizes from 1 1 16" to 1" diameter in 
steps of 1/6411 are available. 

Check your collet requirements 
today-for toolroom, maintenance, 
and production work - and order 
all you need. Often the time saved 
by having on hand' the ri�ht size 
collet for a single rush Job win 
�

o
�
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e
t��t; A�� t��I=� �fj;�tre. size and serial number 

S O U T H  B E N D  L AT H E W O R K S  
&Sa E. Madison St • •  Lathe Builders For 39 Years ' South Bend 22, Inel. 

presence of ammonia vapor, which is 
the developing agent employed in the 
Printmaster. They require no wash
ing, drying, or fixing, as is the case 
in blueprint and the "wet " processes. 
In addition, this same machine can be 
used to produce photographic prints 
in a matter of seconds without the use 
of wet developing solutions. 

LAM I NATE PLASTICS 
Can Be  Made in Any 
Color or Thickness 

COLORFUL and lightweight refrigera
tors, luggage, and furniture of any size, 
shape, or color you want, made from 
a new . cellulose plastics laminate, is a 
post-war possibility, according to the 
Hercules Powder Company. 

Made like a sandwich, the cellulose 
laminates actually are tougher than 
steel of equal weight, lighter than alu
minum of equal thickness, and have 
unlimited color possibilities. 

To make the laminates, pieces of tex
tile, paper, or similar material are 

coated with ethyl cellulose or cellulose 
acetate, stacked, inserted between two 
highly coated stainless steel plates, and 
placed in a press. Under heat and pres
sure, the plastics textile combination is 
welded into one sheet of laminate. 

The thickness of the finished laminate 
sheet, determined by the number of 
plastics-coated textile pieces stacked, 
varies according to the use for which 
the laminate is designed. 

The inherent strength of the cellulose 
derivatives is greatly reinforced by this 
laminating technique. Some of the 
laminate samples cannot be broken on 
standard plastics impact strength test
ing equipment. 

Industrial design artists will be able 
to let their imaginations run rampant 
when thinking about new articles 
made from cellulose laminates, because 
color possibilities are endless. For ex
ample, plaids, flowered designs, and 
prints can be imbedded in the laminate 
to create products of deep, lasting 
beauty. 

The flat laminate sheets can be 
turned into end products with inexpen-
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Get the help of this new 
aid to Scientists 
-Photocopying ! 

New unit copies anything! 
Records important 
data in accurate, 
p e r m a nent  f o rm  

APECO quickly 
makes copies of : 
CHARTS,  G R A P H S  

DRAW I N GS 
RECORDS 
REPORTS 

PHOTOGRAPHS 
VALUABLE PAPERS 

CL I P P I N G S  
LETTERS 

(over 100 others) 

N ow, in your own office, make copies of any .. 
thing written , typed, printed. drawn or photo
graphed-even if on both sides ! .  Permanent, 
error�proof photocopies-at amazingly low cost ! APECO makes them at 1 -a-minute speed 
-saves h ours of drafting, typing, checking. No 
darkroom or tech n i cal knowledge needgd
even a boy or girl can easily APECO. 

Send for your free copy 
of this informative book! 

• • •  tells how APECO 
Photocopying can serve you 
20-page, fully illustrated book 
gives you the story of Photo
copyin g-shows graphically 
the Hwhat" and " h o w "  of t h i s  amazingly simple procedure. Yours without o b l i ga t i o n .  Write, today: 
A M E R I C A N  PHOTO C O PY EQ U I PM ENT C O. 
2849 North  C lark  St . ,  Dept.  K H 1 1 5, C h icago 14 ,  I l l i nois 

Representatives in principal cities and Canada 

Eleclric H eat ing Elemenls N ow You Can Repair Them 

USE N ICH ROCITE PASTE ft. Simply overlap ends,apPlY� 
• Nichrocite Paste and turn 'I :.:.... _ en current. Used by large ' 

. . utility companies. Trial 
_ !r���n�� '�i� 

.
. oz., $2.50; � 

Armstrong Electric Mfg. Co. 
Box 861 ·SA, Minneapolis, Minn. 

r.ash r Amazing Opportunities .-. • N O W  O P E N  in These 
P RACTI CAL Money-Making Trades! 
' wa t c h  a n d  c l o c k  rep a i r i n g· 

Leam,At Home e lnYour Sparetime Prepare for a happy future of pros-
f;�i�6��U�!!cin��rn�:e�i;���;��� 
yCO'fft��R��'l��x����t ret�lro� part-time work at home. 

COURSE in HOROLOGY A THOROUGH self-instruction training in American and Swiss watches. clocks. Special sections on alarm clock repairs. A new. 
r������lo��e��d�f �.?£!�r� ... ..:::.....l:w.; .. .a:Il�=.., QUI4?K�Y, easily: No pr:evious 

experience necessary. Whtchmakmg IS. the, baSIC tr!ll.mn� for 
aircraft instrument work, and other sClentlfic precISIon J?bs. 
Amazing LOW PRICE- Money-B!"ck Guara�t!"e. Get In�o 
this fast-�rowing field NOW . • .  big opportumtles . . . don t 
delay. Mall coupon below for free information. No obligation. 

locksmithing and key making 

_ - . Free - Mail Coupon Todayl· - ..,  
I NELSON CO., Dept. 8l3 1 ,  321 S .  Wabash, Chicago4,1II. I 
I Please send me-FREE and without obligation-HI us- I I trated Success - Catalog containing information about I I the course (or courses) I have checked below. No salesmen will call. 0 Watch and Clock Repairing. I I 0 Locksmithing and Key Making. I I I I NAJflE ______________________________ I I· ADDRESS _ _________________________________ I . . I L�I.!.Y ___ � _ _; ____ ���-__ -__ .. 
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sive equipment. Operations such as 
drilling, punching, and riveting usually 
are unnecessary because the plastics 
in the laminate sheets forms its own 
adhesive, or a solvent-sealing process 
can be used. 

PU N C H  P RESS 

Adaptable to Many 
Different Jobs 

AN OPEN-FACE punch press, suited to a 
wide range of small punch press op
erations, does work fast and accurately 
in stamping, perforating, blanking, 
punching, piercing, light drawing, 
forming and assembly jobs, crimping, 
die work, and many similar operations. 

Unskilled workmen can quickly learn 
its operation and turn out precision 
work within exceedingly close toler-

V - belt drive, open face press 

ances. The press is said to work equally 
well on metal, cloth, rubber, wood, 
synthetics, and plastics. The body is 
heavily reinforced and the slides are 
designed for maximum wear. Pilot bars 
are solid ground alloy steel. Automatic 
wick-oilers provide guide-rod lubri
cation. The shaft is a hammered steel 
forging. The clutch is positive and 
made of heat-treated alloy steel. The 
flywheel is solid metal, grooved for V
belt drive, and balanced for smooth 
operation and maximum power. 

I M PACT WRENCH 

Eliminates Thread 
Stretching and Burning 

DELIVERING ample power for stall
proof operation, a 1f4 inch capacity 
pneumatic impact wrench with straight
type grip and lever control is par
ticularly suited to assembly-line jobs 
of nut-setting and screw-driving. 
Through its torque control mechanism, 
stretching or "burning" of threads is 
eliminated. Control is obtained primar
ily through the construction of a roller 
clutch impacting mechanism which 
consists of only four major parts
anvil, hammer, and two cylindrical 
steel rollers. When in operation, cen
trifugal force throws the two steel 
rollers out against the hammer where 
they are caught in shear between the 
hammer and anvil members. This 
transfers the full torque through to 
the work in the form of a sudden im
pact. When the selected torque is 

Air- operated a utomatic wrench 

reached, the rollers rebound from the 
anvil face and do not allow the ham
mer to engage for impact. This method 
of impacting prevents any stretching 
of the threads on either the stud or 
bolt and guarantees maximum torque. 
The simplicity of design of the roller 
clutch impacting mechanism insures 
long life and ease of maintenance. The 
motor itself is of rugged construction, 
governor controlled, employing a six
bladed rotor mounted on precision ball 
bearings and is housed in an aluminum 
case. The complete tool made by the 
Aro Equipment Corporation, has been 
designed for perfect balance and easy 
handling. 

APRONS 

Have Strong Neck 
And Waist Tapes 

LIGHTWEIGHT and acid, alkali, and oil 
resistant, a new apron is made from 
fabric coated on · one side with a black 
vinyl resin, for use in the canning and 
other industries. Announced by The 
B. F. Goodrich Company, all edges of 
the apron are hemmed and the neck 
and waist tapes are in one piece, sewed 
into the hem of the arm cut-out, giv
ing the apron strength and rigidity as 
well as a good drape. 

LAT H E  FILE 

Has Easy 
Replacement Feature 

DEVELOPMENT of a new lathe file 
which retains the advantages of previ
ous models in that it will cut steels no 
ordinary file can cut, at speeds three 
to ten times faster than steel files, and 
with a life of from 50 to 200 times as 
long, has just been announced by Ken
nametal, Inc. It also provides a longer 
filing surface, quick and easy blade 
replacement, and greater handling con
venience. 

In this new design, the blanks have 
brazed-on nuts, as shown in the insets 
on the illustration, and are attached to 
the light-weight aluminum alloy han-

Fi le  handle shaped',for convenience 
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dIe by screws. They can therefore be 
.readily replaced when worn from long 
service. The handle grip is shaped to 
fit the hand, and has a thumb rest and 
knuckle guard. An extension beyond 
the filing surface supplies a convenient 
finger hold. 

S ELF-LOCKI N G  P I N S  

Used t o  Replace 
More Expensive Fastenings 

STANDARD and special self-anchoring, 
vibration-proof pins, designed to re
place more expensive taper pins, keys, 
cotter pins, set-screws, rivets, and so 
on, are pressed or driven into standard 
drilled holes. These pins have four 
flutes on the surface parallel to the 
axis, the length and position of which 
can be controlled accurately, so that 
fully or partially grooved pins are 
available. Fully grooved pins have a 
pilot at one end so that the pin can be 
easily inserted. 

The raised, work-nardened edges of 
these flutes provide an expanded di-

Pins lock themselves when driven 

ameter of a .  few (specified) thou
sandths greater than the nominal 
diameter of the pin. When the pin is 
inserted in a drilled hole, these raised 
edges are compressed inwardly, pro
viding a resilient self-locking element 
which, it is claimed, will hold in
definitely under vibration or shock 
conditions. Manufactured by the Driv
Lok Pin Co�pany, they are available in 
sizes from 3 / 64 inch to % inch di
ameter, and from 3 /16 inch to 4lj2 
inches in length, in any material, and 
in a wide variety of types. 

D I ESEL FUEL 

Improved by Us.e 
Of Additive 

ESPECIALLY prepared as an additive 
to Diesel fuel oils (four ounces to each 
10 gallons of regular Diesel fuel oil) , a 
new concentrate prevents corroding
and sticking of injector nozzles and at 
the same time gives top-cylinder lubri
catiQn where ordinary oil fails, thus 
preventing the formation of hard car
bon and sticking rings. 

Gibraltar Diesel Fuel Oil Concen-

For Modern 
Lighting a nd Electronic Applications 

Hot Cathode Fluores
cent Lamp Ballast (End 

of Bottom Leods). 

Although specialists in the design and quan
tity production of transformers for a quarter 
century, the demands of the past few years 
have brought about many developments. The 
requirements for military and essential in
dustry purposes h ave multiplied many-fold 
with further emphasis on exactness and uni
formity. 

Transformer specialists before the War
great strides h ave been made in anticipating 
and meeting requirements of greatly varied 
character that have multiplied many-fold for 
military and essential industrial purposes. 

Th. Most Wid.ly 

Reports from all over the world emphasize 
the reliability of Jefferson Electric Transform
ers. Wherever used-on land, sea or in the 
air-in the frozen North, or hot, dry or humid 
tropics, the value of "quality" i s  being dem-

Used Luminous Tube (Neon) Transformer. 

Transformers for Radio, Radar, 
Television and Electronics. 

Special Purpose Small 
Transformers. 

onstrated daily. 

Now is a good time to study your transformer re
quirements and let Jefferson engineers make recom
mendations that will save your time later. 

As a first step send for a copy 
of new Booklet 4 5 -V. It is yours 
for the asking. 

Send for this new 
iI1ustrated book 

4S-V 

JEFFERSON ELECTRIC COMPANY • 91 6 -2Sth Ave., BELLWOOD, ILLINOIS 
In Canada: C a n a d i a n  Jeffe r s o n  E l e c t r i c  C o .  Ltd . . 3 84 Pape Avenue, Toro nto, O nl. 

P I O N E E R  T R A N S F O R M E R  M A N U F A C T U R E R  
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"0 ught to be read 
by scientist and 
non- scientist 

alike" 
- The Scientific Monthly 

"A series of lively per
sonal sketches. and a useful, 
rapid picture of what is going on 
in such fields as general physics, 
genetics, astronomy and atomic re
search ." -The New Republic 

"Mr. Jaffe gives us more than 
a series of penetrating biographies. 
\Ve have not only pictures of ex
ceptional scientists in action, but a 
history of science in biographical 
form. Though the men selected 
were not aware of their social im
portance, they influenced society 
profoundly. This social note vi
brates through the book, and stands 
as an . example of the way biog
raphies should be written." 

-Book-of-the-Month Club News 

II A pioneer in an important 
field. Mr. Jaffe has succeeded in 
stating an outline of American 
science and in describing its con
tinui ties and interrelationships, 
and is, so far as I know, the first 
historian who has ever done so. 
Re has written a book which has 
long been needed." 

�New York Herald Tribune 

Professor George Sarton of 
Harvard has written the fore
word. The book contains 600 
pages, 28 plates, and 25 text 
diagrams. Third printing. 

Price $3 .75 

. SIMON AND SCHUSTER, Publishers 

3 10  

trate i s  claimed to give instant over
head lubrication where the ordinary 
oil system does not reach. It penetrates 
the pores of the metal and, in addition 
to giving proper lubrication, prevents 
hard carbon from adhering to the 
metal surface. Any carbon which is 
formed will be soft, and because the 
metal pores are impregnated with oil 
capable of withstanding high tempera
tures, the carbon will be expelled from 
the engine through the ports. 

MARKING POT 

Is Economical of 
Stencil Ink 

CONSTRUCTED with two rotating wooden 
rollers which convey the liquid mark
ing ink from the bottom of the closed 
metal container to the top roUer and 
then to the stencil brush, a new mark
ing pot is economical of ink. All the 
ink in the pot is used and, because 
there are two rollers which automati-

Rollers convey marking ink  

cally stir the ink to prevent settling, 
there is no pigment accumulation on 
the bottom and no thickening of the 
residue of ink left in the pot. 

Ink capacity is 12 ounces. The cover 
has the two roller assembly attached 
to it. This is easily removable for fill
ing and cleaning. 

G LOVES 

Protect Hands of 
Industrial Workers 

HIGH temperatures and humidity 
greatly increase susceptibility to indus
trial dermatitis and call for the con
stant wearing of protective clothing. 
To protect the hands from irritating 
solvents, Resistoflex Corporation has 
developed a transparent glove made of 
compar, a vinyl resin derivative. 

These gloves give complete protection 

Counesy Grumman Atrcran EnlUleer1Dg Corp. 
Hands protected by plastics g loves 

Only book of its 
kind ever published. 

' Yo u r s  a b s o l u.t e l y  
free! Contains spe· 
c i fi c  and easy to 
understand instruc
tions on the proper 
way to extinguish 
motor vehicle Jires. 
Includes I.C.C. safety 
regulations. Get your 
copy today! No cost 
or obligation! Write 
the General Detroit 
Corp., Dept. l l -E, 
2 2 7 0  E. Jefferson, 
Detroit 7. 

ArlDy-Navy Bargain!! 
Shot gun nipples, 4 for . . . . . . . . . . . . . . . . . . . . . . .  $1.1 
Flints, assorted, 10 for . . . . . . . . . . . . . . . . . . . . . . . 1.1 
Eagle buttons , old style, 6 for . . . . . . . . . . . . . . . . .2 
Cartridge belt, cal. 30 dOUble row . . . . . . . . . . .  .1 
Leather belt, black, bar bUCKle . . . . . . . . . . . . . . . .1 
Watering bridle, bit and reins, black . . . . . • . .  1.� 
Krag rear sight. Model '92 . . . . . . . . . . . . . . . . . . .  1.1 
Prices do NOT include postage. 1945 catalog, 31 
pages mailed for one dollar. Circular for 3t starn] 
FRANCIS BANNERMAN SONS, 501 Broadway, N.Y. I 

When you write to 
advertisers 
• The Editor will appreciate 

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

F R E E  Il'tJ·i!· � � - � � ,.� ("::.:. :� IIshers listed in our 51st 
Annual Bargain Catalog of 320 pages. Old·tlme favoritE 
-late�t " best sellers. "  Reference, Fiction. Juvenile, His 
tory, Scientific, etc. Supplying schools, colleges, llbrariE 
and thousands of indiVidual customers. Send postcar 
today for our new 1946 catalOg, 44BarpiDs In Books.' 
THE BOOK SUPPLY CO., Dept. 19: 
5 64-5 66 West Monroe St., Chicago 6, Illinoi 

E X P E R I M E N T E R S  
Assortment of almost 400 va.luable new springs. 
75 different kinds. numerous sizes, conta.ining 
torsion. expansion. compression, and some flat 
types, 10,000 uses, $2.00. Useful for al1 experi
ments. models, repairs. Deluxe assortment, $3.00. 
Jumbo assortment, $5.00. Utility assortment, 
$ 1 . 00.  Postpaid. Satisfaction guaranteed. 

TECHNICO 
P. o. B o x  246-C, West Hartford, Conn. 

15,000 
FORM U LAS 

1077 
PAGES 

HOPKI 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 

SCIENTIFIC AMERICAN 
24 West 40th Street, New York 18, 

N .  Y. 

SCIENTIFIC AMERICAN NOVEMBER 1 945 



because skin surfaces are prevented 
p-om coming in contact with fuels, oils, 
paints, lacquers, thinners, dry cleaning 
fluids, degreasing solvents, sulfur-base 
cutting oils, and so on. Impervious to 
all organic fluids and many that are 
inorganic, the gloves are highly abra
sion-and-tear resistant. In a wide va
riety of plants where varsol is used 
for degreasing metal parts or where 
kerosine is employed in the Magna
flux inspection process, compar gloves 
are used to protect the skin. 

MAG N I FYING LENSES 
Now Built Into 

Fluorescent Fixtures 

AN ADAPTION of "Super Sight" mag
nifying units to fluorescent lighting 
has been announced by the Safety Di
vision of The Boyer-Campbell Com
pany. The combination is mounted on 
a balanced bracket that can be in
stantly placed in any position. 

Where the units are used continu
ously-in engineering for reading the 
slide rule, making detailed layouts, 

Close-up shows lens and lamps 

checking prints, and so on; in the shop, 
for work over a surface plate; at the 
bench, for reading verniers and micro
meters; for inspection, in checking 
hardness cracks and similar work-the 
cool fluorescent lighting adds substan
tially to the comfort of the operator. 

FLU ORESCENT HOUSING 
Made of  Transparent Plastics 
To Protect Glass Tubing 

ANOTHEll. practical use of "Lucite" 
methyl methacrylate resin, which al
ready has revealed a number of other 
possibilities for the plastics in the 
fluorescent lighting field, is a cylindri
cal transparent housing used with 
portable industrial lighting equipment. 

According to lighting manufacturers, 
the light-weight plastics housing, which 
is machined from tubes of the clear 
plastics, provides good light transmis
sion, 15 practically unbreakable under 
normal working conditions, and is 
water and vapor tight-an important 

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 Sales 
"'::.. (\ � 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 $6.7o-10x4 $R50 Credit 
Compact Use Visible Indexing, Color Signaling, Visible Payroll 
Low Cost Tabulation of vital information. Ten years Purchase 
Convenient national use. Send no money. Satisfaction Prospects 
Saves Time Guaran,teed. W"ite for Catalog Collection Hn/HrliO�Ar R oss-Gould Co., 365 N .  Tenth .I���� ST. LOU I S  

MAG I C  ELECTRI C  WELDER 
110  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 
by the Navy. For professional or hobbyist. 
Only $19.95. 

MAG I C  WELDER MFG. CO. 
239 Canal St. Dept. PA-ll New York City 

PIKE 
POCKET 

MICROSCOPE 
Equipped with ful ly 
Achromatic lens sys
tem 40X 50X 60X in 
same tube. Price 
$1 5.00 i n  lea ther case. 

E. W. PIKE & CO., 
El izabeth 3, N.  J. 

WANTED 
Financial aid for patenting and developing my 
new idea for a tlash steam boiler. 

ERN EST TANGE 
Box 492 

NORTHVILLE 
R.f.D. l 

NEW YORK 

With DI-ACRO 
B E N D E R S  . . . . 
The DI·ACRO Bender makes perfectly 
centered eyes from rod or strip stock at 

h igh hourly production rates. 
Both eye and centering bend 
are formed with one opera-
tion. Any size eye may be 
formed within capacity of 
bender and ductile limits of 
m aterial. 

Dr-ACRO Precision Bending is 
accurate to .001" for duplicated 
parts. DI-AeRO Benders bend 
angle, channel, rod, tubing, wire, 
moulding, strip stock, etc. 
Machines are easily adjustable 
for simple , compound and re
verse bends of varying radii. 

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" 

[n this 182-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 instructio�s on every phase 
Df the work from taking the prints 
to final identification. Numerous 
photographs and reproductions of 
prints make all details dear. 

Used by many governmental and 
industrial personnel departments 
and by the F.B.I. 

�4.25 postpaid 

Order from SCIENTIFIC AMERICAN 
24 West 40th Streat, New York 1 8, N. Y. 

-n.. _ _  �. � __ _ "'r� II CENTERED 

� 
Send for Catalog 

"DIE - LESS" DUPLI
CATINO showing many 
kinds of "die-less" 
duplica.ting produced 
witl> Dr-ACRO Bend
ers, Brakes and Shears. 

347 E I G HTH AVE., SO., 
MINNEAPO L I S  1 5, MINN. 
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BIG opportunities and jobs 
waiting for those who speak 

Spanish. Millions of dollars be. 
ing invested in Mexico, Central 
and South America. Enjoy 
more - earn more. Increase 
social, business, 'ravel and 
reading pleasures. CORTINA 
Method famous for over 60 
years, teaches you to speak like 
a native. Learn quickly, easily 
at home "by listening" to Cor
tinaphone records. Thousands have, why not you ? 
No risk under our Five·Day Approval 'offer. 
FRENCH, GERMAN, ITALIAN also taught by this 
amazing method. Send for Free Book. HThe Cor
tina Short-Cut"-state language interested in. 
CORTINA ACADEMY-Established in 1882 
Dept. 1611 105 We.' 40th St., New York 1 8, N. Y. 

�!IDjmJ�!!ll!!mJC!!lI!!JIIDi!!ll!!mJ�!!lI!!:�lll!!:mJl!!:mJ������@ 
AC H RO M AT I C  T E LESCO P E  i 

O BJ ECTIVES Ii Built to your order � 
Fluoride Hard Coated Surfaces Made from � C.own and Flint Precision annealed Optical � ' Glass � Clear A perture Focal Length Price � 2 inch 20 inch $ 1 5 ,00 � 

3 " 45 " 40.00 � 
4 " 60 " 1 00.00 � 

II 5 "  75 " 200.00 � 
6 " 90 " 400 .00 � 

We can manufacture any size objective [gI 
II and focal length to your order. 

. � 
All focal lengths subiect to plus and minus � 
tolerances of 2 Yz % .  � REFLECTI N G  TELESCOPE MI RRORS COR- � 
RECTL Y FIGURED: CHROME ALUM I N IZED: � 

Made from Pyrex blanks; � 
Diameter Foca l Length Price � 
41/4 inch 32 inch $ 1 5.00 � 
6 "  48 " 40.00 � 

w 8 60 " 70, 00 . [gj 
� 1 0  8 0  " 1 00.00 � \I 1 2 1/2 " 96 " 200,00 � � Above objective lenses and mirrors guar· Ii � anteed to be built to your satisfaction, or Ig) � we will refund your money. � �i: M A Y F L O R P R O D U CTS C O R P. i 
II KATONAtf 2, N. Y. � �����jgJ����[gJ 

I 
, 

, Manufacturers ever7where 
are b'u7ing' patent rights 
DOW, ,so they ",m . have 
new items to make and 
sell fot'-clvllian consump-' 
tion as soon as the war 
is over. You should look 
ahead to the future. too. 
Protect your invention 
and yourself by -"" " -"L 
for ,a . patent DOW. 

Registered .  Patent Attorneys 
55· L Adams . Bldg. ,  Wa-shington 4, 

Please send !,our 48·Page "Patent Guido" 
and j'our • Record ' 0.£ Invention" form 
FREE. This request does ·not obligate me. I I Na:,ne . .  , . . . .  ; ... . . . . .  . . . . . . . . . . .  . 

I Address . . . . . . . . . . . ' ,  - . . . . . . . . . . . . . . . . . . .  � 
a City" . . . . . . . . . . . . . . . . . . . . State . . . . . . . .. . . ;1 
-'� � - - - - _ _ __ _  � -...J j 

3 1 2  

advantage over wire guards . common
ly used with this type of lighting equip
ment. 

The complete lighting units, which 
are especially designed to bring il
lumination to remote, out-of-the-way 
places, are available in 6, 8, 15, and 30 
watt sizes. They have been found prac
tical for inspecting large gun barrels 
as well as the interiors of tanks and 
planes, and are being used by repair 
men in the plumbing and electrical 
fields and in underwater salvage op
erations. 

CONVEYO R D RIVE 

Can Motorize Existing 
Conveyor Equipment 

To MEET the demand for an efficient 
power unit for motorizing conveying 
equipment a self-contained assembled 
unit has been developed, built solidly 
in an iron frame, ready to be quickly 

Drive unit and motorind conveyor 

and securely bolted to the chassis of any 
piece of conveying equ1pment that 
needs to be mechanically operated. 

The Island Equipment Corporation's 
"Power Pac" unit consists of, motor, 
driving rolls, switch speed reducers 
(where wanted) , controls, correct gears, 
and all necessary mechanism to enable 
the user to make the proper connec
tions to their equipment. 

With this unit, an ordinary gravity 
conveyor can be motorizeq; allowing it 
to carry up grade where heeded. 

D I E  CHANG I N G  

Made Easy With 
Special Trucks 

DIES weighing ;to to 20 tons or more, 
as used by builders of ,heavy industrial 
equipment, require frequent. removal 
and replacing on presses. These large, 
cumbersome loads are now, handled 
quickly, safely; and economically with 
a modern die-handling truck. 

The illustration shows such a truck 
in operation in an airplane plant. In this 
method of handling dies, the driver 
pulls up to the press bed and elevates 
.the platform to the height of the bed. 
He then reels off wire cable, on both 
sides of the truck, passes each length 
through a pulley on the end of the 
platform, and hooks it to the rear side 
of the die. When the cable is wound 
on the drum the die slides off the truck 
on to the press. In removing the die 

It's the first small portable tool and today's 
finest for work on metals, alloys, plastics, 
wood, horn, bone, glass. 

Smooth, steady power at your fingertips. 
The Handee is perfectly balanced, weighs 
only 12 ounces, fits your hand comfortably 
- it's the "non·fatiguing" t01>I. 

Handee's usefulness is as extensive as 
the number of quick and easy-to-change 
accessories you own. Choose from more 
than 300 in the Chicago line. Operates on 
AC or DC current at 25,000 r.p.m. 

Order today. Satisfaction guaranteed. 
Postpaid with 7 accessories, $18.50. 

Handee Kit - Handee Tool and forty·five prac. 
tical, most popular accessories, all in strong, 
compact case. Postpaid, $25.00. 

FREE - Ask for new 64-page catalog. 

CHICAGO WHEEL & M FG. CO. 
1 1 01 W. Monroe St . ,  Dept. SA, Chicago 7, - 1 11 .  

PORRO PRISMS 
1%" x 15/16" Oval Face. Manufactured by world
famous opticians for Army & Navy 8 x 50 bino'eu
lars. Rejected for slightly chipped edges. 
Outstanding Bargain ! 

4 for $ 1 . 00 postpaid 
No C O D  - Remit with order 

30¢ ea. 

HARRY ROSS 
Scientific and Laboratory Apparatus 

70 W. Broadway, N.  Y. 7, N. Y. 

EXPAN D I N G  SAFETY LEATHER 
WATC H 

BRACELET 
New I nvention ! 

Fits watches with ad,.. 
iustable , pins. . Made ' 
from the finest Gen· 
uine·  Leather. N 0 oth�r 
Watch Strap at any 
price has these Pjlt� 
ented advantages. 

USED BY THE U. S. NAVY 
SAFETY WATCH STRAP .COMPANY, 

Dept. 22, 1 944·l st Ave., N .  Y. 29, N .  y, 
Rush ( ) Watch Bracelets ; send price,s for 
dealers ( ) .  
( ) I will pay postman $ 1 .00 C.O.D. charges 

and postage. ) I enclose $1 .00. Send watch bracelet 
. post-paid and insured. Regulated in si�es 

within 2 inches. For perfect fit mark size of 
wrist: Small ( ) Medium ( ) Large ( ) 
Name ( Print ) . . . .  , . . .  , . . . . . . .  , . . . . . ' .' . 
Address . ,  . . . . , . . . . . . , . . . . . . . . 
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JUST PUBLISHED! 
COMPLETELY NEW! 

The (;helDi�al 
ForlDulary 

Vol. V I I  

H .  Bennett, Editor· in·Chief 

474 pages $6. J O  postpaid 
Volume V I I of TH E C H E M I CAL 
FORMU LARY includes thousands of 
the best and most practical formulas, 
compiled by authorities and experts in 
each field of industry. 

It is  an entirely new book, com plete in 
every detail. N ot one formula contained 
in the previous six volumes is repeated 
in this book. 

Volume  V I I  wi l l be of special assist· 
ance to returning war veterans wish· 
ing to start s ma l l  specialty busi
nesses. The formulas for cosmetics, 
pharmaceutica l s, polishes, cleaners, 
l u bricants, adhesives, inks, foods, 
and scores of other products are 
particularly suita b l e  for such ven
tures. 

CONTENTS: Adhesives; Flavors and Bever'
ages ; Cosmetic and Drug Products; Emul
sions; and Colloids: Farm and Garden Spe
cialties; Food products; Inks and Marking 
SUbstances; Skins - Leather and Fur ; Lubri
cants and Oils ; Materials of Construction; 
Metals and Alloys; Paint, Varnish, Lacquer, 
and other Coatings; Paper; Photography; 
Polishes; Pyrotechnics and Explosives; Plas
tics, Resins, Rubber, Wax ; Soaps and Clean
ers ; Textiles and Fibers; Trade Name Chemi
cals; Where to Buy Chemicals and Supplies. 

Order from Scientific American 
24 West 40th Street New York 1 8, N. Y. 

Owners 01 
"AMAT E U R  T E L ESCO P E  M A KI N G" 

who have been bitten deeply by the 
hobby hug of glass pushing will find 
a competent guide to advanced mirror 
technique, flat making, eyepiece work, 
telescope drives, aluminizing, observ
atories, and many other aspects . of 
the optical hobby in the companion 
volume. 

"AMATEUR TELESCOPE 
MAKING-ADVANCED" 
This is a wholly different book 

from "Amateur Telescope Making." 

650 pages 359 illustrations 

, 

Over 300,000 words 

$5.00 postpaid, domestic 

$5.35 foreign 

SCIENTIFIC AMERICAN 
24 West 40th St., New York 18, N.Y. 

Moving a heavy press die 

from the press the cable hooks are at
tached to the far side of the die and it 
it pulled forward from the press onto 
the platform. One man only, the driver 
if necessary, can change dies, once 
the die is unbolted from the press. 

This method of handling is finding 
extensive application in forging depart
ments doing a wide range of work, be
cause of the ease and safety of the op
eration. The Elwell-Parker truck con
serves manpower and avoids tying up 
expensive presses while changing dies 
manually. 

LOU P E  
Has Light a n d  Comfortable 
Frame of Plastics 

USEFUL in occupations involving eye
tiring close work, . a new Berger loupe 
has a light-weight plastics frame which 
is held securely and comfortably be
fore the eyes by an adjustable elastic 
headband. 

Also adjustable for different facial 
contours and widths between eyes, the 
loupe is well-ventilated and will fit any 
type of face. It can be worn over 
glasses comfortably, thus providing 
for both magnification and eye correc
tion. Precision-ground glass lenses . give 
a magnification of 2.5x. 

The American Optical Company's 
new loupe has innumerable applica
tions in different fields where magnifi
cation is desired, with free use of the 

Eye comtort tor close work 
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U!1Jlr[1� U D£� l? HORJE.IHOE 
4 OUNCE "'A L " I CO': MAGNET 

I� 

ALSO A N  8 O U N C E  H O R S E S H O E 
$ 1 .40 POSTPAID: 

BAR 
"'A L N I C O "' MAGIIET 

1 !2  p�IR. 

i s  4" x '12 " x lA," 
Has a hole bored at its center 

• 
Include Remittance with your orde..r 

Send stamp for descr;ptrre orcultlf' 

• 

HARRY ROSS 
MICROSCOPES 

SCIENTI FIC & LABORATORY APPARATUS 

68·70 West Broadwciy 

New York 7, N. Y. 

BUY VIl:TORY BONDS 

�. 1"''' ' 1 : ; ''''1 J .. / +3 / +2 / +1 / P�'N·· '_m 511 
0 1· -1 / . -2 1 -3 I -.. , -5 I 

The Morse Declmallzer 
.0432 x 74.1  x 3.8 ..;.. (245 x .0093 x 36 

= 1 3346+ 

What about the decimal point? Place it quic�ly 
and accurately with the Decimalizer. Pocket 
size, in leather case, $2.5 0 ;  with extra ( mul
tiplying and dividing) scale, $ 3 .  Money·ba.ck 
guarantee. 

GEORGE H. MORSE 
927 28th St. South Arlington, Va. 
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THE BINARY SLIDE RULE 
equals a 20 Inch 
Straight Slide Rule in 
precision. Has C, 01, 
A.  K. Log. LL1 .  LL2. 
LL3. LL4. Binary. Add 
and Subtract 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 Case and Instructions, $5.80. Circulars free. 
Your money back if you are not entirely satisfied. 

Gilson Slide Rule Co., Stuart, Fla. 

Slide Rule Makers since 1915.  

ATO M IC EN ERGY 
"A NEW FIELD THEORY" explains na.ture of 
Gravitation, Electricity and ATOMIC Energy. Ele
mentary $ 1 . 00 ,  or write J. P. Kayne, B-517 Shel
drake, 4518 Clarendon, Chicago 40, Ill. 

INVENTORS-
INDUSTRY NEEDS YOUR IDEAS NOW! 
Two Reasons: 1. Manufacturers are getting 
rea.dy NOW for postwar sales and production. 
2. Right now, manufacturers are seeking 
products their expanded facilities can handle; 
factories must have products to take up the 
slack after war orders stop. Your chance 
comes with patent protection now-delay ma:y 
endanger your chance. Get our NEW FREE 
Inventor's Book today and valuable "Inven
tion Record" form. This request does not 
obligate you. Act now. Write today. 

McMORROW & BERMAN 
Patent Attorneys 

1759 Atlantic Building Washington 4.  D. C. 

EQUATORIAL MOUNTINGS 
with or without electric drive for professional 
or amateur use. 

RAMSDEN EYEPIECES 
1,4 ", Y2 ", 1 " focal length, I V4 " dia. each $5.00 

C. C. YO UNG 
2 5  Richard Road Ea.t Hartford 8, Conn. 

FA L L  Free Fall 
Cutalog 

Just Off the Press 

Showi ng H u  n t i  n 9 
Footwear, Clothing, 
a n d  f o r t y - t h r e e 
other leather and 
canvas specia lties 
of our own ma n u 
facture f o r  campers 
and hunters. 

l .  l .  Bean, I nc. 
Freeport 286, Me. 

LANGUAGE 
IS POW'ER 

• • •  Forge ahead, win 
spec i a l a s s i g n m e n ts, 
promotion, better iob 
i n  g l o b a l  p e a c e  t i m e  
opportu n i t i e s  th rough 
ability to speak a for
eign language. 

MASTER A NEW LANGUAGE 
quiclcly, easily, correctly by 

L I N G U A P H O N E 
The world-famous Linguaphone Conversa
tional Meth'od brings voices of native teach .. 
ers I NTO YOUR OWN HOME. You learn the 
new language by LISTE N I NG. It's amaz
ingly simple; thousands have succeeded. 

HOME-STUDY COURSES IN 29 lANGUAGES 
Send for FREE book-

Ll NGUAPH O N E  INSTITUTE 
1 1 0  RCA 8Idg., New York 20 CJ.rcle 7� 

------- �----------- --- - -

l I N GUAPHONE I NSTITUTE. 
1 1 0  RCA ·B·l dg.� New Yark 20 N Y 
Send me the fREE Lingu�hone Book. 

Nome : • • • • • • • • . . • • . . • . • . . . . . . . • • • • • • •  

Addres s .  . . .  . . . . . . . . . . .  City . . . . . . . . • . •  

Language I nterested . . . . . . . . . .  .
' 

. . . • . . . . •  
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hands. For example, inspectors, die 
makers, draftsmen, dental and labora
tory technicians, doctors, stamp col
lectors, and artists represent a few of 
the many occupations and professions 
where the loupe will conserve eyesight 
and improve, efficiency. 

VERSATILE ALARM 
Will Serve as AI/
Around Time Control 

AN ELECTRIC alarm clock which will 
awaken the soundest sleeper to the 
strains of radio music, turn the radio 
on for selected programs throughout 
the day or night, and automatically 
switch the set off upon retiring, heads 
the list of post-war products developed 
by Warren Telechron Company. 

Besides automatically turning on the 
radio, the "Selector" can be used for 
starting a coffee percolator at a given 

Appliance t imer, 1 650-watt capacity 

time, switching household lights on and 
off, timing roasting ' operations, and de
frosting refrigerators. Due to its switch 
mechanism, which is rated up to 1650 
watts, it will time and control any 
household appliance or similar device 
that can be plugged into a conventional 
outlet. 

ANTI-FOG 
Preparation Keeps 
Glass Clear 

GOGGLE lenses, face shields, and weld
ing plates are kept clear by a prepara
tion which penetrates the ultramicro
scopic pores of glass. It deposits a thin 
film which helps prevent fogging, 
steaming, and frosting of all types of 
glass sU.rfaces. In addition, it removes 
grease and dirt from glass, and allows 
perfect visibility. 

The American Optical Company's 
preparation is easily applied by simply 
spreading it on both surfaces of glass, 
rubbing the surfaces thoroughly, and 
then polishing them with a soft cloth 
or paper. The anti-fog preparation is 
obtainable in one-ounce or one-pound 
jars. 

M I C R O  S W I T C H 
is a

' 
snap-acting, Bakelite housed Underwriters 

listed switch. No larger than a man's thumb, 
yet rated at 10 amps. 25 volts. A. C. Over 50 
types In stock from $1 .00 to $4.00. 

O pen or c losed cir·  Open or closed cir-
cuit.  each . . . . $1.10 cu it. each . . . •  $1.25 

S. P. D.T. . . . . . . .  $l.SO S.P. D.T. . . . . . . •  $1.45 

ALNICO Pocket Pieces 11/ 16" x 9/16" x �4" 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  pair $1 .00 

Horse Shoe Magnets %" x �2" x %:' pair $1.25 

1%'" x %" Watch size GEAR BOX 
150 to 1 Ratio . . . . . . . . . . . .  35¢ . . . .  3 for $1 .00 

SKINDERVlKEN Transmitter Button with 
16 page Experiments Booklet . . . . . . . . . . . . .  $ 1 . 00 

TELECHRON 110 volt A.C_ motors 1 revolu-
tion per minute . _ . . . . .  . . .  . . . .  $3,00 

One ampere Mercury Switch. 
long leads 35¢ . . . .  4 for $1 .00 

SlAN, 64L Dey Street, New York 7, N. Y. 

Experimental and Model Wor. 
Fine Instruments and Fine Machinery 

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

HENRY ZUHR, Inc., 1 87 lafayette St., N.Y. 13, N.Y. 

Complete HOME-STUlIl COURSES and self � instruc· tion textbooks, slightly used Rented, ch&n,;ed. -Al 
C!

�tects 
r u:,�s ��c:! 

Full d lOO- page iIIue trated bargain catalog Free 
WriteNelson Co., 321 S.Wabash Av., Dept. 2-31 .  Chleqo4. IM 

NOW Repair your own 
E L ECTRICAL A P P LI A N C E S  

with 
CHANITE SeIf.Welding ELECTRICAL 
HEATING ELEMENT flux Generous 
amount, instructions enclosed $ 1 .00 post .. 
paid. Guaranteed nothing like it. 

CHANITE SALES COMPANY 
914 South Moin Fort Worth 4, Texas 

MAKE YOUR OWN 
TELESCOPE 
at a cost of less 

than $25. 
working from inexpensive, 
prepared kits of glass, abra
sives, and pitch, and by fol
lowing the practical detailed 
instructions in 

"AMATEUR 
TELESCOPE MAIUla" 
This beginner's book, from which 
more than 25,000 telescopes have 
been made by amateurs, gives ele
mentary information on how to plan 
and build the mounting, how to 
grind, polish, and accurately shape 
the essential glass parts by hand. 
All necessary data are presented in 
easily understandable form. 

Ov�r 500 pages Profusely illustrated 
$4.00 postpaid, domestic 

$4.35 foreign 

SC I ENTI FIC AMERICA N  

24 West 40th Street, New York 1 8, N. Y. 
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�NCE came the knowledge that 
built the Pyramids? Where did 

Ie first builders in the Nile Valley acquire 
il.eir astounding wisdom that started man 
n his upward climb? Did their knowledge 
ome from a race now submerged beneath 
ile sea? From what concealed source came 
ile wisdom that produced such characters 
s Amenhotep IV, Leonardo da Vinci, Isaac 
-lewton, and a host of others? 

Today it is known that they discovered 
nd used certain Secret Methods for the 
levelopment of their inner power of mind. 
rhey truly learned to master life. This 
ecret art of living has been preserved and 
Landed down throughout the ages and to
lay is extended to those who dare use its 
,rofound principles to meet and solve the 
,roblems of life in these complex times. 

This Sealed Book - FREE 
The Rosicrucians (not a religious organi

:ation) have prepared an unusual book, 
"hich will be sent free to sincere inquirers, 
n which the method of receiving these 
)rinciples and natural laws is explained. 

Write today for your copy of this 
sealed book. Possibly it will be the 
first step whereby you can accom
plish many of your secret ambitions 

I I 

and the building o f  personal 
achievements. Address your in
quiry to: Scribe K.O.Z. 

The ROSICRUCIANS 
( A M O R e )  
San Jose, California 

, 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 have RIGHTS to sell when Manufacturers 
convert to Civilian Production. Write for 
information TO-DAY. 

RANDOLPH & BEAVERS 
25 Columbian Bldg ., Washington, D. C. 

BUY VICTORY BONDS 

NOW A COMPLETE SERVICE FOR,
AMATEUR ASTRONOMERS 

TELESCOPE MAKERS 
Teles1:OPes K i ts B lanks 
Mounts Tripods Abrasives 
Castings Eye P i eces Testing 
Tubes M irrors Figuring 
Drives Achroma!s Panchronizing 

MIRRORS MADE TO ORDER 

*** Quality OUR MOTTO *** 
PROFESSIONAL SERVICE A V AILABLB 

Write for Catalogue 

AST RO T E LESCO P E  COM P A N Y  
, P. O .  Box 1 36S-Glendale 5 ,  Calif. 

George Carroll-724 E. Elk, Glendale 5. 
-SERV I N G  THE WESTERN STATE5-

I I 

C u rr e n t  B u l l e t i n  
B r i e f s  

Conducted by K. M. CANAVAN 

(The Editor will appreciate it 
if you will mention Scientific 
American when writing for any 
of the publications listed below.) 

THE INCENTIVE WAGE is a 24-page book-
let based on a survey of incentiv€ 

wage plans now in use. A three-page 
introductory summary of the survey · 
is followed by direct quotations of those 
answering survey questionnaires. In 
conclusion the principles of wage in
centives, set forth by the National As
sociation of Manufacturers. are listed. 
The Douglas T. Sterling Company, Re
search Division, Stamford, Connecticut. 
-Gratis. 

FEDERAL PRESENTS FM BROADCAST TRANS-
MITTERS WITH ANTENNAS is a four

page brochure announcing a new line 
of FM transmitters design€d for the 
new 88 to 106 megacycle band. Techni
cal data, answering questions 18 and 
19 of Federal Communications Commis
sion Form Number 319, are supplied. 
Federal Telephone and Radio Corpora
tion, Radio Equipment Division, 200 Mt. 
Pleasant Avenue, Newark 1, New Jer
sey.-Gratis. 

INTRODUCTION TO ELECTRONICS is a 20-
page educational booklet written to 

provide an understanding of the prin
ciples of electronics and an idea of 
the part electronics will play in future 
industrial developments. Request Book
let E-6358. Allis-Chalmers Manufactur
ing Company 568, Milwaukee 1, Wis
consin.-Gratis. 

PHYSICAL AND CHEMICAL PROPERTIES OF 
PENNSYLVANIA ANTHRACITE is a 26-

page booklet presenting a technical 
digest of a number of research studies 
and standards for the better understand
ing of the value of this product for fuel 
and non-fuel uses. The Anthracite In
dustries, Inc., 101 Park Avenue, New 
York 1 7, New York.-Gratis. 

BULLETIN NUMBER CB-45 is an eight-
page bulletin covering a complete 

line of thread milling cutters that are 
heat treat€d and finish-machined ready 
for thread grinding to customers' speci
fications. There are 52 shell type and 
32 shank type standard cutters listed 
in various sizes and with any thread 
fonn. Detroit Tap and Tool Company, 
8432 Butler Avenue, Detroit 11 ,  Michi
gan.-Gratis. 

BOOKS, PUBLICATIONS, AND PATENTS OF 
BATTELLE MEMORIAL INSTITUTE, 1929-

1944, is a 72-page catalog which lists 
the institute's published contributions 
to education, science, and industry. 
More than 800 contributions in the fol
lowing fields are listed: organic chem
istry, electrochemistry, chemical engi
neering, graphic arts, welding tech
nology, applied mechanics, mineral 
dressing, industrial physics, ceramics, 
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P E A C E  
AND 

R E C O NVE R S I O N 
These have brought in· 

creased activity to the 

optical field. Long held 

up civilian orders for 

opties 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. 
Established 1882 

PLA I N F I E L D  N E W  JERSEY 

5. ,(II' fREE UTERATUIE H m�INTS ' 
AND TRADE MARKS 

C.A.'NO.' eo., . 
Rel.PillnllAlU)""" S_,JI71� 

430 Snl. BI'e- Wallin ... I. Do .. 

1tcfu'RV WOtllt SHOP' {Or fiI �N" V "" I�_. 

• • •  For Pleasure and Profit ! 
If you have a workshup--at home 

� ir�e�Ui\��;;pra��r ��e
t
d 

tl��I:trr;,i� 
of an electrified brush, you can 
electroplate models and projprts 
you can replate worn art icles. fau .. 
cets, tools, fixtures, sHverwnrf'. etc 
with a durable, sparkling coat of 
metal . .  � Gold. Silvf'r. Chromium. 
Nickel. Copper or Cadmium. Method 
Is easy. simpl .... Quick Everything 
furnished - equipment rompl f'te. 
ready for useo. By doing a bit of work 
for olhers, your machine can pall for 
llself within a UJeek. So make your 
shop complete by getting a Warnf'r 
ElectropJater right away Send to
day lor FREE SAM PLE and illus
trated literature. ACT AT ONCE I 
WARNER ELECTRIC ce . . DEPT. 0·82 
663 N. Wells St., Chicago 10, 111. 

I 663 N . Wells St., Chicago 10, Dept. 0·82 I I Gentlemen : Send Free Sample and Details to : 

U;:·�·:i:;,·�··���i.:��:d��:i:i:i.J 
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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 suc
cessful experience in training men for 
leadership in business and industry. 

It demo nstrates the method which 
the Alexander Hamilton Institute 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 schedules. 

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 Machines Corp., and Frederick 
W. Pickard, Vice President and Direc· 
tor, E. I.  du Pont de Nemours & Co. 

Send for 
"FORGING AHEAD IN BUSINESS" TODAYI 
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
tendec! for you, don't hesitate to send 
for a copy today. Simply fill in and 
mail the coupon below. 

Alexander Hamilton Institute 

A L EXA N D E R  
H A M I L T O N  
I N S T I T U T E  

Dept. 3 5, 7 1  West 2 3rd Street, New York 1 0, N. Y. 

In Canada, 54 Wellington Street, West, Toronto 1 ,  Onto 

Please mail me, without cost, a copy of the 64·page 
book-"FORGING AHEAD IN BUSINESS." 

Name . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 

Firm Name . . . . . . . . . . . . . . . .  _ . _  . . . . . . .  _ . . . . . .  0 _  • • • • • •  

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

Position . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 

Home Address . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 

fuels, and metallurgy. Battelle Memo

riat Institute CoLumbus 1,� Ohio.

Gratis. Request this catalog on your 

university or company tetterhead. 

SELECTED REFERENCES ON INDUSTRIAL 
USES OF CERIUM WITH ALUMINUM 

AND MAGNESIUM are two lists - of refer
ences to the uses of cerium as an alloy
ing agent in conjunction with alumi
num and magnesium. Included are: 
Annotated bibliographies ; summaries 
of important articles ; sources ; and 
patent listings. Cerium Metals Corpo
ration, 522 Fifth Avenue, New York 18, 
New Y ork.-Gratis. 

SHIPS OF THE MERCHANT MARINE is a 
30-page 'booklet presenting pictures, 

data, and silhouette models of the 
principal types of vessels of the United 
States' merchant fleet. An introduction 
by Admiml Chester W. Nimitz is fol
lowed by definitions of various terms 
used in giving factual data of ships, arid 
a section describing how merchant ves
sels are named. Tide Water Associated 
Oil Company, Publicity Department, 79 
New Montgomery Street, San -Fran
cisco, California.-Gratis. 

DEMING PUMPS EVERYWHERE is a 32-
page booklet compiled to acquaint 

the reader with the history of the com
pany, giving typical views of the plant, 
a list of owners of Deming pumps, and 
illustrations and descriptions of how 
these pumps and water systems can be 
used. The Deming Company, Salem, 
Ohio.-Gratis. 

ELECTRICAL CONTACT AND DATA BOOK 
is a 36-page catalog describing many 

types of contact materials with appli
cations of each type, factors in the 
choice of materials, methods of attach
ing contacts, and other pertinent data. 
Request Contact Catalog Number 12. 
Stackpote Carbon Company, St. Marys, 
Pennsylvania.-:-Gratis. 

SHIPMATE RESTAURANT AND HOTEL 
RANGES is a 16-page catalog describ

ing and illustrating 16 different ranges 
for coal, wood, oil, or stoker-fired op
eration. Complete technical information 
on each model is included. Request 
Catalog Number 45. The Stamford 
Foundry Company, Stamford, Connecti
cut.-Gratis. 

DILLON DYNAMOMETER MANUAL is a 20-
page booklet telling the story of the 

traction type dynamometer and its in
creasing number of uses for testing and 
weighing procedures in various in
dustries. W. C. Dillon and Company, 
5410 West Harrison Street, Chicago 44, 
Illinois.':":"Graiis. 

THE BIOLOGICAL, HYGIENIC, AND MEDICAL 
PROPERTIES OF ZINC AND ZINC COM

POUNDS . is a 44-page bulletin on zinc 
and its relation to health. Compiled by 
the United States Public Health Ser
vice for scientific, industrial, and medi
cal reference libraries, as well as other 
interested persons, it is aimed to cor
rect much misinformation on the sub
ject. American Zinc Institute, Inc., De
partment A, 60 East 42nd Street, New 
York 1 7, New York'"7Gratis. 
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O u r  Boo k Corn e r  
T H E  BOOK DEPARTMENT of Scientific America n is conducted, with the co

operation of the Ed itors, to make avai lable for you a comprehe nsive book 
service. Each month the Editors select and review in  these co l u m ns new books 

in  a wide range of scientific and tech nical fields. In addition, they are ready 
at all times to a dvise you regard ing the best avai lable  books o n  any su bject. 
You are invited to use this service freely. Tell our Book Department what 
kind of books you want, a nd you wi l l  be furnished with the n ames of avai lable  
books, inc luding p rices. When inqu iring about books, please be specific; 
remember that we can be of the g reatest he lp  o n ly when you tel l  us  just what 
you are looking for. Books l isted In these col u m n s  may be ordered from our 
Book Department. Add 25 cents  per book for mai l ing outside U .  S.  A l l  re
mitta nces are to be made in U . S.  funds.  Prices g iven a re su bject to change 
without notice. 

TO MAKE C E RTA I N  that books' ordered by or for men in  the Army, located in 
the U n ited States, or  men in the Navy, Marines, or  Coast G u a rd, located a ny
where, wil l  be del ivered, insurance fees shou l d  be sent with orders, as fol lows: 
To $5 in va l u e, 3 ¢  a d d itional;  from $5 to $25, 1 0¢; fro m $25 to $50, 1 5¢ .  

CATALYTI C  CHEM ISTRY 

By Henry William Lohse 

BRIEF, factual consideration of the 
underlying principles of catalytic 

phenomenon and the application of 
catalytic reactions in industrial process
ing is the aim of this compact volume 
designed to aid the industrial chemist 
in pursuing his work. Numerous refer
ences are given to more extensive 
sources of information on specialized 
phases of the work. (471 pages, 6 by 
9 inches, 30 illustrations.) -$8.60 post
paid.-A.P.P. 

U N IVERSAL M I LITARY 
TRAI N I N G  

B y  Col. Edward A .  Fitzpatrick 

AN INTELLIGENT discussion of all angles 
of a question intimately affecting 

almost every American family-peace
time military training for all youths. 
The author explains the delicate inter
national situation today and its in
fluence on our future military and 
naval policy, together with the effect of 
compulsory military training on the 
civilian. (374 pages, 5% by 8 inches, un
illustrated.) -$3.10 postpaid.-W.D .A. 

E N G I N E E R I N G  P REVI EW, 
H O M E  STU DY EDITION 

By Seven Technical Writers 

SENIORS in high school or freshmen 
in college will find this introduction 

to the whole broad field of engineering 
to be a great help in determining their 
future careers ; moreover, those who 
have been away from academic halls 
for several years will find the contents 
equally informative and stimulating. 
A review of mathematics is included for 
those who may have become rusty. 
The avowed purpose of this volume is 
to open the field of engineering study 
in its entirety, and then break it down 
inM specific subjects, each treated by 
an expert in the field. Chemistry, 
physics, and mathematics-tools ·of all 

engineers-are treated compactly yet 
completely. Not only ' is the material 
presented for study, but the reader is 
shown how to study it. A comprehen
sive examination section is included, 
with an answer key, so that the reader 
may examine and grade himself. (619 
pages, 6 by 9 inches, over 400 illustra
tions plus logarithmic and trigonometric 
tables.) -$6.10 postpaid.-A.P.P. 

T H E  AUTOBIOGRAPHY 
OF SCIENCE 

Edited by Moulton and Schifferes 

MANY times in scientific books you 
have read about the famous world

changing key writings of the great 
scientists but it is hard to get actually 
at many of these same passages ; instead 
you get somebody else's rehash. This 
book is an anthology of careful selec
tions from such key passages from' 

the 
master works of all the sciences of all 
times. Its editors have hunted them up 
and brought them together in one vol
ume which you can pick up at any 
time, wherever you are, open anywhere, 
and dip into some such classic. For ex
ample, Roentgen discovered' the X 
rays ; wouldn't you like to read the 
actual paper in which he first so lucid
ly announced them to a local scientific 
body? Here, too, is Mendel's famous 
lost paper on his experiments in hy
bridization. (666 pages, 5% by 7% 
inches, unilIustrated.) -$4.10 postpaid. 
-A.G.I. 

YOU R  PERSONAL PLANE 

By John Paul Andrews 

M ANY aspects of private flying-the 
planes themselves, safety, initial 

costs and costs of operation, landing 
fields, airparks, air routes and the way 
to go home, the problem of munici
paliti�s in establishing air facilities, and 
vacations by air-are · covered in this 
timely book. A chapter entitled "Per
sonal Planes for Personal Gain" dis
cusses .gainful activities in private fly
ing for a man of small capital seeking 
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SAVE 
UP 

ON TECHNICAL BOOKS 

Quantities Limited 
Order Now 

Original 
Title Author Price NQW 

Scattering of Light and the Raman Effect 
Bhagavantam . . . . 114.75 112,5 0  

Hair Dyes Be Hair Dyeing 
Redgrove . . . . . . . 5 .00 2,5 0  

White Shoe Dressings and Cleatlers 
w. D. John . . . . .  1 .75 1.00 

Chromosomes 
White . . . . . . . . . 1 .5 0  1 •. 00 

Chemical Species 
Timmermans . . . .  4.00 2.00 

Private Generating Plant ' 
Proton . . . . . . . . .  2.50 1,75 

Substitutes 

Tin Solders 

H. Bennett . . . . .  4.00 2,50 

Nightingale & 
Hudson . . . . . . . .  2.75 1 ,.5 0  

Milling Practice ' . . 
Molloy . . . . . . . . .  2.00 1 ,00 

Manual of Endocrine Therapy 
Cinberg . . . . . . . . }.25 2 .00 

Windows Be Window Glazing 
Molloy . . . . . . . .  2 .50 1 .,0 

Tropical Fruits 
Sukh Oval 2.75 1 ,75 

Welding Be Metal Cutting 
Molloy . . . . . . . .  2.50 1 .. 75 

Firepumps Be Hydraulics 
Potts & Harris. . .  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 •. 5 0  

Reinforced Concrete Construction 
Cantell . . . 3 .00 1 ,50 

Elementary Mathematics for Engineers 
Fleming . . . . . . . . 2.5 0 1 ..50 

Methods Be Analysis of Coal Be Coke 
1 .50  1 ..00 

Aviation Instrument Manual 

Wiring Circuits 
Stuart . . . . . . . . .  2 .5 0 1 .50 

Modern Oil Engine Practice 
E. Molloy . . .  . . .  5 .00 3.00 

Aircrew's Book of Practical Mathematics 
Robinson and 
Allan . . . . . . . . . . 1 . 5 0  1 • .0 0  

Automatics in Engineering Production 
Molloy . . . . . . . . 2.50 1.25 

Rubber and Its Use 
Fisher . . . . . : .  . . .  2.25 1 . 5 0  

Drug Be Specialty Formulas 
Belanger . . . . . . .  6.00 3 ,00 

Plastic Molding 
Dearie . . . . . . . . . 4.00 2.JlO 

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 10 cent;s domestic postage 
for each book. For foreign postage add 35 cents 

for each book. ) 

( All prices subject to change without notice . )  
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A C H R O M A T I C  W I D E-A N G L E 
F O U R  E L E M E N T  

TELES C O P E  O B J E C T IV E  

5 "  F.L 

Outside Diameter 1 -9/ 1 6  front, 54.00 and 1 -5/ 1 6  back. 
Consists of 
1) Achromatic plano-convex le.ns 

'/4" Diameter, 3lJ4 F.L • .  Out
side surface fluoride coated . 

2) Achromatic negative lens in 
Aluminum mount; 1 -1 / 1 6" 
Diameter; -12" F. L .  Outside 
surfaces f1uaride coated. 

3) Metal Mounting (aluminum-
magnesium al loy) .  

Offers innumerable uses : Excellent wide� 
angle telephoto lens ; superb enlarger and 
slide projector lens;  coverS 2 V2 " x 2 Y2 " 
plate ; wide-angle telescop� objective (or 
small finders ; for Schmidt cameras ; col� 
limater, and macro-photo tens. Many 
other uses will suggest themselves. Works 
well with our focusing e.yepiece. A gem 
of beautiful optical workmanship. 

• 

O P T I C A L  R I N G  S I G H T  

54.00 
A unique adapta
tion of polarized 
light. Used as a 
t e, l e s c o p e  a n d  
camera finder or 
shot-gun sight, as 
well as for target 
sighting, centering 
and leveling. In
cludes a mono
chromatic deep .r�ed 
filter; finely pol

ished, plane parallel ; metal mounted ; 
1 �5 / 16" diameter. With mounting screws. 

• 

PRISM-LIGHT FLINT GLASS 

Fluorid.e coated, in mounting of  aluminume 
magnesium alloy, with ball bearing sw�vel. 
Meets most exacting requirements. 1-5 / 19" 
by v.. " face. Suitable as  diagonal for 
reflectors up to 8",  also· as star diagonal 
on refractors. These prisms can be used 
to make Porro's system No. 2 erectOr. 
PORRO·ABBE-DIHEDRAL PRISM 5 / 1 6" 
square face, each 15¢.  

To those. who have purchased our focusing 
eyepiece we. can supply an in"eTter, which 
threads into their o{'ular, outside diameter 
1 Y4 u, Price $7.00. This converts astronoj.l1-
ical to a terrestrial telescope. 

See our previous ads for other optical 
bargains. 

• 
Include Postage Remit with order. 

Catalog of Lenses, Prisms, etc., 1 0¢ 

H A R R Y  R O S S  
Microscopes 

S�ientific and Laboratory Apparatus 
70 WEST BROADWAY, N. Y. 7, N. Y. 
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a business of his own. A directory of 
small airports is included. A compre
hensive, conscientious book dealing 
fairly well with a subject of vital in
terest, but poorly illustrated, written 
somewhat at second hand, and con
taining a number of misconceptions. 
(230 pages, 5% by 7% inches, illus
trllted.) -$2.60 postpaid.-A.K. 

I N DU STRIAL PLASTICS 
By Herbert R. Simonds 

REVISED and enlarged, this :third edi. 
tion of a standard text mcludes a 

list of important industrial plastics, the 
latest war-time developments and proc
esses, and a section on the chemistry 
of plastics. This is at once a source 
book on plastics in general and a specific 
text on practices and procedures. (396 
pages, 6 by 9 inches, well illustrated 
with photographs and drawings; several 
tabulations.) -$5.10 postpaid.-A.P.P. 

FIBER TO FABRIC 
By M. D. Potter 

A
N INTERESTING textbook on textiles, 

both natural, and man-made, which 
everyone connected with the textile or 
related industries should study, as well 
as every woman responsible for buy
ing family wearing apparel, household 
linen, rugs, carpets, and so on. It con
tains valuable information which might 
be of considerable economic worth in 
the course of a year. The chapters 
"Testing Fabrics for Identification" and 
"Care of Fabrics" alone are well worth 
the price of the book. (314 pages, 534 
by 8% inches, amply illustrated with 
photographs and drawings.) -$2.10 
postpaid.-W D.A. 

REFRIGERATION AND AI R 
CONDITIONING ENGINEERING 

By B .  F.  Raber and 
F. W. Hutchinson 

PRACTICING engineers and engineering 
students will find this thorough 

treatment of refrigeration and air 
conditioning fundamentals and pro
cedures to be invaluable as a reference 
text. There is no descriptive material 
on specific equipment nor are per
formance data presented; emphasis is 
entirely on the science of the subject. 
Chapters cover: Thermodynamic Prin
ciples, Fundamental Cycles, Analysis of 
Cycles, Heat Transfer, Heat Flow, Psy
chrometric Principles and Processes, 
Ventilation Systems, and so on. (291 
pages, 6 by 9 inches, thoroughly illus
trated with drawings. ) -$4.10 postpaid. 
-A.P.P. 

MACH I N E  TOOL G U I D E  

B y  Tom C. Plumridge, Roy W. Boyd, 
Jr., and James McKinney, Jr. 

TooL and mechanical engineers, mill
wrights, and tool equipment sales

men will find much of interest and 
value in this convenient compilation 
of data on all types of machine tools. 
True, the assembled information has 
previously been available in service 

manuals or catalogues but has never 
before been assembled in organized 
form. The text is entirely composed of 
photographs, drawings, data sheets, and 
specifications covering all of the prin
ciple forms of machine tools in use by 
industry. Some of the machine tools 
covered are automatics; boring, broach
ing, and drilling machines; gear cutters; 
grinders ; lathes ; millers ; presses; tap
ping machines ; and specialties. (630 
pages, 9 by 11 inches, loose-leaf bind
ing.) -$7.70 postpaid.-A.P.P. 

CALCI U M-METALLU RGY 
AN D TECHNOLOGY 

By C. L Mantell and Charles Hardy 

C
ALCIUM is an important metal quite 

aside from the abundance and im
mense usefulness of its chemical com
pounds. Even traces of calcium impart 
useful properties to alloys or modify 
existing properties in important ways. 
Particularly in the present period of 
avid demand for metals, both old and 
new, the ' family of calcium alloys is 
proving highly valuable. The present 
authors review in some detail the 
preparation and properties of metallic 
calcium and the alloys containing it. 
No less than 11 families of alloys are 
described in addition to the many uses 
in various metallurgical and chemical 
operations. (148 pages. )  -$3.60 post
paid.-D.H.K. 

APPLIED MATH EMATICS 
FOR RAD I O  AN D 
COM M U N ICATION ENGIN EERS 

By Carl E. Smith 

RANGING from arithmetic through cal
culus, a clear and simple presenta

tion is given of the principles of mathe
matics used in radio and communica
tion engineering. The text is designed 
for self-study and each theory is de
veloped from basic fundamentals ;  the 
application of each theory to useful de
sign equations is then traced carefully. 
Practical examples show how the prin
ciples are applied in practice. The text 
is carried far enough to cover fre
quency modulation, television, and 
radar. (336 pages, 6 by 8% inches, 
numerous drawings and complete ap
pendix of useful tabulations and for
mulas.)  -$3.60 postpaid.-A.P.P. 

HAY FEVER PLANTS 

By Roger P. Wodehouse 

HERETOFORE, clinical studies of hay 
fever, an industrial man-power 

scourge as well as an individual handi
cap, have received the major portion 
of research. In this book, however, the 
botanical aspects of hay fever are ex
haustively treated, covering all plants 
in the United States known to cause 
hay fever, most of those suspected of 
doing so, and many which possibly do 
not. While not written for "popular" 
appeal, the intelligent hay-fever suf
ferer will acquire much valuable in
formation from this volume, as will also 
the researcher. (245 pages, 7 by 10% 
inches, illustrations and index.) -$4.85 
postpaid.-W.D.A. 
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Te l e sco p t i c s 
A Monthly Depa rtment for the Amateur Telescope Maker 

Conducted by ALBERT G. INGALLS 
Editor of the Scientific American book. "Amateur Telescope Maki ng" 

and " Amateur Telescope Making-Advanced" 

THE following is the concluding part of 
the article on mirror making on the 

hand-lever spindle machine, which was 
begun last month by Patrick A. Driscoll 
of the Eastman Kodak Company Hawk
Eye Works. 

C
LEAN up all traces of 180 emery 

around the machine, make up a 
j ar (one pint) of 500 emery, and use a 
new brush. Mike the glass and write 
this figure down. We must grind with 
500 emery until we have removed at 
least 0 .008" and until the surface once 
more exactly fits the gage. 

Before proceeding with the 1200 
emery, the mirror must be re-miked on 
its location mark and the reading noted 
down. To wipe out all No. 500 pits we 
must remove at least 0.004". 

Assuming that the surface is once 
more a gage fit we now can look for
ward to polishing, with the asstirance 
that we have a perfect fine-ground sur
face, free from pits or scratches. A 
spindle speed of 200 r.p.m. was recom
mended for grinding. For polishing, we 
must reduce this to about 36 r.p.m. 
Any speed within those respective 
ranges will, of course, prove quite sat
isfactory. In Figure 1 (in last month's 
installment) the pulley or gear trains 
have been left to the builder's discre
tion, in the belief that many will have 
their own gear boxes and pulleys and 
individual initiative for devising ways 
to change spindle speed. 

For polishing, Hindle's machine 
("A.T.M.," page 234) will give a close 
approximation to the action of the 
machine in Figure 1 and will be quite 
satisfactory if the worker prefers it. 
In either case, the spindle should have 
a speed of about 36 r.p.m. All belting, 
Hindle or Driscoll, should be double V
belt. The speed reduction from the 
motor can be accomplished by belting 
or, in the probable event of financial 
affluence, by a gear reduction unit. 
Try the gear shift unit from the family 
flivver. 

Elaboration or addition of automatic 
stroke is left to the individua1's discre
tion. 

To shape the cold polisher to curve 
we place it and the mirror in a large 
pan of water and slowly heat them until 
the pitch is fairly soft to the touch and 
the glass is fairly warm to handle. 
Next, place the hot, wet polisher on 
the machine, apply thick rouge, start 
the spindle rotating and form the polish
er to curve, using the mirror as a form
ing instrument. 

If the polisher and glass cool down 
too soon, dunk them back into the pan 

' of water for a while and proceed as 
before. The pan of water will stay good 
and warm if you make it big enough. 

Do not use soap and water as a 
lubricant. 

The rouge will color the polisher as 
it conforms to the glass, and any black 
areas may be assumed not to be in 
contact. But when the lap is a dull red 
all over it is formed to curve and 
contact. 

To cut the polisher we place it, cold, 
on the machine and, with the spindle 
rotating, hold the corner of a single
edged razor blade against it and scrape, 
not cut, grooves into it, spaced about 
%" apart and 1 / 16"  deep. They need 
not be wide nor deep. I have found 
nothing better than the single-edged 
razor blade for cutting the polisher, not 
because of its cutting edge but for its 
sharp corner when used as a scraping 
device. 

During the forming of the polisher 
and in all polishing it is most important 
that the grooves in the polisher or lap 
be kept open. They do not have to 
be deep or wide. 

On a concave surface a polisher hav
ing the same diameter as the work will 
have a tendency continually to shorten 
the radius of curvature; that is, it will 
"drive the center low," polishing the 
center more than the edge. Therefore 
a hyperbola develops, even with a ra
tional stroke. In trying, then, to length
en the radius and get out of his hyper
bola, the worker resorts to a very short 
stroke; and thus, by polishing the edge 
much more than the center, he length
ens its radius and winds up with two 
foci, a short center and a longer 
(turned) edge. The turned edge is 

caused by trying to correct the tenden
cy of the shortening effect on the radius. 

Thus, three fourths of the polishing 
time is lost in trying to keep the focal 
length up to standard and, in so doing, 
three fourths of the abrasive effect of 
the polisher is put on the edge of 
the mirror. This is one of the causes 
of that great bugaboo, turned edge. 

By inverting polisher and mirror the 
worker can reverse the action of his 
equal diameter polisher but, while the 
polisher when on the bottom unduly 
hits the center because it is too small, 
so does the polisher when on top un
duly hit the edge because it is too 
big-and in both cases much too hard. 
Thus we have the dilemma: either the 
turned edge or hyperbola. Of course, 
by juggling the polisher and glass, and 
by using all sorts of strokes, a spherical 
surface is final>ly attained-if our judg
ment, timing, and patience are working 
overtime . .  

A convex surface with equi-diameter 
polisher on top will be hardest hit on 
the edge (and once again a shortened 
radius) . The equi-diameter method 
holds the worker to a short stroke, less 
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abrasive or polishing action, and a 
greatly increased polishing time. 

Proceeding once more on the assump
tion of a concave surface to .be polished, 
we place the six-fifths diameter polisher 
on the spindle, lay the mirror face down 
on it, adjust the stroke neither long nor 
short but medium, and give the work a 
IS-minute polishing spell. 

The rouge should be of a creamy con
sistency. Keep it in a jar and apply 
it with a soft %" brush. 

The center of the mirror should cross 
center of polisher at every stroke. 

For a 6" mirror .a pressure of about 
eight pounds will suffice. A fair rule 
for weight on the drive-pin of the 
stroke arm (which has a slip fit so that 
the weight of the worker's arm, itself, 
is not transmitted to the work) is 1% 
pounds per inch of diameter. 

Remove the work and measure the 
radius by the Foucault test. Use a ¥4" 
pinhole covered with window screen
ing, and substitute a piece of fine
ground glass for the. knife-edge, the 
two mounted so as to move as a unit 
together. When the image of the 
squares of screening is sharpest on the 
ground glass (scan with a 1" f. 1. mag
nifier) we have ascertained the radius 
of curvature, and half this distance is 
the f. 1. of the surface within 1 mm. 

If the radius is too long, the center 
of the mirror must be polished more 
than the edge. Therefore, increase the 
length of the stroke. If the radius is 
too short the stroke must be shortened 
to polish the edge more than the center. 

By testing often, the action and 
effects of the machine will become more 
and more familiar as we proceed. 

Thus far the radius of curvature has 
been referred to as too long or too 
short. In optics a concave surface is 
often referred to as "high" (long 
radius) or "low" (short radius) , and 
hereafter we shall use these terms. 

If the low surface is fitted to the 
gage it will show space under the 
center, because the curve is too deep. 
The high surface will show space under 
the edges because the curve is too flat. 

Let the polishing spells be about 15 
minutes in length. When approaching 
the desired radius of curvature, shorten 
these spells and test often. 

Ring grooving of the polisher affords 
an additional correction to obstinate 
zones. An example: The curve is too 
low (deep) and short strokes do not 
seem to change the radius during a few 
polishing spells. Therefore, from the 
center to half way out on the polisher 
we scrape additional grooves between 
each present groove. Conversely, if the 
surface is high we scrape more grooves 
on the polisher's outer area. 

A warning: Do not make these cor
rective grooves too deep. Be easy with 
pressure on the razor blade scraper. 
The grooves are to correct a temporary 
fault only, and when this has been ac
complished we do not want them to 
continue their effect. Regroove them 
lightly and often but only as long as 
they are needed. If, however, they 
should remain after the surface is cor
rected, scrape balancing grooves on 
the remainder of the polisher, to nullify 
their effect and from now on let these 
intermediate grooves close up but do 
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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 .50)  
8" Kit . . . . . .  6.50 ( Pyrex, 8.00) 

10" Kit . . . . . .  10.00 ( Pyrex, 15.00)  
12 "  Kit . . . . . .  1 5 .00 ( Pyrex, 25 .00 ) 

PRISMS H 4 " $3.75, l Yz" $4.50 

A L U M I N I Z I N G  
A harder and brighter aluminum casting that is 
uttiform and produces a lasting and superior re
ile.cting surface. Guaranteed not to peel or blister. 

6" . . . . . . . . . . . . . . . . . . . . . . .  $2.50 
8" . . . . . . . . . . . . . . . . . . . . . . .  $3.50 

1 0" . . • . . . . . . . . . . . . . . . . . . . .  $5.00 
Mirrors for Cameras, Range Finders 

and other optical instruments. 
Write for FREE ILLUSTRATED CATALOGljE 

THE PRECIS ION OPTICAL CO. 
1001 East 1 63rd Street 

New York 59, N. Y. 

ALU M I N IZED 
SURFACE HARDENED COATINGS 

Get the BEST. No change in prices. 
PRECISION PLUS 

ALUMINIZED DIAGONALS, Rectangular 
pitch polished flats, suitable for- 4" short focus 
and 6" and 8" long focus scopes. 1 O/S "  x 1 'l's ".  

Price, tIat t o  Y2 wavelength $ 2 . 5 0  ea. flat 
to Y4 wavelength $3.50 ea., flat to 1 / 10 wave· 
length $5.00 ea. 

L E R O Y  M. E. CLAUSI NG 
5507-5509 Lincoln Ave. Chicago 25, I I I .  

REFLECTI NG TELESCOPE KITS 
OUR SPECIALTY 

���e���LA�ur:l
R
p�sh�:

R
�n�

R
�ar�"o1rzeJ.° ��r;.; 

workmanship guaranteed. Prices on request. 
WE DO POLISHING, PARABOLIZING, AND 

ALUMINIZING 
Send for FREE ILLUSTRATED CATALOGUE 

M. CHALFIN 
G.P.O. Box 207, New York, N. Y. 

TELESCOPE--------� 

I 
Quality materials of th��H��n�S 

f�str;��e;;:ts 
Gl."":,.S: . ��.r."":'.I���: . ��

t
.".�, . .  

r
.
o
.�:

e $�� 
LENS GRINDERS, pitch. abrasives . . . . $5.00 
H O B BYG'RAFS-I N FO R,M An O N �I N SP EC n O N  
We offer you the benefit of our 26 years of 
experience at this hobby. Free price list. John M. P i .re.,  11 H arvard St., Spri n gfield,  Vt. 

GZA QfE!i 
c:::7 ��SCOp , 

A Popular Illustrated 
Astronomical Monthly 

For amateur astronomers - new star 
charts, Gleanings for telescope makers, 
page for observers, and celestial photos. 
Star charts for N. and S. Hemispheres. 
$2.50 a year, domestic ; $3.00 in Canada 
and Pan-American Union ; $3.50 forei�n. 
Single copy, 2 5  cents. Sample on request. 

SKY PUBLISHING CORPORATIO N  
Harvard Observatory, Cambridge 3 8 ,  M",ss. 

not fail to keep the regular grooves 
open at all times. Never' let them close. 

A corrective method,. alternative to 
local grooving, is to scrape the center 
or edge with the razor blade held square 
on. Scrape ever so lightly, my friend, 
ever so lightly. Even with this warning 
some probably will scrape too much 
and get into trouble. 

If a slight stain appears on the mirror, 
a IS-minute spell using plain water 
and no rouge will usually remove it. 
If not, add about 1Jz teaspoonful of 
vinegar to 1/2 pint of rouge. 

It is not necessary to remove the 
work every time the tool needs re
charging. In applying emery or rouge 
use a brush and apply while the machine 
is running. 

Since all the foregoing has treated 
the concave surface for the benefit of 
the mirror maker, we must now make 
amends to the refractor builder and not 
leave him high and dry. Let us bring 
him down to our lowly level and carry 
this discussion into the field of convex 
surfaces. 

Our rule calls for the convex surface 
to be ground and polished face up, tool 
on top. The grinder will be 4/5, and 
the polisher 5 / 6, the diameter of the 
lens. 

In reversing the position of the lens 
from the top to the bottom we also re
verse the action of the stroke for cor
recting high or low test findings. The 
high concave would require a long 
stroke. The high convex would require 
a short stroke. The low concave would 
need a short stroke. The low convex 
would need a long stroke. In sum, on 
a concave surface, when the curvature 
is not deep enough it is high. When 
the curvature is too great, it is low. On 
a convex surface the conditions are 
directly opposite. The polishing tech
nique for a convex surface is different 
from that of the concave only in the 
inversion of the lap and action of the 
stroke. 

A last and oft-repeated warning: Do 
not attempt to polish until the surface 
exactly fits the gage after fine grinding. 
We do not wish to polish ourselves into 
an early grave. 

Finally, I extend my condolences, in 
the form of a more simplified polishing 
machine, to the amateurs who lack the 
material, space, and so on, for a better 
one. This machine will do everything 
the one already described will do, 
except that the time factor will be ex
tended considerably. The spindle 
should be vertical, running at about 
36 r.p.m., and the stroke arm should 
be double, consisting of your own two 
strong anTIS with · sleeves rolled up. 
Merely place the work in a chuck 
(Figure 3, insert, last month) , and ap
ply your strokes exactly as if you were 
a part of the machine. The chuck for 
hand polishing may be made of metal 
or wood, and lined with glued-in felt. 
The drive pin notch shown on its top 
is not for hand work, but with it this 
same chuck may, if preferred, be sub
stituted for the metal button of Figure 
1, in polishing. 

After each 15 or so strokes, let go of 
the chuck. The work will revolve with 
the spindle. After about three seconds, 
drop the hands back on the chuck and 

proceed. Do not be afraid of the work 
flying off the spindle when you let go; 
it won't, since 36 r,p.m. is not fast 
enough to cause alarm on this score. 

With this machine no single condition 
or relation of work to polisher will be 
duplicated, and neither monad, astig
matism, nor one-sided test (one area of 
different radius) will occur. 

It is my humble opinion that amateur 
optics can well afford to get away 
from some of the do's and don'ts pre
scribed by workers in the past, not 
omitting the wearing of round-the
barrel ruts in the rug. So roll out the 
barrels. 

End of Driscoll's contribution. 

R
EADERS are warned that the 200 r.p.m. 

recommended in the above articles 
should not be carelessly exceeded. 
"Faster, disaster," is Driscoll's warning, 
in a private communication, while Leo 
J. Scanlon of Pittsburgh, who has used 
a hand lever machine, is of the same 
mind and urges not faIling asleep even 
at 200 r.p.m. · Especially is this per
tinent in the final stages of grinding, 
since at this stage the grinding surfaces 
become dry or warm and seizure may 
take place so quickly as to end possibly 
in the disaster against which Driscoll 
warns. Henry Paul, Norwich, N. Y., 
also has used a hand lever machine 
and protects his mid-section by em
bodying a heavy steel splash pan in 
his equipment; an added piece of plank 
would serve the same purpose. In the 
next number an illustrated description 
of Paul's hand-lever machine will be 
published, with numerous sidelights 
on its operation. 

G
LEANED while reading a back num
ber of the Journal of Scientific In

struments (London, February, 1938, p. 
3) is the following fragment abstracted 
from a paper on "The Mechanical Am
plification of Small Displacements," by 
Professor A. F. C. Pollard, and of prob
able interest to Carborundum-conscious 
readers. 

Place a well-made agate knife-edge 
from a micro-chemical balance in con
tact with a microscope cover-glass 
under a high power of the microscope, 
in monochromatic light. Note fringes 
from the two facets, also black areas 
surrounded with very irregular con
tours from the edge. 

"One wonders," Prof. Pollard remarks, 
"how it is that agate knife-edges func
tion as well as they do." 

Now select a perfect Carborundum 
crystal about Ys'i long and similarly 
test it. Though the crystal edge in
cluded by the facets is at an angle of 
about 117° ,  this edge is almost perfect 
and is seen as a black fringe along its 
whole length. Such perfect crystal edges 
should form ideal knife-edges for 
highly sensitive and delicate lever 
systems, Professor Pollard states, "but 
I know of no case in which the crys
tals have been used for this purpose." 
But he adds that Professors McBain 
and Tanner have used two sharp 
points of Carborundum crystals to 
function as the knife-edge of their 
highly sensitive microbalance, and with 
great success. 
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Whispered Words I Thought I'd Never Hear • • •  

November 3 . . .  To
night, John asked me 
to marry him ! And 
only a few months 
ago I thought I ' d  

never hear those precious whispered 
words I've dreamed of all my life. 

Little Book, you know what I mean. 
Into your pages I've poured the hurt, 
the longing, the loneliness that was mine 
because of my poor hearing. 

You know how hesitant I was about 
wearing a hearing aid. And you know 
my j oy when I realized how wrong I was. 
Because my Zenith has helped me to 
find new friends and a new world of 

CHOICE OF COLORS, TOO, NO EXTRA COST ! 

The Lustrous Ebony Amplifier harmonizes 
with dark clothing. The new Pastel Ampli
fier harmonizes with light color and sheer 
apparel. 

CANAD IANS ! The Zenith Radionic Hear
ing Aid ( Air Conduction) i s  availabl e in 
Canada-direct by mail only-at $40 (Cana
dian currency) . No extra charges for ship
ping, duties or taxes. Write Dept. SA- l j A, 
Z<!hith Radio Corporation of Canada, Ltd., 
Guaranty Trust Building, P. O. Box 30, 
Windsor, Ontario. 

happiness . . .  and now a full, rich life 
with John. 

How I wish I could tell my story to 
everyone who is hard of hearing ! 

* * 
If you have friends or relatives who are 
handicapped by impaired hearing, sug
gest that they visit the Zenith dispenser 
for a free demonstration of the Zenith 
Radionic Hearing Aid. They will not be 
pressed to buy. 

They can adjust the Zenith themselves 
to their own hearing needs -instantly. 
And Zenith's Neutral - Color Earphone 
and Cord are as little noticeable as eye
glasses. Send coupon below, today ! 

A New Zenith Model 

for P ractica l l y  Every Type of 

Correcta ble Hearing Loss 

Model A-3-A. The popular Air Con
duction Zenith - a super - power in
strument. Tremendous reserve vol
ume to assure maximum clarity and 
tone quality even under the most 
difficult conditions ! Complete, ready
to-w e ar, with N eutral-C o l o r  E ar-
phone and Cord, only $50. 

-

Model B-3-A. New Bone Conduction 
Zenith for the very few who cannot 
be helped by any air conduction aid. 
Complete, ready-to-wear, only $50. 

Model A-2-A . . .  the standard Air
Conduction Zenith. Complete, ready
to-wear, only $40. 

C O PY R I G H T  1 9 4 5 ,  Z E N I T H  R A D I O  C O R P .  
- - - - - - - - - - - - - - - - - - - - - - � - - - - - - - - - - - - - - - - - - - - - - - . 

rHE NEW �� P RADIONIC 
HEARING AID 

BY THE MAKERS O F  ZENITH RADIOS 

Buy More Victory Bonds_nd Hold Them' 

PASTE ON PENNY POSTCARD A N D  MAI L  

ZENITH RAD IO COR P . ,  D ept.  SA- I l A  
6001 Dickens Avenu e, Chicago 3 9 ,  Illinois 

Please send me free literature about Zenith 
Radionic Hearing Aids, together with name 
and address of nearest Zenith Disp enser. 

]t,.Tame . . . . • . . . • . . . . . . . . . . . . • . . . • . • . • • • • • • • • . . • . . . . • • . • • • . . . . . . . .  

Address . . . . . . . . . . . . . . . . . . . . .. . . . . . ... . . . .. . . .  _ . . . . . . . . . . . . . . . . . .  " . .  

City . . 

State . . . . . . . . . .  " . .  " . . . " . . . . . . . . . . . . . . " . . " . .  " . . . . . . . .  " " . "  . .. . . . . 
o P hysicians , check for special literature. 
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