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BROADCASTING TIN. "Flowing" tin 
plate by induction heating is now 
accepted practice in the industry. 
Frequency used in the first in­
stallation was 200,000 cycles

' 
per 

second-and the equipment was 
salvaged from a discarded broad­
casting unit! Incidentally, this 
first install a tion is still in daily use. 

IT 'S A MATTER OF SPEED. Radium 
gives out 1,200,000 times as much 
energy as the same weight of coal 
burned with oxygen. Even if we 
had plenty, however, it would 
probably be a poor substitute for 
coal, since it releases energy only 
one-eightieth as rapidly. Nothing 
that scientists have been able to 
do has had the slightest effect in 
speeding up the process. 

THE SUN IS STI LL SLOWER, releasing 
energy by a process which involves 
the transmutation of elements and 
takes between six and seven mil­
lion years. 

WOMAN'S WEAPON. One reason 
that electric irons aren't being 
made is that the thermostats used 
t.o control their temperature. are 
busy on land, sea and air. They're 
guarding against motor trouble in 
tanks. fire danger in planes, over­
heating in gun equipment on 
battleships. 

PEAK F LAT T E NE R S. Resistance 
welders have speeded up produc­
tion in thousands of war plants, 
but they have imposed enormous 
on and off single-phase loads on 
power circuits, often building up 
impossible peak demands. Capaci­
tors are proving to be the an­
swer, correcting the power factor 
to approximate unity. 

THE HI GHER, THE FEWER no longer 
applies in radio vibrators. At high 
altitudes, vibrator contacts liter­
ally "boiled away"· in ten hours, 
hence this type of. radio was sel­
dom used in airplanes. New-type 
vibrator, using Westinghouse-de­
veloped materials and techniques, 
has a life expectancy equal to that 
of the plane. 

Plastics, plywood and electronics 
This is a Westinghouse laboratory set-up for research in dielectri, 
heating-internal heating by high,.frequency radio waves. Togethe 
with induction heating-surface heating of metals by high-frequenc; 
radio waves-this process is daily finding new applications in industry 

One outstanding use of the principle of high-frequency heating i 
the Westinghouse development of flowing of tin on steel strip. Othe 
important applications are in the bonding of plywood and the curinl 
of plastics. 

Dielectric and induction heating effect important savings in tim! 
.and materials with attendant benefits of better control and more uni 
form results. 

High-frequency heating is an example of electronics at work, anothe 
phase of Westinghouse leadership in electricity. Westinghouse Electric 
& Manufacturing Co., Pittsburgh 30, Pa. 

WESTINGHOUSE PRESENTS: John Charles Thomas, Sunday, 2:30 p.m., E.W.T. 

NBC. "Top of the Evening," Mon. Wed. Fri. 10:15 p.m., E.W.T., Blue Network 
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Aerial cameras�those silent guns 
which "shoot" with letter· perfect 
accuracy the fast-moving action of 
war-need the precision lenses 
which are being produced today. 
But the same skills, production 
facilities, and precision craftsman­
ship now employed by Univis and 
devoted exclusively to producing 
for war, can be turned to the manu­
facture of lenses for finer cameras 
to record the action of peace. 

PRECISION 15 A 

HABIT WITH UNIVIS 
... a priceless habit born of years 
of faithful adherence to precision 
standards in the manufacture of 
finest quality multifocal ophthal­
mic lenses. We invite correspond. 
ence r egarding your post-war 
plans involving the use of preci­
sion instrument lenses and prisms. 

Copr. tD ••• 
pAYTO 1. OHIO 
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Previews of the Industrial Horizon r 

T R A N S M U T E D  W O O D  

POPLAR that is as hard as hard maple, hard maple that is 
hard as ebony, commercial uses of wood formerly unfit for 
such applications because of inherent deficiencies in strength 
or grain structure, are some of the possibilities that arise 
from a new wood treatment process developed by Du Pont. 
Add to these qualities of increased hardness and strength the 
fact that the treated wood will not swell or warp under 
changes in humidity, and the industri.al applications of 
"transmuted" wood broaden tremendously. 

Briefly, the transmutation process consists of impreg­
nating the wood structure with resin-forming chemicals 
capable of reacting with the wood cellulose. This reaction 
profoundly alters the properties of the wood. It becomes 
harder-much harder, stronger, stiffer, and the grain will not 
rise on wetting. The wood so treated can be more smoothly 
worked and highly polished without the further use of sur­
face finishes. Its tendency to shred or splinter during working 
or later use is vastly reduced. An an added feature of the 
process, color can be introduced during the impregnating 
process, resulting in wood that is colored throughout its 
structure. 

Wood treated by this methylolurea process is no longer 
wood in the commonly accepted sense. It is transmuted to a 
product in which the wood structure carries a hard resin. All 
the beauty of the wood grain is retained, however, with 
added beauty gained through the polish which can be 
achieved. 

Within reasonable limits, it appears that the possibilities 
of wood transmutation with methylolurea are virtually 
boundless. Furniture made with treated wood will retain its 
shape, drawers will not stick; veneers can be made harder, 
and self-bonding if the base is also treated; doors and jambs, 
window sashes and frames, will not swell or shrink; wooden 
parts subjected to wear-loom shuttles, for example-can 
be given greatly extended life. 

Not the least important feature of the transmuted wood is 
the surface finish. Scratches in furniture and the like can 
easily be removed by simple sanding and repolishing of the 
affected area ; it is unnecessary to refinish the entire surface, 
since the finish is "built in " through the entire thickness of 
the wood. 

From the commercial angle, it should be noted that the 
process is inexpensive, both as to materials and treating 
equipment. In fact, it might be said that it will be, in some 
cases, "costless " because it decreases waste, makes rejected 
wood available for use, prevents shrinkage, and reduces 
finishing operations. 

Indications so far are that treated woods require slower 
rates of sawing, cutting, and turning and that different tool 
settings and harder tools or more frequent sharpening are 
necessary than with untreated wood. More power is needed 
for drilling or for inserting screws, but the holding power 
of screws and nails seems to be improved. 

G A S O L I NE T O M O R ROW 

PERHAPS n o  war-necessitated rationing has given birth to 
more discussion-and more misconceptions-than that ap­
plied to gasoline. Forcefully has it been driven home that 
this is a petroleum war, a war in which motor fuel is as 
vital a fluid as the very life blood of the men who are doing 
the actual fighting. 

From this dependence upon petroleum products have 
come, of course, technological developments in motor fuels 
that foreshadow important news for the motorist. Much of 
the present work is still in the hush-hush stage, but enough 
of it can be talked about to furnish a glimpse of the horizon. 
Thus Dr. Alexander Klemin looks over the motor fuel situ­
ation, from the standpoint of aviation, in the article on page 
262 of this issue; on page 268 Thomas H. Risk views it as an 
oil-refinery technologist ; D. H. Killeffer considers it, on page 
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247, as a problem to be tackled by the chemical industry. 
Here is a truly complicated industrial problem, one which 

presents so many facets that at the moment much of the 
thinking about the future must be considered as factually­
based speculation. Two of the aspects will have to work 
themselves out as time rolls on: What will be the source 
of gasoline tomorrow? What will be done with the high-oc­
tane gasoline refining equipment already in use and that 
under construction? 

Some answers are fairly clear today, and they all sit 
squarely in the lap of industry. First, the chemical industry 
must make itself responsible for increasing efficiency of 
gasoline manufacture and for developing new fuel sources. 
Then the automotive engineers must take it upon themselves 
to make possible the utilization of the maximum power of 
this fuel. The growing aviation industry also comes into the 
picture, with a share in the development of still better power 
plants and expansion of commercial air transportation. 

If nothing else comes out of the building of huge gasoline 
production facilities two things are sure: The world is learn­
ing how to make the most efficient use of irreplaceable oil 
reserves: other methods of obtaining liquid fuels than from 
crude' petroleum are being vigorously investigated and de­
veloped. 

T E L E V I S ION F I L M S  

LOOK TO television to make great demands o n  the film in­
dustry when it once gets under way. ' While "live " programs 
will undoubtedly be largely used in video broadcasts, main­
stay will probably be movie films. As the number of televi­
sion stations increases-and G.E. estimates that there will be 
100 active stations within five years after the war-there will 
be need for an enormous number of movies to fill the re­
quirements for anything like consistent television service. 

O F F I C E  EFF I C I E N C Y  

ALL TOO little realized is the fact that office work can be 
speeded up, made more efficient, by the very same methods 
as have so successfully been applied to shop operations. Time 
and motion studies have shown startling facts about routine 
office procedures. Steps taken as a result of such studies 
have been highly productive in increasing output, reducing 
waste, and making office employees happier, once they are 
shown that the steps are for their own benefit as well as that 
of the firm. 

F O R  F U T U R E  R E F E R E N C E  

BUSINEssEs that are now lining up customers for goods to 
be delivered as rapidly after the war as conditions permit 
will be the ones to get in on the peace-time ground floor . . .  
Neoprene, oldest and most versatile of the synthtic rubbers, 
is now almost as scarce as natUl;al rubber. But the varied uses 
to which it is being put, because of that versatility, are 
making it ready for great post-war applications . . .  Over 70 
percent of the metals industry of the United States can con­
vert to peace-time operations almost overnight . . .  Post-war 
products, in limited fields, are already making experimental 
models of magnesium, studying the advantages and disad­
vantages of this light metal. . . Greater travel comfort for 
railroad patrons is foreseen in research now going on in such 
matters as seats, luggage racks, wash rooms, window shades, 
and so on. 
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8 MII.ES UP-THE 1'-38 GETS !'INGER-TIP CONTROl. 
No matter how much speed a fighter-pilot has he 
must also have maneuverability-be able to get in 
fast and get out quickly. 

Now, evefl with the P-38's phenomenally in­
creased speed, he can do just that. For Lockheed 
engineers, by installing aileron boosters actuated 
by the revolutionary Hycon "Stratopower" hy­
draulic pump, have given him "finger-tip control" 
over speed faster than sound. The application of 
these boosters, made practical for the first time, 
provides faster response of control surfaces, and 
as a result the Lockheed Lightning now outma­
neuvers many single-engined ships-and fights 
higher than ever before in the thin air eight 
miles up. 

To speed the day of Victory, we are using to 
the limit every facility at our command in the 
production of Hycon"Stratopower" pumps, and 
all of them are reserved for the planes of our 
armed forces. 

LET'S ALL BACK THE ATTACK-BUY MORE WAR BONDS 

aut�de UJalZ,�fo?� 
Because of its compactness and phenomenally high 
pressure, furnishing variable volume up to 3000 pounds 
per �quare inch, the Hyeon "Stratopower" pump will 
do a great many hydraulic jobs better. 

Today there are available other Hycon Pumps 
and Valves in the 3000-pound range for commercial 
applications to control or actuate machine tools, giant 
presses, dump ttuck lifts, materials· handling mecha­
nisms and remote control circuits. They will operate 
brakes, clutches and steering devices of heavy vehicles; 
test high-pressure apparatus; and solve a wide variety 
of other hydraulic problems. For immediate delivery. 
Write for full information. 

BVCON* * 
REG1STERED TRADE MARK 

Manufactured only by The New York Air Brake Company 

TBE N'B'W" "Ir'ORKAW:. BRAKE COMPANY 
------------------+.�2?w�uw------------------

420 LEXINGTON AVENUE, NEW YORK 17, N. Y. 

rNJ:' 1 q.t.t • <:rYJ:'N'lTprr' A MJ:'lHr AN 



50 Years Ago iD • • 

(Condensed from Issues of June, 1894) 

AUTOMATIC PILOT - "An interesting device by Mr. Bersier 
is described in L'Ind. Elec. The object is to operate the rud­
der of large vessels automatically by the compass directly 
without the use of the usual seaman . . .  The standard com­
pass is used and a current from a Ruhmkorff coil is passed 
from the pivot of the needle to the north pole extremity, 
whence sparks of 3 millimeters' length pass to one of two 
semicircular pieces of aluminum insulated from each other, 
the gap between them being set to the desired sailing direc­
tion. When the spark passes to one of these the current, by 
means of a relay, starts a motor in one direction, which in 
turn operates the rudder, while if the spark passes to the 
other piece, it moves the rudder in the other direction. " 

ENGINEER·ARCHITECTS - "The profession of architect as re­
lating to the designing of buildings has occupied a position 
intermediate between that of a profession and of an art . . .  
But of recent years a new function has to be called in, in the 
construction of modern city buildings, which function is the 
work of the modern civil engineer . . .  Steel has now invaded 
the architect's realm, and the last few years have seen a 
new type of city building evolved, one which would be im­
possible without steel, and in which the modern engineer 
asserts his presence . " 

MATCHES - "The lucifer match has attained its present high 
state of perfection by a long series of inventions of various 
degrees of merit, the most important of which resulted from 
the progress of chemical science. " 

SUEZ - "Three thousand three hundred and forty-one ships, 
of 7,659,000 tons, passed through the Suez Canal in 1893, 
yielding sixty-eight millions in dues. " 

INSANITY - "Great intellectual effort requires high nervous 
tension. It is ability to stand this tension which makes great­
ness, and the vanity of greatness is merely the symptom of 
reaction-of breaking down, of the insanity which is the re­
sult of nervous tension uncontrolled by will. " 

COMMERCIAL FISHING - "The commercial fisheries of the 
country give employment to 182,407 persons, represent an 
investment in vessels, boats, fishing gear, buildings, wharves 
and other property of $58,355,000, and yield products of the 
annual value of $45,000,000 in first hands. The cost to the 
consumer is probably about $130,000,000, and it is thought 
that the fisheries of the whole United States furnish support 
to over 1,000,000." 

SEWAGE TREATMENT - "A practical application of elec­
tricity to sanitation has recently been made . . .  Mr. William 
Webster . . .  treats the sewage directly. He places parallel 
iron electrodes within a conduit or chute, through which the 
sewage is passed, the electrodes being alternately connected 
with the positive and negative poles of a dynamo. The 
nascent ammonia thus evolved at the negative electrode 
produces an alkaline reaction, which effects the precipitation 
of the solid suspended matter, while at the 'positive pole 
nascent oxygen and chlorine are evolved, producing an 
acid reaction, whereby the organic impurities held in sus­
pension or solution are readily decomposed and purified. " 

DIAMONDS - "M. Moissan has not only succeeded in re­
ducing the most refractory metals, but has fused and volatil­
ized both lime and magnesia. Nearly all the metals, includ­
ing' iron, manganese, and copper; have also been vaporized, 
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while by fusing iron with an excess of carbon, and then 
quickly cooling the vessel containing the solution of carbon 
in molten iron by suddenly plunging it into cold water, or 
better in a bath of molten lead, he has been successful in 
producing small, colorless crystals of carbon, identical in 
their properties with natural diamonds. " 

BEARINGS - "Ball bearings are successful only when the 
balls themselves are of the highest quality, and the shells and 
axles are of the best steel hardened and ground to the high­
est perfection. The limit of error in the best does not vary 
more than one-quarter of one-thousandth of an inch, or 
one-fourth the thickness of tissue paper. " 

ROOFS - "Flat roofs have several advantages, and can con­
veniently be constructed of concrete, with iron or steel 
girders at intervals. If the under side of the concrete has 
to be the ceiling of the room below, it may be desirable that 
it should be quite flat. In this case, the necessary falls and 
gutters can be formed with rough concrete laid on the top 
of the main body of concrete. The best material for finishing 
such roofs externally is asphalt. " 

GAS ENGINES - "The gas engine has been recognized by 
engineers as affording one of the most efficient prime movers 
known. The steam engine is far more wasteful of the energy 
received from its fuel when steadily running. Irrespective 
of this fact, a further source of waste, which may be of 
still greater degree, is that for intermittent power much of 
the fuel in a steam boiler furnace may be burned uselessly . 
. . . With the gas engine it is different. The gas is turned off 
when the engine is to stop, and none of it is used until it 

is wanted . . . . The Globe Gas Engine Company's engines are 
built to work with both gas and gasoline. Perfect adaptation 
to the latter kind of fuel was shown in an experiment in 
which an engine was run for a long time with kerosene 
oil in place of gasoline. The fuel is vaporized before burning, 
simple atomization not being relied on, and no heat is re­
quired for the purpose. " 

MATH - "Mathematics should be regarded as a kind of 
mental shorthand; a ready means for stating a proposition 
exactly ;' an instrument for recording thoughts so that they 
cannot be misconstrued. . . . Mathematics is not essential 
to the art of theorizing, but it is essential to the art of 
theorizing rightly ; it is the only economical method of 
thought. " 

LIGHTHOUSE -. "The present Fire-Island light . . .  on Long 
Island . . .  is to be replaced by an electric light, said to be 
the largest ever made. It is claimed that it will have a 
brilliancy equal t{) twenty-five millions of candles . . .  It is 
expected that the light can be seen a distance of 25 miles. " 

COAL TAR DERIVATIVES - "As a consequence of the prog­
ress made in the manufacture of coloring materials from 
coal tar, physiologists and physicians have been able to ex­
periment with a host of new products, some of which have 
found a place as therapeutic or antiseptic agents. . . The 
number of organic bodies proposed as antiieptics' or 
medicinal products is very large, and one or more medica­
ments are observed to make their appearance every day. " 
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HELP HIM GET THAT 
LONG DISTANCE CALL 
THROUGH TONIGHT 

You can do it by not using Long Distance between 7 and lOP. M. 

Those are the night-time hours when many service men are off 

duty and it's their best chance to call the folks at home. 

BELL TELEPHONE SYSTEM � 
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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 obtain a copy of this 
famous book, which has been described 
as a "turning point in the lives of liter­
!lilly 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 demonstrates 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 possi ble 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" TODAY! 
Frankly, this booklet has no appeal for 
the immature mind. It does not interest 
the man who, for one reason or an­
other, is wholly satisfied to plug along 
in a mediocre job. But, for the alert, 
future-minded individual-the man with 
ambition and "drive" - "Forging Ahead 
in Business" has a message of distinct 
importance. If you feel that it is in­
te.nded for you, don't hesitate to send 
for a copy today. Simply fill in and 
mail the coupon below. 

Alexander Hamilton Institute 
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ALEXANDER 
HAMILTON 
INSTITUTE 

Dept. 35.71 West 23rd Street, New York 10, New York 

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 ............................................. . 

FirmName ........................................ . 

BU5iness Address .................................. . 

Position . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .• 

Home Address .................................... . 

"IF AMERICA is to have enough jobs 
after the war we must encourage in­
vention in small business. Invention 
and small business depend on patents. 
Patents protect the little fellow from 
having his ideas pirated. They are the 
sling shots that make it possible for the 
little Davids to compete with big 
Goliaths." R. J. Dearborn, President, 
Texaco Development Corp. 

" " 

"THERE IS every possibility that be­
fore natural rubber again becomes 
available in quantity, we will have per­
fected a general-purpose synthetic able 
to compete with it on virtually even 
terms." George W. Vaught, Vice Presi­
dent, B. F. Goodrich Company. 

"BEFORE THE WAR the nation was 
dependent upon only high-grade do­
mestic and imported bauxite for alu­
mina. Today, using a process developed 
by Alcoa after 25 years of research, 
the industry is making alumina from 
low-grade bauxite and even the re'd 
mud residue from the familiar Bayer 
process." Roy A. Hunt, President, Alu­
minum Company of America. 

" " 

"IF THE NATION'S empty-bin boom is 
to be followed by growth and sustained 
prosperity, the flow of new capital into 
enterprise must be stimulated beyond 
any volume in our experience." John 
Clifford Folger, President, Investment 
Bankers Association. 

" 

"THE HELICOPTER in the future, 
when many problems now existing have 
been solved, and solve them we shall, 
will bring our new Age of Flight within 
the reach of practically everyone. It is 
an individual machine more than a 
common carrier." Colonel H. F. Greg­
ory. 

" " 

"THE WAR is disclosing new vistas. 
American industry must gear itself to 
peacetime production on a scale without 
precedent. That is largely an engi­
neering job ... A war-torn but indus­
trially awakened world will require the 
service of engineers, not only for repair 
and reconstruction of its productive 
facilities, but also for a new productive­
ness." Robert M. Gates, President, 
American Society of Mechanical Engi­
neers. 

" 

"TELEVISION OFFERS the soundest 
basis for world peace that has yet been 
presented. Perhaps that will surprise 
you, but isn't this logical: Peace must 
be created en the bulwark of under­
standing. International television will 
knit together the peoples of the world 
in bonds of mutual respect; its possibili­
ties are vast, indeed." Norman D. Wa­
ters, President, American Television So­
ciety. 
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CHEMISTRY IN INDUSTRY 

Conducted by D. H. KILLEFFER 

Official U. S. Marine 

Scientific American 

Workinq on mosquito-infested junqle beaches. our fiqhtinq men cannot be ham. 
pered by protective nets. But chemistry is fumishinq adequate protection with a 
new insect repeIlant developed by Carbide and Carbon Chemicals Corporation 

Synthetics Offer Solotions 

ETHYL alcohol, required for synthetic 
rubber and a host of other war­

connected applications, overshadows 
other alcohols in the news. That is as 
it should be. Only where troubles and 
shortages arise are headlines born. The 
chemical industry generally fulfills its 
duties so well in the war effort that 
few of its products or operations draw 
more than passing attention. The im­
portant alcohols derived from petrole­
um and natural gas, which are more 
numerous and useful than one might 
suppose, illustrate this fact. 

Following World War I, American 
chemists developed a new industry 
based on the manufacture of scores of 
useful products through chemical 
elaboration of the hydrocarbons abund­
antly available from American oil and 
gas wells. This native phase of the 
chemical industry now yields solvents, 
resins, aviation gasoline, and syn­
thetic rubber among others, and 
has grown to rank with that of the 
older coal-tar chemistry, supplier of 
dyes, pharmaceuticals, and perfumes. 
Its orderly growth made it equal to 
the burden of the demands of the 
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Some 160 Compounds Have Been Produced from Pelroleum and Nalural Gas. 

Many of Ihese Will BecOIne Essenlial Paris of New and Imporlanl Posi-War 

Developmenls. Today the Processes Involved are Supplying War-Needed 

Producls; Tomorrow They May be Applied 10 Liquid Fuel Produclion 

present war and hence it has attracted 
little public attention. 

Current production of synthetic rub­
bers and lOO-octane gasoline, requir­
ing.huge volumes of oil, emphasizes the 
approach of a famine in oil as our 
petroleum reserves are progressively 
depleted. To an important and growing 
extent our future supplies of motor 
fuel are destined to come from other 
sources, notably natural gas and coal. 
The shift will be gradual over a period 
of years and, during the transition, our 
reserves of natural gas will play an in­
creasingly larger role as the first off­
set to depletion. Synthesis of motor fuel 
from gas will presumably precede the 
large-scale hydrogenation of coal to 
liquid fuel. The reason for this is the 
comparative simplicity of the gas-using 
processes and the fact that equipment 
and techniques for the purpose have 
already been designed and operated. 

Thus the present production of syn­
thetics from gas and oil, useful and 
important as it is, assumes special 
significance in view of the prospective 
diminution in oil reserves. Here exist 
processes and plant designs-albeit on 
a scale far smaller than will be needed 
-capable of adaptation to the future's 
immense problem. Today they produce 
many products, especially alcohols ; in 
the future they will be adapted to make 
gasoline. 

Alcohol, the word, normally means 
ethyl alcohol, fermentation product of 
sugar, even though alcohol may come 
from other sources. However, the tenD. 
also designates a large and important: 
family of chemically similar materials .. 
Most of these are less widely known. 
since the quantities of them employed 
in industry are tiny by comparison. 
Nevertheless, their functions are vital 
in many diverse ways. The alcohols 
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are also conveniently subdivided into 
11 number of smaller groups, possessing 
the general characteristics of the large 
family but more closely related to 
other members of the smaller groups. 
Thus, the glycols possess the chemical 
structure of dual alcohols, and glycerol 
similarly may be considered a triple 
alcohol since its molecules embody 
three characteristic 0 alcohol groups. 

Most familiar of the glycol group 
of the alcohol family is ethylene glycol, 
widely used as an anti­
freeze in the radiators of 
automobiles and now large­
ly gone to war for similar 
service.  Ethylene glycol is 
a somewhat syrupy liquid 
whose various properties 
are intermediate between 
those of ethyl alcohol on 
the one hand and glycerol 
on the other. Consequent­

Ordinary lubricants on textile machin­
ery, for instance, occasionally stain 
goods in process, a trouble easily cor­
rected if the lubricant can be washed 
out of the cloth with water. Wire draw­
ing, molding of rubber and plastic 
articles, and other similar 0 operations 
are benefitted by the use of this new 
family of lubricants. 

Recent approval of the use of the 
Carbowaxes in cosmetics and pharma­
ceuticals opens other fields for their 

priate amounts of glyoxal, the aldehyde 
derived from ethylene glycol, to make 
the finished film proof against any but 
prolonged soaking in water. 

Glyoxal itself gives chemists a new 
tool for use in synthesis. It is a dual 
aldehyde in the same way that glycol 
is a dual alcohol, and since it is a solid 
with low volatility and very little 
odor, it can serve in many of the 
applications of the familiar formalde­
hyde. An example is its hardening ac­

tion on casein in glues and 
paper coatings to which it 
imparts relative water re­
sistance. 

Recently attracting spe­
cial attention is another 
glycol bearing the same 
relation to ethyl. hexane 
that ethylene glycol bears 
to ethane. This compound 
-2 - ethylhexanediol - l, 3, 
to give its proper chemical 
name--possesses the re­
markable property of re­
pelling insects of many 
varieties even though it is 
practically odorless itself. 
The pervading odor of  
citronella and other insect 
repellants in summer is 
barely sufferable to many 
people who endure it only 
in preference to the greater 
annoyance of ubiquitous 
mosquitoes, gnats, and bit­
ing flies. The idea has been 
to create an odor so disa­
greeable to insects that 
they will keep their dis­
tance. The new compound 
does just that. Apparently 
its odor disturbs the in­
sects but is too weak and 
tenuous to annoy their in­
tended victims. 

ly, its commercial uses 
somewhat straddle be­
tween those of its more 
familiar relatives. How­
ever, its double alcohol na­
ture allows it to enter a 
number of chemical re­
actions and to form deriva­
tives of unique value. 
Thus, one or both of its 
alcohol groups can be con­
verted into an ether group 
and the resulting com­
pounds then possess im­
portant value as solvents. 
Or still other modifica­
tions can be made in its 
properties by combining 
one or both of 'its alcohol 
groups with an acid to 
form esters. The progres­
sive modification of the 
chemical structure through 
these changes, effected 
singly or in various com­
binations, provides a series 
of derivatives in which 
particular characteristics 
are either emphasized or 
suppressed practically at will 

In a styrene plant. where products derived from coal and 
petroleum gas are combined to produce an essential ingredi­
ent used in the manufacture of one type of synthetic rubber 

The compound can be 
readily incorporated into 
creams, lotions, and similar 
preparations and in these 
forms retains its repelling 

or wish . .  

WATER-SOLUBLE WAXES-From this 
glycol, synthesis also produces an espe­
cially interesting series of waxes which 
are unique in being waxy in the nor­
mal way but at the same time soluble 
in water, as no normal wax is. These 
interesting products are formed through 
chemical reaction of molecules of ethy­
lene glycol with themselves. The two 
alcohol groups in each glycol molecule 
react with those in other molecules, 
with the result that the product con­
sists of long chain-like molecules made 
up of many of the smaller original 
ones as links. The number of links 
can vary over a rather wide range 
and thus the properties of the product 
can be controlled to meet particular 
needs such as, for example, for a softer 
or harder wax. Under the trade-mark 
Carbowax, these water-soluble waxes 
are already performing important ser­
vices in industry where their similari­
ties to and differences from ordinary 
waxes make them particularly useful. 
They possess lubricating properties and 
hence can serve where solubility of 
the lubricant in water is important. 

Z4R 

unique properties. Cosmetic creams 
and lotions forming powder bases that 
can be washed off, and medicated oint-

o ments for external application, which 
need no special solvents for their re­
moval after their purpose is served, 
are obviously valuable. That these com­
pounds can be produced with varying 
properties gives them other advantages 
over the useful waxes of more or less 
fixed characteristics. 

Ethylene glycol can be made to re­
act with cellulose to yield a water 
soluble glycol-cellulose. This product, 
marketed in limited quantities under 
the trade-mark Cellosize, possesses the 
film-forming properties of other cellu­
lose derivatives but is easily dissolved 
in water. Furthermore, it strongly re­
sists oils and oily solvents so that 
it can be applied from solution to pro­
tect surfaces-concrete, for example­
from oil spilled on them. When the 
protection is no longer needed, simple 
washing removes the coating. Resistance 
to oil make� coatings of this material 
useful for lining paper containers for 
oily products. When moisture resistance 
is necessary, as it often is, Cellosize can 
be modified by the addition of appro-

ability for many hours. Just now this 
repellant is at the fighting fronts, pro­
tecting our armed men from insects in­
festing the tropical environments in 
which they fight: Mosquito-borne 
malaria is the most serious of the haz­
ards against which it is providing pro­
tection. Its fighting garb includes a 
dual-purpose camouflage cream applied 
to the face and hands to hide the 
soldier from his human enemies' and 
to protect him against the flying 
pestilence of mosquitoes. 

These few compounds illustrate the 
versatility of our developing chemical 
industry of compounds derived from 
petroleum and natural gas and called 
aliphatics to distinguish them from the 
aromatic family originating in coal tar. 
The chemical industry now produces a 
list of some 160 various compounds 
from these sources. Many of them were 
known before only as museum speci­
mens or entries in the reports of schol­
arly researchers. Their industrial de­
velopment extends back over a period 
of about 20 years and it is still going 
on. War demands have naturally stimu­
lated their widened use and their larger 
scale production. When peace comes, 
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these once unfamiliar compounds will 
become essential parts of new and im­
portant developments. 

GRAVITY OF PROBLEMS INCREASES-­
The relation of this phase of chemical 
industry . to the present huge problems 
of synthetic rubber and aviation gaso­
line and to the future problem of di­
minishing petroleum supplies requires 
comment. These three problems are 
grave principally because of their mag­
nitude. Synthetic rubber by the thous­
ands of tons is the kind of operation 
which the chemical industry takes in its 
stride. By the hundreds of thousands 
of tons the problem is different. Sim­
ilarly, aviation gasoline and motor fuel 
from either natural gas or coal be­
come serious undertakings only when 
quantities needed suddenly soar to 
great heights. 

The technique of converting the 
gaseous constituents of natural gas, for 
example, to the liquid hydrocarbons 
needed for motor fuel involve no un­
familiar chemistry. Processes for the 
purpose are known and already have 
been practiced on small scales well in 
advance of urgent need. Yet when out­
put must be suddenly magnified some 
thousand fold, the very size of the op­
eration introduces new problems. The 
same is, of course, true of synthetic 
rubber processes, some of which were 
operated in this country more than a 
decade ago, and of coal hydrogenation, 
long subject of experiments here. Al­
though the chemical elaboration of 
natural gas to products described above 
is by no means the same as that de­
manded to solve the problem of future 
motor fuel, yet familiarity with the 
fundamental chemistry of it gives as­
surance of the successful solution of the 
difficulty as it develops. 

With so large a demand in prospect 
for our natural gas output to supply 
motor fuel, the question naturally 
arises as to where raw material for ex­
pansion of these lesser synthetic opera­
tions will be fou�d. The answer lies in 
the relative magnitudes of the two. 
Where motor fuel requirements reach 
above a hundred million tons annually, 
the need for chemical products of 
natural gas and .petroleum are un­
likely from present indications to be 
substantially greater than a similar 
number of pounds. Thus the problem 
of raw material Supply for this latter 
purpose is scarcely subject for con· 
cern, at least for the present. 

SOIL STABILIZATIOII 

Acld,,,ed Thr,agh Use of 

Ie. Rea. Compoaad 

A CHEMICAL method of preventing mud 
by making soil waterproof has been 
proved in use on roads, airplane land­
ing fields, and other construction pro­
jects here and abroad, according to the 
Hercules Powder Company. 

Its proper use means an end to mud­
dy streets and roads, and a time-saving 
aid in road construction work where 
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mud may cause delays. Stabinol, as 
the chemical compound is called, can 
be used to stabilize unsurfaced dirt 
roads in rural areas where the traffic 
is light, or it can be mixed with soil 
that serves as the base on main high­
ways with hard wearing surfaces. 

By mixing Stabinol, a resin com­
pound, with the top few inches of soil, 
a waterproof surface is obtained. The 
water will drain off or evaporate, 
rather than seep through the treated 
soil and turn it into mud. Stabinol­
treated soil resists penetration of sur­
face water, the chemical company says, 
and also the capillary rise of moisture 
from below. 

A truck can move over Stabinol­
treated roads during or after a rain­
storm without churning up mud or 
digging ruts in the road. A car splash­
ing through a puddle on this type of 
road will kick up dry dust, not mud, 
behind it. 

Only fractional amounts of Stabinol 
. are required, usually about 1 percent 
of the total soil to be treated, and the 
"stabilized" soil has , the same appear­
ance as the original dirt. Hercules says 
that Stabinol does not increase the 
load-bearing capacity of soil, but it 
will prevent the soil from getting wet 
and thereby losing its strength. This 
effect of soil stabilization will last for 
years; roads laid down more . than five 
years ago, for example, are still water­
proofed. 

PILLBOXES 

Made el Plaslic. 

Uaaffecled hy Damp.ess 

p ILLBoxts-literal boxes for pills, not 
strong points of defense-assume spe­
cial importance in this global war. 
Each soldier carries sulfa pills with him 
at all times and these must be care­
fully protected until they are needed. 
With armies operating in the jungles 
of the Pacific islands and the Far East, 
metal boxes are less than perfect. 
Latest development in this phase of the 
war is a pill box of transparent plastic 
which is unaffected by dampness and 
which permits its contents to be in­
spected at any time without opening 
or breaking the seal. 

UBIQUITOUS CREMICAL 

Used i. Perlumes. Iasici Repellaals. 

aad Proleclive Coaliags 

PHTHALIC anhydride, produced now 
'
in 

large quantities by the catalytic oxida­
tion of naphthalene, was once used 
principally as an intermediate product 
in the preparation of certain useful 
dyes. But, like many chemical products, 
its applications proliferated. A valuable 
perfume fixative capable of increasing 
the life of fine perfumes was derived 
from this intermediate. The compound, 
diethyl phthalate, was also valuable 
as a denaturant for alcohol to be em­
ployed in perfumes, and as a softening 
or plasticizing agent in nitrocellulose 
plastics: An important family of resins, 
particularly useful in modern paints 
and protective coatings, next came 
from phthalic anhydride and achieved 

such wide acceptance that this mate­
rial has had to go under strict alloca­
tion in the present war production 
program. 

The latest phase of phthalic an­
hydride's usefulness, however, threatens 
to overshadow, at least for the present, 
all the others. Diethyl phthalate, com­
pound of phthalic anhydride and ethyl 
alcohol, has proved to be valuable in 
repelling the voracious malaria-bearing 
mosquitoes of the South Pacific. Prac­
tically odorless to the human nose, this 
compound turns out to be highly ob­
jectionable to insects. The combined 
demand for phthalic anhydride has 
forced further tightening of restrictions 
on its use. None is now available for 
civilian use. 

WRITER PAPD 

Promised by Ie. 
Bleacbiag Proce •• 

S ODIUM peroxide is the bleaching 
agent used in a new method of whiten­
ing mechanical paper pulp recently an­
nounced by engineers of E. I. du Pont 
de Nemours and Company. By using 
1.5 to 2 percent of sodium peroxide in 
a new process of bleaching, ground­
wood pulp can be economically bright­
ened as much as 7 to 11 points on the 
brightness scale used in the industry 
to compare papers. The characteristics 
of the pulp treated by the new method 
are reported to be far superior to those 
made by present practices. Principal 
application of mechanical pulp is in 
newsprint where its short life and lack 
of whiteness are less important than its 
cheapness. The new bleaching process 
is expected to widen its usefulness into 
other fields in addition to improving 
newsprint. War restrictions on produc­
tion of sodium peroxide indicate that 
the new process will have to await 
peace for complete development. 

eLEAIi GUll BARRELS 

Assared by .e. 

Carlridge Primer 

GUN-BARREL cleaning, one of the buga­
boos of soldiering, has been reduced to 
a minimum for United States troops 
through the use of a new type non­
corrosive carbine cartridge that leaves 
no damaging deposit in the barrel when 
it is fired. 

The deposit left in the barrel of a 
rifle by the primer after older car-' 
tridges had been fired, produced rust 
and made frequent cleaning necessary. 
Instead of leaving a rust-accelerating 
deposit, the new primer developed by 
Winchester for the 30-caliber carbine, 
leaves a protective deposit in the bore, 
and thus relieves the soldier from con­
stant cleaning. 

In order to take care of deposits due 
to elements other than the primer, the 
carbine is equipped with a cleaning 
apparatus, the use of which is required 
only once a day. The new cartri4ge is 
a 30-caliber pistol type, the bullet of 
which has a muzzle velocity of 2000 feet 
per second. Its effective range is 300 
yards, which is four times that of a .45-
caliber automatic pistol cartridge. 
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METALS IN INDUSTRY Conducted by FR E D  P .  P E T E R S  

Leud Curries Its Weight 
No One Surveying Ihe Polentialilies in New Alloys and Sleeis should 

Forgel Those Old Siandbys, Like Lead, Thai Have Enlered New Fields 

and Permanenlly Improved Their Applicalion.Posilions Generally. Here 

Are Some of Lead's Recenl Advances and a Hinl of ils Posl·War Prospects 

LEAD, distinctive for being the heavi­
est common metal and for having 

the lowest price per pound of all non­
ferrous metals, is also one of our most 
versatile industrial materials. Its list 
of applications, long as it was before the 
war, has in the last few years been 
extended-with the help of research, 
of new coatings and alloys, and of 
shortages of more critical materials­
to include many new uses that are 
self-sustaining and hence of major in­
terest to those who ponder the products 
of peace. 

Among the more significant of these 
are certain applications that depend 
on the weight of lead for their exist­
ence. At the present time about 10 per­
cent of the current consumption of lead 
is primarily utilized because of its 
weight. Thirty percent of the metal's 
consumption is the result of its soft­
ness, workability, and corrosion re­
sistance, and 24 percent because of 
such properties of its alloys as low­
melting points or good bearing quali­
ties or favorable shrinkage properties. 
The applications of lead's chemical com­
pounds are responsible for 33 percent 
of the metal's consumption. 

IN BULLETS-Lead is 11.34 times as 
heavy as water, or half again as heavy 
as iron and 6.5 times the weight of 
magnesium. The best known applica­
tion of this quality is its use for bullet 
cores. Lead's melting point is about 
620 degrees, Fahrenheit, and some of 
its alloys are completely molten at 350 
degrees, Fahrenheit, thus establishing 
their utility for solders, type metal, 
fusible alloys, short-run molds and 
dies, and so on. 

Lead and certain of its strong alloys 
with antimony or calcium that have 
just the right electrochemical proper­
ties are also virtually completely re­
sistant to attack by sulfuric acid and 
corrosive sulfates, hence are employed 
for storage batteries; its resistance to 
sulfuric acid alone brings the metal in­
to use for chemical plant equipment­
pickling tanks and the like. In addition, 
lead's general corrosion resistance is 
partly or entirely responsible for a host 
of such uses as roofing and flashing, 
plumbing items, cal::>le sheaths, pole­
line hardware, containers, and so on. 
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Removinq a steel pattern' from the 
molten lead bath used in the manu· 
facture of molds for caslinq plas· 
tics. The lead is later reclaimed 

Its ductility permits it to be extruded 
into' long, heavy tubes for cable sheath­
ing and pipe, or into tubing for tooth­
paste tubes, and to be rolled into heavy 
sheet for tank linings and sulfuric acid 
chambers, or into thin sections for 
wrapping-foil. Its special property of 
resisting the passage through it of X­
rays and radium emanation make it 
useful for lining the walls of X-ray 
rooms or cabinets. 

Among the chemical compounds of 
lead having greatest importance are 
white lead carbonate and sulfate, used 
in high-grade white paints; litharge 
and red lead, its oxides that are em­
ployed in storage batteries, paints, in­
secticides, enamelware, oil-refining, 
synthetic rubber, for examples; tetra­
ethyl lead, used in high-test gasoline; 
and so on. 

In one pre-war year (the following 
figures are for 1939) the order of an­
nual lead consumption by various prod­
ucts, exclusive of the uses of lead 
chemicals, was something like this: 
storage batteries took 198,000 tons ; 

cable sheaths 74,400 ; buildings (roof­
ing, pipe, and so on) 50,000 ; ammuni­
tion 42,300 ; foil 21,800; solder 20,000 ; 
calking 16,000 ; type metals 14,000 ; bear­
ings 12,800 ; automobiles 8900 ; non-fer­
rous castings 7500; lead-alloy coated 
steel sheet 6000 ; and other uses 63,100. 

The picture since then has changed 
significantly. Storage batteries still 
head the list as the chief outlet but 
ammunition has moved up to second 
position, with lead-coated steel, bear­
ings, and solders responsible for much 
higher tonnages of lead consumption 
than formerly. Some items-collapsible 
tubes, for example-appear on the list 
of major applications for the first time. 
In addition, two or three other wartime 
developments in the use of lead, not yet 
out of the "minor" classification, bid 
fair eventually to rank among the im­
portant uses of that metal. 

MOST AVAILABLE METAL-Lea d's pres­
ent position must be studied against a 
background of the war's effect, for it 
has been the "most available" metal 
during most of the wer period to date. 
and thus has been widely used to re­
place other metals wherever possible. 
Many of these applications were simply 
a more extensive use of lead in ways in 
which it had always competed on its; 
own merits-plumbing pipe, flashings, 
and shower pans; flashing on l;mildings; 
lead-base bearing alloys; die castings; 
industrial pipe and tank linings; 
gaskets; and so on. 

Other replacements are new uses for 
lead. Lead alloy nameplates, hard lead! 
drum trap covers and rings, water­
closet floor flanges, have been devel­
oped to take the place of brass. Lead! 
alloy couplings are employed to save 
copper and bronze on certain kinds of 
cement-asbestos pipe. Lead foil is be­
ing used as wrapping in a number of 
new fields such as the fast-growing de­
hydrated food industry. Evidently here 
to stay are some of the above and a few 
others such as lead molds for casting 
plastics, lead battery-connectors and 
lead foil insulation. 

. 

Lead's versatility has been a boon to 
the industry that produces it, for it 
brings the metal into markets that are 
prosperous at the ' same time that some 
other uses may be suffering depression 
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pangs. This same diversification, a di­
rect result of lead's varied properties, 
has been an ev.en greater asset to the 
nation's war effort. 

Bullet cores, for example, make use 
of lead's weight and ease of fabrication. 
The lead is first extruded as ' rod, cut 
into short lengths, sWilged to the ap­
proximate shape of the bullet core, and 
then pressed into the jacket. Pure lead 
and antimonial lead· (containing up to 
2.5 percent antimony) are employed. 

Again, antimonial lead die castings 
form the bodies of practice bombs. 
Lead counterweights are used in tor­
pedo · mechanisms and in anti-aircraft 
and other guns. It is increasingly ap­
plied to provide perfect weight bal­
ance in airplanes and gliders-an al­
most paradoxical application because 
its primary purpose is actually the re­
duction of excess weight in the mechan­
ism for operating the ailerons and 
rudders! 

Here's how this comes about: In 
modern aircraft design, flutter charac­
teristics of movable surfaces are so im­
portant that balance weights are added 
to all ailerons, rudders, and elevators 
on pursuit planes. The weight of the 
surface tending to cause rotation about 
the hinge line in one direction is there­
by resisted by a heavier balance weight 
at a relatively shorter distance from 
the hinge. Lead can be molded to the 
shape of the nose section so that its 
center of mass is at a maximum dis­
tance from the hinge line, and thus a 
smaller amount of balance metal has 
to be used than if a less malleable or 
ductile material were employed. One 
company alone has already consumed 
more than 200 tons of lead for just this 
one application. 

IN PACKAGING-Another application 
where weight is at least no barrier to 
success is the use of lead foil for pack­
aging in place of rigid containers of steel, 
tinplate, aluminum, cardboard, and so 
on. Although conservation of the mate­
rials formerly used was the prime 
mover in this development, the savings 
in weight, shipping space, and cost have 
been great enough to indicate that 
many types of lead-foil packages will 
continue to be used even when rigid 
containers are again available. 

Heavy lead foils have long been used 
for packaging perishable materials, but 
such closures are expensive and .easily 
damaged. The modern lead-foil package 

-essentially a bag made of foil-coated 
kraft paper-is substantial and eco­
nomical while retaining�the advantages 
of waterproofness and airtightness. 
These packages are being used as ship­
ping and storage containers for rifles, 
machine parts, optical instruments, radio 
parts, powder, and detonators, in addi­
tion to the expected foods (the Army's 
famous K-rations, for example) ,  drugs, 
bandages, cigarettes, and even matches. 

The high density and atomic weight 
of lead also make it particularly useful 
in one field that is growing by leaps 
and bounds-the use of X-ray and radi­
um for the internal inspection of cast­
ings, forgings, weldments, and finished 
industrial products. X-rays as well as 
the the gamma-rays of radium are in­
jurious to persons inordinately exposed 
to them, so operators and "innocent 
bystanders" in industrial plants (where 
radiographic equipment may be in op­
eration continuously, day and night) 
must be protected against the radia­
tion. 

Lead is the most efficient material 
that may be used economically to pre­
vent the escape of X-rays from rooms 
or cabinets in which they are gener­
ated. A thickness of one millimeter 
of lead will completely absorb X-rays 
of the intensity developed by 75-kilo­
volt equipment and a 34-millimeter 
(1 1/3 inch) sheet is required to shield 
against 600-kilovolt X-rays. 

. 

X-ray rooms are, therefore, com­
pletely lined with sheet lead. Doors 
are constructed so that their lead cov­
erings overlap the lead covering on the 
jambs all around. Wall holes for elec­
trical wiring must be lead-shielded and 
nails are often lead-headed to provide 
a continuous barrier. Even windows in 
such rooms are made of glass with a 
high lead content so that the operators 
may safely look into the closed room. 
A new development that should simplify 
the application of lead shielding is a 
lead-clad plywood, now available from 
stock in the standard plywood sizes. 

Technologically, the outstanding war­
time development for lead has been the 
evolution of new lead alloy coatings 
and the great expansion in use of lead­
coated iron and steel sheet. Recent im­
provements in lead-coating processes 
have yielded hot-dipped lead coatings 
that compare satisfactorily with gal­
vanized steel in durGlbility (in some 
cases the lelld coatings are more dur­
able) , and have the added advantage 

of being an excellent base for paint. 
The lead coatings are ductile and 

can be bent and formed without flaking 
or cracking. Lead-coated sheets may 
also be die-formed, the lead coating 
actually serving to lubricate the dies. 
The Western Electric Company is now 
applying lead coatings to more than 60 
percent of its pole-line hardware. Items 
varying from small washers to thin 
curved sections 8 feet long are being 
successfully coated along with large 
amounts of sheet for duct work, con­
tainers, and so on. 

Another processing development of 
notable significance is the growth in 
use of lead "burning"- the welding of 
lead components directly to each other 
without the employment of another 
metal as in soldering or "wiping." 
Forced by the shortage of easy-working 
high-tin solders to learn lead-burning, 
many plumbers have found it a sur­
prisingly convenient method of making 
lead joints (some plumbers have been · 
strong proponents of lead burning for 
years) and one that "pays off" in any 
case. Many plumbing installations now 
use no solder and thus save $5 to $10 
or 3 percent of the total cost in a typi­
cal bathroom. 

Lead has recently been found to be 
an excellent mold material for casting 
certain thermosetting plastics. It is sen­
sitive . enough to receive the smallest 
and most delicate impressions froin the 
pattern. It is soft enough to be easily 
removed from the casting, yet sufficient­
ly strong enough to retain its shape 
during the pouring of the liquid plastic. 

For straight-draw molds, for ex­
ample, a steel pattern of the exact size 
and shape of the plastic article to be 
made is dipped into and quickly with­
drawn from a bath of molten lead. 
The lead, chilled by the cold pattern, 
adheres to it as a thin sheath. The 
sheathed pattern is then cooled in wa­
ter and the pattern is withdrawn, leav­
ing a . perfect lead mold, into which the 
liquid plastic is poured. 

MOLDS RE-USED-The mold is later re­
moved with an air-hammer and re� 
turned to the melting pot for re-use. 
This technique suggests that there may 
be many possible uses for lead in forms 
and molds that must be destroyed in 
removing them but which can be sal­
vaged at negligible cost simply by re­
melting. 

Typical of some of the new uses of 

Filter presses for processing highly corrosive chemicals 
embody large amounts of lead in plates. frames. and so on 

AU joints In this double-Y connection of waste. drum 
trap. and l<rvalory waste were made by use of lead welding 
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During manufacture. X.ray tubes are 
tested in this cabinet. which is 
lead lined to protect the operator 

lead that not only conserve a more 
critical material but provide better ser­
vice performance is Electric Auto-Lite 
Company's steel re-inforced lead-alloy 
terminal for automobile batteries. The 
commonly-used metals strong enough 
to withstand the vibration of service 
are soon corroded by the battery fumes, 
with consequent impairment of the 
car's electrical performance. The new 
terminal is acid-proof, yet strong 
enough to be clamped immovably to 
the battery post. The manufacturer be­
lieves the new terminals have an ex­
ceptionally bright future. 

In general, the lead industry is pheer­
ful about the place of its chief product 
in post-war America. At the present 
time only 40 percent of lead consump­
tion is supplied by primary domestic 
production-the rest is imported and 
made from secondary metal. This makes 
lead one of the few major metals (per­
haps the only one) whose war-produc­
tion capacity has not been expanded 
beyond the probable post-war require­
ments. Nor will lead scrap come back 
to plague the primary producers to the 
same extent as will the scrap of other 
metals. 

In addition, it is expected that out of 
its expanded use as an alternate and 
substitute, lead must gain certainly 
some, probably many, permanent con­
quests. These will probably not in­
clude the high-lead solders, which are 
unpopular with the average worker 
and will - be retained on anything like 
their present scale of use only in the 
canning industry. The high-lead bear­
ings, on the other hand, have made an 
engineering hit and will continue in 
use, although they account for only a 
small am01:U1t of lead because of the 
thin films employed. 

Expectations on foil are mixed. The 
new foil-coated paper package is be­
lieved to have a bright outlook, but the 
ordinary lead foil of commerce will 
meet some tough competition from 
other foils and wrappings. In the field 
of collapsible tubes, though, lead tubes 
may permanently replace a large pro­
portion of the tin tubes formerly used. 
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And since automobiles, houses, and 
public utility lines-the respective out­
lets for lead in storage batteries, 
plumbing, and cable sheaths-will be 
produced in boom amounts to fill the 
war-starved demand, the future of lead 
in these products is obvious. 

Yes-as a leading aluminum manu­
facturer once respectfully said of lead 
-"lead carries weight," and it will 
carry more than its share in the post­
war industrial world. 

PREFABRICATED HOUSES 

Will Use Bolh Melals and 

Non-Melals in Mass Produclion 

T HE PREFABRICATED (or better, processed­
materials) house of the future will 
depend on non-metals as much as on 
metals for its mass-produced units, sur­
face beauty, and requisite strength. This 
was predicted at a recent meeting of the 
design-materials group of the Architec­
tural League of New York, held under 
the direction of Morris Sanders. Desig­
ers familiar with steels, non-ferrous 
metals, plywoods, plastics, and so on, 
discussed the possible applications of 
their specialties in post-war housing of 
this type. 

Because of their cost, the non-ferrous 
metals are expected to find little appli­
cation for the entire thicknesses of walls, 
but they are likely to serve in laminated 
forms as exterior surfaces over steel. 
For example, thin copper or brass layers 
rolled onto steel sheets can be made on 
a mass production scale and would offer 
the strength of steel plus the surface 
beauty and strength of the copper or 
alloy at a nominal cost. 

Similar composites involving plastics 
as veneers over steel will possibly be 
even more popular because of the va­
riety of colors or surface effects that will 
be possible. Plastics "all-the-way­
through," however, will scarcely be 
used, owing to the relatively high cost 
and inferior stiffness properties. The 
opportunities for plywoods, rolled out 
and bonded on a scale to match sheet 
metal manufacture, seem especially 
good. 

Structural steel itself has been shown 
by long-time tests to be not seriously 
corroded in normal construction in non­
industrial atmospheres. Thus steel, espe­
cially when used in conjunction with 
non:"metallic or non-ferrous veneers, 
seems to have a bright future in this 
field. 

FLUOROSCOPIC INSPECTION 

Useful lor "Pre-Seleclion" 01 
Melal Caslings 

THE USE of fluoroscopy (visual ex­
amination of the internal nature of an 
object on a fluorescent screen) for in­
dustrial X-ray inspection has generally 
been confined in this country to the 
examination of auto tires, packaged 
goods, citrus fruits, and shoe fittings. At 
the present time, however, considerable . 
research is underway to establish the 

best operating conditions for the fluoros­
copic inspection of aluminum and mag­
nesium aircraft castings. 

The fluoroscopic method is most use­
ful as a method of "pre-selecting" cast­
ings with relatively gross defects for 
subsequent radiographing. It is espe­
cially valuable for the inspection of 
cored passages in castings and as a tool 
for the general control of foundry prac­
tice. Properly applied, it can cut down 
in large measure the great amount of 
X-ray photographic work (radiogra­
phy) now applied to light alloy prod­
ucts. 

The suitability of a casting for this 
type of inspection is governed by its size 
and shape. Light alloy castings are suit­
able that have a maximum cross section 
of two inches in any portion and that 
are of such shape that manipulation will 
allow the X-rays to penetrate each part 
of the specimen and give a readable 
shadow on the fluorescent screen. 

ELECTROL YTIC MANGANESE 
Has Inleresling Properlies: Uses 

Slow io De'l8lopiog 

M ANGANESE, vital to the manufacture 
of virtually all types of steel, is now 
produced in this country in amounts 
exceeding 400,000 tons per year. Smelt­
ing processes are employed, and yield 
a mixture of manganese and iron plus 
other impurities known as ferro­
manganese. 

In recent years the Bureau of Mines 
has sponsored the development of a 
process and plant for the electrolytic 
manufacture from low-grade domestic 
ores of highly pure manganese metal, 
for the original purpose, it is believed, 
of relieving this country's dependence 
on foreign sources for much of its 
manganese ore. According to R. S. Dean 
of the Bureau, in a paper presented at 
a recent meeting of the American In­
stitute of Mining and Metallurgical 

- Engineers, electrolytic manganese pro­
duction capacity in this country is now 
about 1800 tons per year. 

New uses for this pure material have 
been slow in developing. At present its 
chief application is in the manufacture 
by the mints of the new nickel-free 
"nickels." It has also been used in mag­
nesium bomb casings and has been sent 
to England under lend-lease for addi­
tion to aluminum alloys. 

An interesting use for electrolytic 
manganese that may increase in impor­
tance is in an age-hardening alloy con­
taining 66 percent copper, 20 percent 
manganese, and 20 percent nickel. Its 
properties (its tensile strength is 80,000 
p.s.i. for soft material and 180,000 p.s.i. 
for hardened) and its fatigue strength 
are said to be superior to those of 
beryllium-copper. 

Although its high price has restricted 
the applications of electrolytic man­
ganese, as the Bureau avers, it is also 
true that, even if it could be sold at 
some figure near the price of the con­
tained manganese in the regular ferro­
alloy, its use in the major market 
( steel-making) would not significantly 
increase, for metallurgists can see little 
advantage in purity alone for steel­
making purposes. 
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ENGINEERING Conducted by E D W I N  L A I R D  C A D Y  

Solei, Increoses,  Bul • • • 

Stalislics Show Ihal, While Much Has Been Done 10 Reduce Induslrial 

Accidenls, There is Slill a Long Way 10 Go. Codes and Standards Are Slarl· 

ing Poinls. Small Planls Musl Be Broughl Abreast 01 Ihe Practices 01 the 

Large Ones if Ihe Average is 10 Brought Up 

SOMETIME early this summer the Na­
tional Safety Council will release 

its 1944 edition of "Accident Facts," a 
terse but lucid accounting of what has 
been done about keeping industrial 
workers from getting injured and killed 
on the home front. It will show that, 
as compared to World War I, and even 
to 1926, the industrial accident figures 
so far in World War II are highly en­
couraging-but by no means encourag­
ing enough. Many of the figures will 
have gloomy implications, as, for ex­
ample: 

1) The accidental death toll of 
workers from getting injured and killed 
nearly three times the total for our 
armed forces. From Pearl Harbor un­
til January 1, 1944, 32,078 soldiers, 
sailors, and marines died as war casu­
alties; 94,000 workers were killed in 
accidents. 

2) The number of workers injured 
will dwarf the total of war' wounded. 
45,595 of our armed men were wounded 
up to January 1, 1944, while 8,800,000 
workers were injured. (The report, 
when issued, may use even later fig­
ures.) 

3)  Accidents will cause each 1000 
industrial workers to spend an aver­
age of 150 to 200 days away from work 
per year. Time lost without the hurt 
men leaving their jobs will add an­
other 600 to 700 days. In short, the 
entire war effort will lose, each year, 
more than a full week of production 
because of industrial accidents. And 
this time loss will be multiplied many 
times over by the "indirect costs of 
accidents"-the time lost by men who 
leave their machines to help the in­
jured one, the slowings down by 
workers who suffer shock at seeing 
someone else get hurt or who fear 
that hard effort may cause them to get 
hurt, the absenteeism and the labor 
turnover caused by workers disliking 
to work in a place where they have 
seen a distressing accident. 

4) Frequency of accidents, as meas­
ured by number of injuries per million 
man-hours worked, probably will go 
down a little in 1943 figures. 

5) Severity of accidents, as measured 
by the number of days lost per 1000 
man-hours, probably will go up some­
what in 1943 figures-this is one of the 
paradoxes which all safety engineers 
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are studying, �ondering, and attacking. 
Distressing as these figures are, they 

are not nearly so , bad as they might 
be. The fact is, half again as many 
workers were injured per million man 
hours worked in World War I, and the 
increase in the accident rate as new 
workers were trained in that war was 
much higher than in this one. Direct 
comparisons of figures are not too prac­
tical,--statistics were not so complete 
then as they are now, and many kinds 

Courtesy Carnegie·Illinots Steel Corp. 

Sandblasters are completely armored 

of dangerous chemical, metal working, 
and other industries exist now that 
had not yet been born then. Neverthe­
less, it is certain that factory hazards 
have been cut by one third, and in 
some big plants (steel mills are an 
example) they have been cut five 
sixths. 

Statistics are fairly clear from the 
mid '20s on, and the National Safety 
Council uses 1926 as the 100 percent 
or "yardstick" year. Some of the meas­
urements are startling. 

Frequency of accidents, per million 
man-hours worked, went down more 
than 60 percent between 1926 and 1932. 
The trouble is, it has remained on a 
fairly constant level since then, going 
up and down a trifle from year to year 
and being about 68 percent below 1926 
right now, but not going on down. 

Safety men are happy about this, but 
not overjoyed. They point out that 
every school child begins getting the 
kind of training which will cut down 
accident frequency rate ' while he is in 
kindergarten, and that "don't get hurt" 
psychology is dinned into him in his 
church, when he learns to drive his 
car, during his military training�in 
fact, everywhere he turns. It is prob­
able that more agencies have concen­
trated on getting Mr. U. S. Citizen to 
avoid the practices which cause little 
accidents than have influenced any 
other phase of his life. Much as the 
industrial safety engineers have done 
-and they have done plenty-to reduce 
the accident frequency rate, that rate 
is as low as it is because the whole 
nation has been working on it. 

The severity rate is a different mat­
ter. It did not go down nearly so fast 
as the frequency rate and it never 
has gone down so far. But the de­
cline has been steady. Almost every 
year finds it lower than the year be­
fore, and it is now down over 50 per­
cent from 1926. Here the trouble is 
that most of the decline has been in the 
minor degrees of injury. Deaths have 
gone down only some 40 percent, per­
manent partial disabilities only 25 
percent, or less than half the total 
severity rate decline. And this, of 
course, is one of the major safety 
problems. 

METHOD OF ATTACK-Safety engineers 
know that no drastic reductions in in­
dustrial accident rates, such as were 
possible when guards first were ap­
plied to machines and equipment, are 
in .sight right now. Much of the safety 
progress of the immediate future will 
be made by correcting a host of minor 
deficiencies, the results of which can 
add up to very large gains over a long 
period of time. The safety battle has 
become a war, of attrition, the results of 
which can be aided by accurately re­
corded statistics. 

First step is the simplified report. 
Accident reports, unfortunately, must 
be long and complex, for the employer 
and his insurance company depend up­
on them to defend themselves in law 
suits. But every pages-long report can 
be reduced to a simple sentence. Ex­
amples: "The man put his bare fore­
finger into a hole in an attempt to ex­
tract a broken drill, and received a 
deep cut." "Lumber was piled improp­
erly; a board slid off the top of the 
pile and struck the man in the ab­
domen." "The woman neglected to wear 
her safety goggles and was struck in 
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Courtesy Wl11ys-Overland Motors. Inc. 
The girl on the left has a good 
all·purpose suit for light work but 
would be better off with safety 
shoes. The girl on the right is in· 
viting trouble in many respects 

the eye by a steel chip." And so on. 
Such sentences are easy to tabulate 

by common causes and severities of ac­
cidents. The tabulations are used in the 
factories compiling them, of <:ourse. 
But even more important, such figures 
can be forwarded to the National Safe­
ty Council and to the American Stand­
ards Association for industry-wide ac­
tion. 

Entire industries get together with 
the American Standards Association, 
apply the collected data, add the . per­
sonal viewpoints and experiences of 
safety engineers, and work out safety 
codes. Right now the American Society 
of Bakery Engineers is working with 
ASA on a safety code for that indus­
try. (Food industries in general are 
slightly higher in frequency rate of 
accidents than the average of all in­
dustry, but are lower in severity rate.) 
Standard safety codes have been 
worked out recently for hoists and 
cranes and jacks-heavy materials 
handling is one of the worst sinners, 
accounting for about one fourth of all 
compensated injuries and one fifth of 
all permanent injuries. Gas hazards are 
bad in industry; a proposed ASA code 
will hold the maximum concentration 
of oxides of nitrogen (found at welding 
and other operations) to 25 parts per 
million as compared to the 39 parts 
per million which has been in com­
mon use since 1913. 

CODES ARE STARTING POINTS-State 
labor departments use th�se codes, add 
figures from the reports of their in­
spectors, consult the researches made 
by the United States Bureau of Mines, 
the National Bureau of Standards, and 
other agencies, and from them work 
out laws which their legislators enact. 
It is a rare factory, however, which does 
not go beyond the demands of the law 
in working out its own safety practices. 
All the codes possible to compile cannot 
be more than starting points for the 
development of real safety programs. 

The effect of a code is to list the haz­
ards common to any factory, depart­
ment, or occupation, and the minimum 
protections permissible for overcom-
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ing them. From that point on, safety 
engineers of individual factories list the 
hazards applicable to their own condi­
tions, and take steps to reduce them. 

Slippery floors are given abrasive 
coatings or admixtures in the concrete, 
or provided with surfaces which will 
make footing safe. Hot or otherwise 
dangerous objects are painted distinc­
tive colors-the American Standards 
Association has a code for this and the 
Du Pont company has developed a 
safety color system which was de­
scribed on page 224 of the May, 1944, 
issue of . Scientific American. Light is 
thrown into dark corners. Special safe­
ty clothing is provided-the advance in 
the design and use of safety clothing 
shares with machine guards the prin­
cipal credit for the advance in indus­
trial safety of this war as compared 
with the last one. Special hazards are 
studied; the presence of an electrical 
hazard, for example, outl!ws some types 
of steel-capped safety shoes which are 
acceptable for other hazards. 

Areas of the body most likely to get 
hurt are studied. Generally speaking, 
fingers receive 22 percent of injuries, 
the remainder of the hands only 8 
percent. Trunks receive 20 percent 
(protective armor for the abdomen is 

hard to design) , and the legs, which 
also are hard to protect, 13 percent. 
Toes are so well guarded by safety 
shoes that they receive only 4 percent 
in spite of the likelihood of heavy ob­
jects falling upon ' them and workers 
stepping into dangerous places. Eye in­
juries are down to 4 percent; .  they 
could be nearly eliminated if safety 
practices . regarding goggles and face 
masks were followed. 

The slightness of the increase in ac­
cident rate with the hiring of so many 
thousands of untrained workers is due 
to training programs as well as to 
machine guards and protective equip­
ment. Untrained workers do have 
higher frequency rates of accidents, 
of course; this is demonstrated by the 
fact that the newly industrialized far 
west has a higher rate than the older 
industrial regions of the east. "Lack of 
knowledge or skill" is blamed for 30 
percent to 50 percent of all accidents due 
to personal causes. But safety train­
ing is intensive. Bethlehem Steel Com­
pany even goes so far as to have a Gas 
Mask Training School in which stu­
dents are treated like combat troops­
they work under actual smoke-discom­
fort conditions against which their 
masks alone can protect them, while 
instructors watch through glass panels 
and tell them what to do. 

Training courses seek to keep em­
ployees safety-minded "around the 
clock." One good reason for this is 
that a man is not likely to change his 
mental habits just by entering the fac­
tory door; if he is dangerous in his 
practices at home he will be dangerous 
at work. Another is that accidents oc­
curring off the job cause from 20 to 
40 percent more lost time than the 
"on the job" ones. Western Electric 
encourages employees to buy and own 
their own safety clothing . and safety 
type tools, publishes stories in its house 
magazine of employees who have been 
saved from being hurt by wearing 

safety shoes while working in their 
garages or by using life lines while 
painting their houses. Pullman Stand­
ard, in its "no compromise with safety 
at any time" program, requires plant 
visitors to wear goggles and other pro­
tections while walking through its 
shops. 

Studies are made Of special types of 
employees. National figures show, for 
example, that the old and well trained 
employee is far less likely to have 
small accidents-his frequency rate is 
low. The trouble is that when he does 
have an accident it is a bad one. His 
comparative severity rate is high. 
Handicapped workers are in a similar 
group; only 2 percent of accidents due 
to personal causes are attributed to 
body defects and handicapped workers 
are among the safest in the plant in the 
frequency of accidents, but their sever­
ity rate is high. 

The old bugaboo of the "accident 
prone" person, who was believed to 
have caused most of the trouble, has 
been laid by such studies. Figures prove 
that the man who has had one disabling 
accident is the one least likely to have 
another. A survey reported in American 
Machinist showed that of 4404 previous­
ly injured men only eight had bad sec­
ond accidents in 13 years. 

WOMEN'S RECORD GOOD-Women have 
been the subject of special studies 
of industrial accidents. So far their 
record is unusually good. Much of this 
can be credited to special precautions 
-many companies have redesigned 
their machine guards for greater safe­
ty for women. Use of more hoists where 
weights must be lifted for women has 
helped too-heavy weight lifting prob­
ably is the Number One cause of in­
juries, especially among inexperienced 
personnel. Still, safety men argue, 
"what is sauce for the goose"-the prac­
tices developed for women may be used 
to cut down accidents among men 
workers too. 

Safety practices ' are easy to apply 
in a plant having 2000 employees or 
more, since the volume of business is 
large enough to carry the overhead 
charges of a full-fledged safety depart­
ment. But the case of a plant employ­
ing less than 100 is different. And it is 

A light chipping operation requires 
protection for face, hands, and trunk 
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in these smaller plapts, which make up 
more than 90 percent of all factories, 
that the hardest drive of the next year 
may be made. 

National Safety Council surveys in­
dicate that the accident rates in smaller 
plants are nearly 50 percent higher 
than in large ones .of the same indus­
tries. 

Many small plants, of course, have 
safety records which are the envy of 
some of the big ones. Special observa­
tion shows that luck plays very little 
part in this superiority. These small 
plants have appointed safety executives 
ranging from foremen to superin­
tendents, although, strange to say, 
treasurers and paymasters make . good 
ones too; the principal requirements 
of a small-plant safety manager are 
that he have authority and that he 
be safety minded and willing to learn. 
They are using the same methods as 
the large ones. 

Right now the smaller plant gets 
most of its safety education from in­
dustrial journal advertisers of ' safety 
equipment and from the salesmen of 
safety products. State inspectors, local 
safety committees, insurance company 
inspectors, and others who have a pro­
fessional stake in safety, carry the rest 
of the informative burden. 

The forthcoming drive will feature 
safety posters, simple report forms, and 
the profits in uninterrupted production 
which safety can pay. Safety for the 
small plant will be made simple. And 
if there is any abrupt and drastic 
reduction in industrial accident rates, it 
may easily come from the combined 
drive of the safety equipment sellers 
and of all other agencies on these 
smaller plants. Safety in the larger 
plants and in the average of all indus­
try will continue to grow, the pressure 
behind it will continue to increase, but 
the smaller plants must be brought 
abreast of the practices of the big 
ones. 

FLAME CLEAIIIIG 

Bas AdYBalages af 
Speed aad Thar,aglmess 

EXTREMELY rapid heating of surfaces of 
metals, followed by rapid cooling, for 
the purpose of removing scale, rust, 
and other surface coating, is coming into 
'ever widening use. In some cases, as 
with removal of material from car­
burized surfaces, it is undesirable to 
heat the metal itself any more than 
necessary. Therefore an acetylene flame 
is used, being applied to very small 
areas at one time and quickly with­
drawn; the soil has a tendency to lose 
its bond to the metal and to chip and 
flake away. 

Some encrustations have different 
chemical combinations on their outer 
and inner surfaces. These will act like 
bi-metals when heat is applied---either 
their outer surfaces will expand more 
than their inner ones, or vice versa, 
resulting in a buckling and blistering 
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action which breaks them loose. For 
these a wide flame generally is applied; 
the wider the area of heat application, 
the greater the effect of surface differ­
ences . in thermal coefficients and the 
more effective the process. . 

On some alloy steels the pickling 
process used to take hours and was not 
always successful. Flame alone will not 
descale these steels. But when the action 
of the flame has loosened the scale, 
turned it into chips and raised the chip 
edges so the pickling liquor can get 
beneath them, the pickling process is 
rapid and clean. 

Flame cleaning was known before this 
war began. It received its impetus when 
a war-born shortage of pickling mate­
rials made resort to other cleaning 
methods necessary. And improved flame 
cleaning is one of the techniques which 
definitely will survive the war. 

MOlE STAilLESS 

Will Be Usad as a Ba.all 01 
lacreased Warkahilit, 

PRODUCTION men in the plants of auto­
mobile, aircraft, household refrigerator, 
and other mass-production item makers 
are excited over the prospect that stain­
less steel may soon be far more work­
able in press dies than ever before. 

Refusal to flow under the dies has 
been one of the principal handicaps of 
stainless. Even so, the use of this metal 
has grown from some 34,000 tons per 
year in the 1920's to about 400,000 tons 
per year now. Nearly three quarters 
of this growth was during the peace 
years-stainless is not a war baby. 

Product engineers like staip.less for 
its high strength and its resistance to 
abrasion as well as its non-corroding 
qualities. Stainless probably has more 
strength-for-weight than any other 
metal in common use. If the cost of 
fabricating it had not been so high, no­
body knows how great its production 
might have become in pre-war years. 

The exact degree to which flow-abil­
ity has been added is a m1litary secret. 
Engineers talk more about the degree 
to which this quality is expected than 
about actual accomplishments; the 
necessary steel-making knowledge still 
is in the laboratory stage. Final results 
probably will need more power in the 
presses than the pre-war ones had; 
greater strength in the dies. But the 
war has taught production men how to 
get these things. 
wall GAGE BLOCKS 

Caa ha Saivaged 

To Advaalaga 

I N TIME, gage blocks become worn so 
that two or more surfaces are no longer 
accurate to the millionth-inch limits to 
which these blocks are made. Worn sur­
faces may be roughened, concave, con­
vex, or out of parallel with each other. 

Such blocks may be lapped so that 
they are true again, but then will be off 
size. With blocks as inexpensive as they 
are today, it generally is preferable to 
buy new ones to replace worn ones. 

The worn blocks have many uses, 
however. In one shop, holes are drilled 

through them and they are used for 
testing depth gages. In another, the 
worn block surfaces are ground to con­
tours which are used for cb - -l.-ing ac­
curacy of pieces which are to .... e form 
ground; such blocks then are excellent 
for checking the settings and the wear 
of dial gages which are to follow such 
contours either when mounted on the 
grinding and lapping machines or in the 
inspection department. But most often 
the worn blocks are refinished to the 
exact setting of a gage which must 
be correct within .00001 or even only 
.0001 inch, and are assigned permanent­
ly to that gage. 

INDUSTRIOUS JEEPS 

Are Alread, Doiag 

Joh. in ladaslry 

T HE jeep, which performs more than 
50 separate tasks on the battlefield, is 
finding its place in industry. Emerg­
ency transportation in the mile-long 
war plants is one of them. The jeep 
takes engineers, emergency mainten­
ance crews, badly wanted supplies, and 
winds its way in and out of production 
lines, getting almost anywhere at 
higher speeds ' than are practical for 
most vehicles. 

Ability to get through mud too can 
be useful to industrial operations, and 
the jeep can go where even a horse 
will bog down. When a pipe line must 
be followed across the fields to where 
a leak is to be repaired, or a high­
tension power transmission line is down 
and . must be restored to service, the 
jeep can make hours of difference in 
getting the men and tools there and 
getting the job done. 

Very few jeeps are available to in­
dustry right now-the armed forces 
want all they can get . Only the most 
important war plants are allowed to 
have any. But engineers looking ahead 
see many post-war uses for this car in 
big factories, in lumber camps, and for 
mining operations. 

FELT FOR INSULATION 

Is Dampeaiag Vihralioa in 
ladastrial Tools 

W OOL felt, perhaps the oldest form of 
textile known to man, is rapidly be­
coming one of the newest of industrial 
materials. 

Reason for the rapid development of 
new uses was the plentitude of this 
material. While other materials were 
held back because of shortage of sup­
ply, wool felt was tried as an emerg­
ency substitute for one purpose after 
another. Felt was mixed with synthetic 
fibers, processed by new method,s, given 
all sorts of impregnations. 

To the old industrial uses as a lubri­
cant-sealing material for bearings and 
as a temperature insulator, employment 
as a vibration absorber was added. This 
proved important. Felt is now used as 
the basis of super-fine poliShing wheels 
and even grinding wheels; it will ab­
sorb the shock of applying the wheel to 
the work and will dampen the billions 
of tiny shocks which occur when grits 
cut into steel. 
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ELECTRONICS Conducted by K E I T H H E N  N E Y 

Eleclronic A viulion 
Military Developments Hold Definile Pro�ise for Peace-Time Applicalions 

in Bolh Commercial and Privale FUghl. Jladar Principles can Give Birth 

10 Syslems Ihal Will Warn of Possible . Collisions, Provide Block-Signal 

Conlrol, and in Olher Ways Promole Safely in Ihe Air 

MILITARY communiques, stories, and 
rumors covering accomplishments 

of electronic equipment on military 
bombers, fighters, and transport air­
craft have naturally initiated serious 
thinking about peace-time possibilities 
of these electronic developments. Most 
post-war thinking recently has been 
directed toward commercial utilization 
of radio directing and ranging equip­
ment, but easing of secrecy restrictions 
on electronic autopilots and engine 
controls now permits discussion of these 
topics too. 

Autopilots in general have been used 
for more . than ten years on commercial 
airliners, particularly on runs between 
New York and Chicago. The modern 
electronic autopilot, however, is a mili­
tary development with extensive peace­
time possibilities. Designed primarily 
for precision bombing, it holds bombers 
on an exact course determined by the 
bombardier . .  During the 15 or 20 sec­
onds of the bombing run, the mechan­
ism provides the stable platform which 
is essential if bombs are to be dropped 
accurately from high altitudes. During 
these few seconds, the plane must not 
deviate from its set course by a single 
degree. At 25,000 feet an error of one 
mil means that the bomb will miss 
the target by 360 feet. 

The electronic autopilot system, as 
developed by Minneapolis-Honeywell 
Regulator Company, is built around a 
gyroscope with its case fixed to the 
plane and the spinning rotor free to 
move in all directions. When the plane 
dives, climbs, or banks, it moves the 
gyroscope case with it, but the rotor 
remains fixed with relation to the 
ground: This movement about the rotor 
is translated by electrical means into 
control of the operation of the plane's 
rudder, elevators, and ailerons, to re­
turn the plane to straight and level 
flight. 

AUTOMATIC EYES-In this respect, the 
autopilot works automatically in much 
the same manner as a human pilot 
in maintaining straight and level flight. 
The gyroscope of the autopilot system 
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By V I N  Z E L U F F  
Assistant Editor. ElectronIcs 

Spinnlnq qyroscope unit of an elec­
tronic automatic pilot beinq tested 
on a tilt table at a plant of Minnea­
polis-Honeywell Requlator Company 

operates as do the eyes of the human 
pilot to detect flight deviations and to 
signal the vacuum-tube amplifier in 
the electronic "brain" of the autopilot. 

This amplifier, in turn, controls the 
operation of the servo units that 
manipulate the controls of the plane, 
just as the brain of the human pilot 
commands his muscles to correct flight 
deviations. In the case of the human 
pilot, his susceptibility to fatigue, his 
"reaction time," and his inability to 
detect slight variations the instant they 
occur, as well as errors in judgement 
and muscle coordination, limit the de­
gree of precision of which he is capable. 

The autopilot suffers none of these 
human failings. It detects flight devia­
tions the instant they occur and in­
stantaneously operates the proper pJane 
controls to correct the deviations. Such 
automatic correction neither over-con­
trols nor under-controls the plane, 
but keeps it flying straight and level 
with all three control surfaces operat­ing in full coordination. 

Another of the promising electronic 
devices now installed on multi-engine 

bombers and transport planes is the 
turbo-supercharger, a turbine-driven 
air compressor. This is used to boost 
the air pressure at the carburetor inlet 
to secure greater power output and 
better performance of aircraft engines 
at high altitudes. 

In operation, air at atmospheric 
pressure is brought into the super­
charger air intake and its pressure 
is increased by an impeller or turbo­
compressor that is driven at high speed 
by engine exhaust gases directed on 
a turbine wheel. The air passes from 
the turbo to the intake of the car­
buretor, after losing some of its heat of 
compression to an intercooler. The 
higher up the plane is, the thinner 
is the air and the faster must the 
turbo-supercharger operate to' maintain 
constant air pressure at the caI:buretor 
inlet as required for constant power. 

PILOTS CAN CONCENTRATE-Since 
there are many variables that enter 
into the operation of the supercharger, 
an electronic control is used to adjust 
turbo-supercharger speed automatically 
whenever the plane changes altitude. 
This allows the pilot to concentrate 
on essential flying controls, whereas 
formerly he had to readjust engine 
controls continuously during changes 
in altitude. This electronic control is 
actuated principally by a pressure-sen­
sitive element on the intake manifold 
and a: governor on the turbo-super­
charger. The control also limits mani­
fold pressures and turbo speed to safe 
values, and aflticipates pressure in­
creases from turbo acceleration to 
prevent over-shooting of manifold pres­
sures. 

In response to signals from the con­
trol units on the engine assembly, the 
electronic amplifier furnishes power to 
a reversible motor geared to the waste 
gate in the exhaust manifold. This 
gate changes turbo-supercharger speed 
by allowing more or less exhaust gas 
to escape without going through the 
turbo. 

Although there is a widespread opin­
ion that radar devices will greatly 
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Indicator proposed by CAA for show· 
ing horizontal separation between 
planes in flight. Dots show relative 
positions of near.by planes: dot 
size roughly indicates their distance 

change the aviation picture in the im­
mediate post-war period, the peace­
time applications of this highly secret 
system will be based on an entirely 
different situation. For military use, 
radar ' equipment detects the presence 
of objects which will not "co-operate," 
and this requires complicated and ex­
pensive apparatus. Peace-time aircraft, 
on the other hand, will "reveal" their 
presence to radar apparatus, so a dif­
ferent technique involving less expen­
sive and less complex apparatus will 
be used. 

Scheduled commercial air service 
must operate regularly and this means 
flying in practically all conditions of 
weather. To permit this, several elec­
tronic devices for installation in air­
craft and airports have been suggested 
by Glen A. Gilbert, Chief of the Air 

Traffic Control Division of the Civil 
Aeronautics Authority, who recently 
stated that plans of the CAA for post­
war air control are now ready and 
can result in a four-time increase in 
capacity of the present traffic control 
system. 

One of the devices that will result 
from peace-time application of elec­
tronic war equipment is a collision 
warning device which will indicate the 
relative positions of other planes in the 
vicinity. Thus, each pilot flying in in­
strument-weather conditions will be 
able to avoid collision with other air­
craft by observing the screen of a 
cathode-ray tube on which the loca­
tion of other planes in respect to his 
own will be shown. Development by 
the CAA of this electronic indicator, 
called a vertical separation indicator, 
was halted by the outbreak of war. 

At the present time, aircraft report 
to control towers on landing fields 
enroute so .that their path may be 
checked at fields along the route. This 
communication is carried on at present 
by means of voice signals over the 
radiotelephone equipment and forms a 
major limitation of the present air­
traffic control system. The develop­
ment of an automatic aircraft position 
reporter woul� materially reduce this 
limitation. Such a device would permit 
an aircraft to actuate a reporting 
mechanism as it passes each "fiJI:" along 
the airways, in the'  manner that a train 
trips signals as it passes predeter­
mined points along its route. The sys­
tem would make use of a vertical 
pattern transmitter at each fix and a 
receiver in each plane to indicate the 
entry of the plane into the pattern. 
At the same time, a radio transmitter 
in the plane would be controlled . by the 

TlJlle II ';Iectrlmir Tllr"o SII"errharoer CoHfroi SIISlem 
, PIIOPEUU GOVUNOII , CARBURETOR ,� CARBUR ETOR .... ,R SCOOP " HEAT BAffLE 

2 GEAR ORNE FOR • EXPANSION JOINT '0 AIR filTER " WORM GEAR DRIVE 
INTERNAL MOWER 7 INfUCOOLER SHUTTERS " fiLTER CONTROL GATES " TUR BINE WHEEL 

3 INTERNAL BLOWER • INTlItCOOLEII. 12 HEXteLE COUPLINGS " WASTE GATE STO' 
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With a vertical separation indio 

cator a pilot would be able to de· 

termine the yertical distance be· 

tween his own plane (on the zero 

line) and planes above and below. 

!Wen when flying in clouds or at 

night. Length of forms correspond. 

ing \0 other planes would be pro­

portional to horizontal distances 

fix-pattern receiver and a receiver at 
the fix point on the ground would re­
ceive the automatic report signals and 
relay them to an airway traffic control 
center. 

VOICE SIGNALS ELIMINATED-Auto­
matic posting equipment at the control 
center would be fed the position reports 
and would post them on a large panel, 
in much the same manner that stock 
quotations are posted on electrical post­
ing boards. Such automatic posting of 
positions of planes and automatic trans­
mission of traffic-control instructions 
from the ground would eliminate voice 
signals in the control of air traffic. 

. • •  Remember 

� .. 
··-Cb· ... · 

MANifOLD 'US5UI U'S AffECTED BY 

T H R o n u  P O S I T I O N  AND E N G I N E  
" "  M A S  W E l l  A S  T U R I O  1 0 0 S T  

AMPLIFIER 

Complete electronic control system for a turbo·supercharged aircraft engine. See text. 
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The traffic c:1earance indicator en· 
visioned by CAA technicians miqht 
take this form. with liqhts to in· 
dic:ate Iliqht levels and central in· 
dicators to authorize movement 01 
the plane aloft or on the qround 

Reception of automatic control in­
structions in each plane can be ac­
complished by a traffic clearance indi­
cator. This would consist of a dial con­
taining a series of small lamps, one 
for each flight level. After clearance 
for a specified flight level has been re­
ceived, the lamp for that level · remains 
lit. Reception of clearance to another 
altitude would cause another lamp, 
designating another altitude, to flash 
and attract the pilot's attention to the 
fact that new orders had been received. 
He would then press a button, auto­
matically transmitting a signal to 
acknowledge receipt of the clearance 
order and his plane identification. These 
signals would register on the control 
board on the ground, which would 
automatically register any disagreement 
if an error should occur. 

Other indicator lamps on the pilot's 
panel would indicate special instruc­
tions when ' the plane is on the ground 
and would direct taxiing and take-offs. 
Eventually, the traffic clearance' indi­
cator and the automatic aircraft position 
reporter may be combined into an 
automatic system similar to the block 
signal system used by railroads in this 
country. Such a system would contain 
marker stations that would transmit a 
signal that would act as a screen across 
each airway. These transmitters would 
be located at block-signal fixes per­
haps 10 to 15 miles apart. Each plane 
proceeding along the airway would set 
up a "hold" signal for following planes 
on the same level. This hold signal 
would not be cancelled until the first 
plane had moved into the next block 
on the route or climbed or descended 
into another level. This would prevent 
two planes from being in the same 
block at one time on the same altitude 
level. 

A constant picture of the actual po­
sition of planes within several miles of 
an airport can be made available to the 
ground control operators by means of 
electronic scanning screens. Each plane 
would be represented by a moving spot 
of light on a fluorescent screen. As the 
plane changed position, the spot would 
move to correspond and indicate the 
aircraft's horizontal position. A second 
screen would show the vertical rela-
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tionship of the aircraft to one another. 
In the predicted 500,000 

'aircraft fly­
ing in 1950 will be many other new 
and old electronic applications ranging 
from radio Gommtinication systems, 
radio . direction finders, and crew inter­
communicators to electronic de-icing 
equipment, electronic gas gages for re­
mote . fuel tanks, electronic altimeters, 
and a variety of electroiuc controls, 
both for passenger comfort and flying 
requirements. The amount of electronic 
equipment per ship will naturally vary 
with the size and purpose of the ship, 
with commercial and military craft 
carrying far more vacuum-tube equip­
ment than family flivvers. CAA pre­
dictions of 10,000,000 passenger miles 
of scheduled passenger traffic and 600,-
000,000 tons of freIght, express, and mail 
moved by air in 1950 point clearly to a 
promising future for individuals and 
manufacturers alike in electronic avia­
tion. 

GYRO BALANCER 

Uses Piezo-Elec:tric: Potentials 

and Cathode-Ray Tnhe 

AN ELECTRONIC instrument, developed 
by Sonntag ' Scientific Corporation, for 
balancing gyro rotors, differs from con­
ventional balancing machines in that 
it directly measures the alternating 
bearing forces exerted by the unbal­
ance of the rotor, rather than tangible 
displacement of balancing parts. 

The rotor to be balanced is mounted 
on rigid bearing supports and the en­
tire assembly is seismically suspended 
on springs to eliminate the disturbing 
influence of floor vibrations. Alternat­
ing unbalance forces are transmitted 
by a practically rigid platform to quartz 
crystals, producing piezo-electric po­
tentials which are magnified by 
vacuum-tube amplifiers and made visi­
ble on the screen of a cathode-ray os­
cilloscope. 

The magnitude of the unbalance is 
indicated as a sine wave pattern, repre­
senting magnitude and location of un­
balance. The cathode-ray screen is 
graduated horizontally into 360 degrees 
for reading the location of unbalance, 
and vertically into units representing 
the . amount of unbalance. 

ELECTRONIC BEATING 

Demonstrates Multiple 

Industrial Uses 

INFESTATION in grain is , frequently 
troublesome. By application of elec­
tronic heating, wheat can be raised to 
a temperature of 135 degrees, Fahren­
heit, to effectively destroy bacteria 
without harming the wheat. Insects can 
also be killed by this method, even 
though the infected products may al­
ready be in packages. The use of elec­
tronic heating for killing bacteria in 
fruit and vegetables canned in glass jars 
shows considerable promise. 

Curing rubber and cooking and dehy-

dration of dry goods are other applica­
tions which appear to be promising for 
electronic heating. Coffee has been 
roasted by this process but there are 
indications that the inside of the bean 
is heated more than the surface, with a 
resulting change in flavor. Feed corn 
has been heated, and table salt (if not 
too moist) has been heated and dried. 
Paper cartons, rayon fiber, and shredded 
vegetables have also been dried satis­
factorily by electronic means. In foun­
dries, sand cores for molding have also 
been dried by dielectric heating. 

BADIO RANGE ALARM 

Provides Automatic: Salety 

For Airplanes 

A NEW automatic radio-range monitor 
for use at airports provides instant 
warning if any radio course shifts as 
little as 3 ·  degrees from its normal set­
ting or fades below its normal strength, 
and also provides a check on the op­
eration of airway fan markers located 
near the airport. 

Four receivers are required for the 
radio-range monitor, one on each of the 
four radio courses of the standard CAA 
four-course radio range. So long as the 
radio course does not shift, the moni­
tor receiver continuously picks up the 
interlocking "A" and "N" signals trans­
mitted by the range station. If the 
course shifts, either the "A" or the "N" 
signals begins to predominate. When 
this happens, the monitor receiver au­
tomatically transmits an electrical im­
pulse to the monitor board at the air­
port, which flashes a red light and 
sounds a ·  siren to warn the ground 
crew; at the same time, the monitor 
automatically dials the range trans­
mitter, which begins to send out to all 
pilots a warning signal at the end

' 
of 

each cycle. 
The fan-marker monitor receiver is 

located near the marker, and is con­
nected through a telephone line wi�h a 
monitor board in the airport control 
room. If the marker radiation strength, 
or its percentage of modulation, drops 
below a certain level, or if the marker 
identification signal keying becomes 
faulty, the red light flashes and the 
siren sounds. 

SPLIT-SECOND TIMEI 
Utilizes Ac:c:urate 

Capacitor Charging 

I N AN electronic timer developed re­
cently by Paul B. Weisz of the Frank­
lin Institute, a capacitor is charged for 
the exact duration of the time interval 
to be measured. The capacitor voltage 
resulting from this charge is then meas­
ured with a vacuum-tube voltmeter 
calibrated to read from 0 to 140 micro­
seconds with an accuracy of better than 
two millionths of a second. Uses of the 
timer include determining projectile 
velocities by measuring the interval 
between passage of the shell through 
two spaced pick-up coils mounted be­
yond the barrel of the gun, measuring 
propagation velocities and reaction 
rates, and measuring time lags of re­
lays. 
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FUIDAMERTAL SCIENCE Conducted by A L B E R T  G .  I N G A L L S  

Elpiosives  • • In side aDd Dal  
SOlDe 01 Ihe Chemical "Whys" of Black Powder, Nilroglycerine, Cancollon, 

Smokeless Powder, Toluene, Picric Acid, TNT, AmmoaiulD Nitrale, AlDalol, 

and Ihe New Penlhrile which is no Longei' Hash·Bash. The Basic Chem· 

islry 01 All Ihese Explosives is Relatively Simple 

I N  THE motion picture, "Destination 
Tokyo," occurs a breath-holding 

sequence. Slim crawls through a small 
opening in the broken superstructure 
of the submarine Copperfin, to remove, 
with realistic fear, the fuse from an 
unexploded, well planted Jap bomb. 
9nce the fuse has been removed no one 
pays further attention to the bomb. 
For all the audience knows, that bomb 
remains embedded in the submarine's 
superstructure for the duration. Even 
though the Copperfin is depth-charged 
all over Tokyo Bay-and there is plenty 
of concern aboard-no one aboard 
seems concerned about the bomb, or 
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Figure 1 

for that matter, about the glistening 
assortment of potent TNT-bearing tor­
pedoes making up the Copperfin's own 
deadly cargo. 

Neither the bomb nor the torpedoes 
will explode. Jar them, shake them, 
drill them, drop them, saw them­
nothing happens. Even hammer them 
(lightly) or shoot through them with 
a rifle bullet and nothing may happen. 

How can an explosive be so violent 
and at the same time so lethargic? 
Yet there are explosives which will 
actually blow up at the drop of a hat, 
or the tickle of a feather. 

Explosives are, in fact, like people. 
Some lose their cork at the first sign 
of irritations; others will take a lot 
of punishment before they let ga-but 
when they do, look out! Lazy explosives 
blow hard. And just as it takes many 
sorts of · people to make a world, so, 
too, it takes many sorts of chemical 
elements to make an explosive. 

MO$t important, and basic to nearly 
all explosives, is the very anti-social 
element nitrogen. Though it makes up 
four fifths of the air we breathe, it is 
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merely an inactive partner in the loose 
firm of oxygen and nitrogen; oxygen 
does the work, nitrogen looks on. Two 
tiny invisible nitrogen atoms grasp 
hands thus � to form a self­
satisfied, lazy, and anti-social molecule 
of nitrogen gas. The chemist writes it 
N2. It took science a round century to 
learn how to break the deathlike hand­
clasp between two nitrogen atoms and 
to force the unhappy divided nitrogen 
twins into "shotgun" marriages with 
atoms of other elements. And, like 
most shotgun marriages, these re­
sult in an unhappy-if not unholy­
state of affairs. Nitrogen atoms will go 
to violent extremes to break the un­
natural wedlock and return to the 
close comforting embrace of its twin. 

Take the case of nitrogen tricked 
into marriage with the element iodine 
by the chicanery of the chemist. The 
union is so repulsive to both elements 
that it remains intact only so long as 
the fellow with the shotgun remains 
close by. This fellow is water. Let the 
water evaporate and the dry, unstable 
compound of nitrogen and iodine (the 
cheInist calls it nitrogen triiodide and 
gives it the label, NIs) is all ready to 
demolish itself and everything else .in 
the neighborhood. Now drop your hat 
or tickle it with a feather, or just sit 
patiently by while a curious fly in­
vestigates. A loud noise and purplish 
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vapors of free iodine result. Or per­
haps the- slight jar of a distant foot­
fall, an opening door, or a loud voice 
will be sufficient to dissolve the mar­
riage. Obviously, such a supersensi­
tive explosion could have little military 
value. 

On the other hand, nitrogen can be 
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forced into marriage with oxygen by 
cheInical trickery and the marriage is 
reasonably successful. If there is no 
happiness, there is at least no great re­
pugnance. It will take a lot more than 
a dropped hat, a tickling feather, or a 
curious fly to break up this union. Here 
comes the next chemical trick. The 
marriage which chemistry made, it 
must now break-by trickery .. Oxygen 
is the most gregarious element known. 
If nothing .better offers, an atom of 
oxygen will- twin . up, as does nitrogen, 
with a fellow oxygen atom. But the 
embrace is light and airy, not the clasp of 
death. When some other fair charmer 
strolls around, the light embrace is 
quickly broken; the oxygen atoms vig­
orously grab new partners. Preferred as 
partners are atOIns of hydrogen (H) , 
sulfur (S) , and carbon (C) , or per­
chance the atOIns of an active metal 
such as magnesium (Mg) or aluminum 
(AI) . With each of these. oxygen has a 
burning desire to unite and with each it 
is willing to remain till death. The trick 
is simple; the marriage between oxy­
gen and nitrogen is broken by present­
ing to oxygen one or more of these 
fair charmers-sirens capable of break­
ing so light a marital tie with dispatch 
and commotion. Nitrogen becomes free 
again while oxygen gains its burning 
desire. 

Black gunpowder is a pulverized 
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mixture of sulfur, charcoal (carbon) ,. 
and saltpeter. The chemist knows salt­
peter as potassium nitrate and writes 
the formula for it, KNOs, the K stand­
ing for potassium (Latin, kalium) . Here 
we have all of the necessary ingredi­
ents for a marital mix-up. Nitrogen is 
wedded to oxygen; oxygen is quite 
ready to desert this tie for a happier 
one. The sirens, carbon and sulfur, are 
present to disturb the peace. A lighted 
match or a spark sets these unhappy 
atoms into action. Nitrogen breaks 
loose; oxygen atoms, delighted, quickly 
wed themselves to sulfur or carbon 
atoms, producing the pungent fumes of 
sulfur dioxide gas (S02) and the odor­
less carbon dioxide gas (C02) , Enough 
oxygen is left to satisfy the needs of 
potassium. And all the complicated 
exchanges are accomplished in the 
twinkling of an eye to the great 
pleasure of those concerned. 

If this were all that happened there 
might not even be an explosion. A 
handful of solid black powder produces 
some ten gallons of the mixture of 
nitrogen, sulfur dioxide, and carbon di­
oxide gas. Here is the other great secret 
of an explosion-the conversion of a 
small amount of solid or liquid into a 
large amount of gas-sudden expansion 
sufficient to shatter buildings or push 
massive projectiles from a 16-inch gun 
a distance of 30 miles. 

And herein, too, lies an . important 
difference in explosives. Some let go 
with shattering suddenness; these are 
the bursting charges or high explosives 
such as TNT, tetryl, picric acid, dyna­
mite, nitroglycerin. Others let go more 

O-H 
I /C, 

H - C  C - H  
I D 

H - C  C - H  

'c/ 
I 
H 

PHENOL 
0;:­

CARBOLIC ACI D 
TOLU ENE 

Figure 4 

gradually and thus push instead of 
shatter; these are the propellants such 
as black powder and smokeless powder. 

Black powder was used by the early 
Chinese. It was mentioned by Roger 
Bacon in 1270 A.D. It was first used in 
wooden cannons in the battle of Crecy 
in 1346, and up to less than a century 
ago it was the only military explosive 
used. Then came a new idea. Why 
mix the several ingredients together? 
Why not have atoms of all of the neces­
sary elements tied loosely together in 
one unhappy, unstable molecule. In 
1847, chemist Sobrero found that when 
he treated glycerin with nitric acid he 
got just such a molecule. It was the 
very potent and explosive nitroglycerin. 

Figure 1 is the chemist's picture 
(structural formula) of a nitroglycerin 
molecule. It takes but one glance to see 
the unhappy state of affairs in this fam­
ily molecule. Oxygen is linked to nitro­
gen; it would much prefer carbon or 
hydrogen. Hydrogen is linked to car-
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bon; . it would much prefer oxygen; so 
would carbon. 

Highy sensitive, but not supersensi­
tive, liquid nitroglycerin can be caused 
to explode even by the sudden clang­
ing of c�bals, yet it can be wheeled 
safely in rubber-tired carts, ladled, and 
poured. And when it does explode 
there is no hesitation; the re-shufHing 
of atoms takes place far faster than a 
flash of lightning-to produce the gases, 
carbon dioxide, steam (H20) , and nitro­
gen. Truly, here is a high explosive. 

To tame this very sensitive substance, 
Alfred Nobel had the happy thought of 
soaking it up in sawdust and earth and 
thereby invented useful dynamite 
which still packed the wallop of nitro­
glycerin but was safe to handle. 

While Sobrero was experimenting 
with nitric acid and glycerin, chemist 
Schoenbein was doing similar tricks 
with nitric acid and cellulose. Cellulose, 
the principal stuff of cotton and wood, 
has a molecule something like that of 
glycerin but twice ' as long and with six 
instead of three carbon atoms linked 
arm to arm. From these experiments 
(after a number of unpremeditated ex­
plosions costing lives and factories) 
came nitrocellulose or guncotton. Less 
sensitive than nitroglycerin, it is still 
too sensitive for comfort---and highly 
inflammable. Luckily it was later dis­
covered that moist guncotton is not 
only sare but can be exploded if primed 
with a little dry guncotton. 

Here were two new high explosives 
of great value-but what was really 
needed was a new powerful propellant 
to take the place of black gunpowder. 
Both nitroglycerin and nitrocellulose 
exploded too suddenly (the scientist 
would say they were too brissant) . The 
job was to slow down the explosion. 
In 1886, Vieille treated nitrocellulose 
with a mixture of alcohol (no wonder 
there is little beverage alcohol today) 
and ether. The result was a tough, 
horny substance much like the collo­
dion or Nu-Skin of the drug store. It 
was more than that, however; it was a 
slow burning explosive which left no 
smoke. In short, it was smokeless pow­
der. Soon, Nobel had done similar 
tricks with mixtures of nitroglycerin 
and nitrocellulose. King for five cen­
t'Qries, black gunpowder was forced to 
abdicate in favor of this new king of 
propellants-made from high explo­
sives. In effect, the unhappy high ex­
plosive molecules had been dropped 
in cold . molasses where their boUnd­
less' energies became both bounded and 
slowed down. 

There are many other important high 
explosives with molecules similar to 
those of nitroglycerin and nitrocellu­
lose. Even the manna of the Bible can 
be nitrated to yield an important high 
explosive, nitromannite-so sensitive 
that it is used as a substitute for ful­
minate of mercury in detonator caps. 

Then, there is penthrite. The chemist 
calls it pentaerythritol tetranitrate and 
pictures it as in Figure 2. Its name 
stems from its five linked carbon atoms. 
Like its relatives it is highly sensitive 
---a quick change artist and a top-notch 
explosive for demolition jobs. 

For many months before and im­
mediately following Pearl Harbor, pen-

thrite was on the hush-hush list. It 
was to be mentioned only in the 
right places at the right time. It car­
ried-and still carries-a mysteri­
ous symbol. Penthrite is no longer a 
secret; our enemies know all about it­
know what damage it can inflict, how 
and where it is used. 

. 

There is one thing they do not know 
-we hope. They do not know how to 
make it quickly, economically, and 
safely. We do, thanks to the interchange 
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of information between the allies-and 
thanks to the Canadian, Dr. James H. 
Ross, who was largely instrumental in 
developing the methods. 

It seems evident that these explosives, 
involving, as they do, carbon atoms 
strung together in chains and festooned 
with hydrogen, oxygen, and nitrogen 
atoms, are all sensitive, fast, high step­
pers. Only by a molasses-like process 
can they be slowed down. Then, they 
become useless as high explosives. 
Where do we turn to find that ideal 
high explosive, the one that can be 
roughly but safely handled and yet 
explode with the best of them when 
properly induced? 

We turn to another family of carbon 
festooned molecules. The chemist calls 
members of this family the aromatics 
because of the many pleasant odors 
among them. Instead of a festooned 
string of atoms, we have a circle of 
atoms. usually sIx carbon atoms to a 
circle or hexagon (Figure 3) . This is 
the famous benzene hexagon-the 
molecule of benzene as the chemist 
pictures it. 

First cousins of the benzene mole­
cule are phenol or carbolic acid and 
toluene (Figure 4) . Now, by means of 
a simple chemical trick involving treat­
ment with nitric and sulfuric acids, 
these basic non-explosive molecules 
are converted to high explosives which 
the chemist pictures as in Figure 5. 
Here are two famous explosives. Picric 
acid was a favorite in World War I 
when toluene was scarce. TNT has been 
the favorite high explosive for more 
than 40 years. 

Both of these explosives are as nearly 
foolproof as an explosive can be and 
still explode. Picric acid does have the 
bad habit, however, of attacking metals 
and forming with them dangerously ex­
plosive compounds. Hence, shell or 
bomb cases must be lined with paint 
or varnish. A huge ammunition dump 
of picric acid has been known to burn 
to the ground without an explosion. 
TNT can be sawed, drilled, or dropped 
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from considerable heights without ex­
ploding. It is quite insensitive to blows 
but can be exploded against a metal 
surface by the severe impact of metal. 
A rifle bullet is likely to have little 
effect unless the explosive is in a metal 
container; in small amounts it burns 
without exploding. 

Why are these explosives so slow 
to anger while nitroglycerin and gun­
cotton are so irritable? It is all in the 
molecule. Note, for example, that the 
nitrogen atoms are attached directly 
to carbon atoms with no intervening 
oxygen ·atom. Note, too, that the circle 
holds the carbon atoms in place, as it 
were; while in a chain the atoms are 
free to twist about. Then, too, each 
carbon atom extends double arms to 
one partner, making the task of break­
ing the ring more difficult. Taken all in 
all, these ring explosives are a far 
happier family than the chain explo­
sives. It is no wonder that they are the 
more popular with those who must 
handle explosives. 

If these molecules are so slow to 
anger, how is it possible to make them 
explode at all? Here comes in another 
simple _ trick. One small match can 
serve to start a great conflagration if 
the materials are properly arranged: 
Paper, shavings, light sticks, large 
sticks, logs, in that order. One small 
match applied directly to the log is 
wholly ineffective. To ensure the ex­
plosion of TNT it is necessary to use 
a bit of booster which is nothing more 
nor less than a sensitive high ex-
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plosive. Tetryl (Figure 6) is the favorite 
booster for TNT. In this unhappy mole­
cule one nitrogen atom is linked by 
one hand to another nitrogen atom­
a tantalizing state of affairs. It can 
hardly wait to entwine its twin with 
the other two arms. When this starts, 
the rest of the unhappy molecule is 
also torn asunder and re-assembled 
into happier units. Thus, sensitive 
tetryl serves to stimulate insensitive 
TNT to let go. 

But even tetryl must have more than 
a tickle to set it off. A mixture of high­
ly sensitive fulminate of mercury and 
potassium chlorate is included in the 
bomb cap along with the tetryl. A fir­
ing pin sets off the fulminate which 
explodes the tetryl which in turn ex­
plodes the ' TNT. Thus, a few grains 
of fulminate of mercury initiate an ex­
plosion capable of demolishing massive 
buildings. 

Even detonators or primers such as 
fulminate of mercury and lead azide 
depend on the anti-social nature of 
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nitrogen for their sudden and violent 
reactions. The chemist pictures these 
detonators in Figure 7. (Hg stands for 
mercury and Pb for lead.) In the ful­
minate, mercury has little love for 
plebian, gregarious oxygen (for mer­
cury is a noble metal) and is quite 
willing to sever the degrading tie. 
Nitrogen, of course, is always willing. 
Carbon and oxygen are ever ready 
to get nitrogen out of the way and em­
brace each other. In lead azide note the 
tantalizing situation of the nitrogen 
atoms, almost-but not quite-free to 
go into triple-armed embraces. No won­
der lead azide is a fast-stepping deto­
nator� 

Most surprising, perhaps, of all ex­
plosives is a staid old friend. Every 
college freshman who takes chemistry 
has been introduced to ammonium ni­
trate-the chemist labels it N�N03. 
The freshman puts some of this white, 
innocent-looking material in a flask, 
heats it gently; bubbles appear, out 
comes a gas. This gas is the well known 
dentist's aide, nitrous oxide or laugh­
ing gas (N20) . Note what has hap­
pened-the hydrogen of the ammonium 
nitrate teams up with the oxygen to 
form two molecules of water (H20) 
leaving the two nitrogen atoms teamed 
up with one oxygen atom, thus: 

NH4NOs .. 2 H20 + N20 
The freshman whiffs the gas and 

imagines that he feels like laughing. 
He might feel Ius of laughter and 
more of awe, however, had he realized 
that he had just been handling one of 
the best high explosives known to man. 
He need not fear, however, for am­
monium nitrate is quite insensitive. 
Alone, it behaves as any gentlemanly 
chemical should-breaking up quietly 
into nitrous oxide and water when 
heated, refusing to explode even when 
dropped, sawed, bored, hammered, or 
shot full of holes. 

Mixed with TNT, or other high ex­
plosives, however, and strongly deto­
nated, it loses its gentlemanly behavior 
and in the contagion of the moment 
explodes with startling violence. This 
time it breaks up not into nitrous ox­
ide and wll-ter but into nitrogen gas, 
steam, and oxygen. 

In World War I there was a great 
shortage of toluene, basis of TNT. It 
could be obtained only as a by-product' 
in the production of coal gas. Strong 
measures were needed to maintain the 
supply of TNT. City gas mains were 
stripped of their small quantities of 
toluene. Still there was not enough. In 
desperation, almost, the scheme of di­
luting TNT with ammonium nitrate 
was tried. It worked. It not only 
worked; it even gave a superior ex­
plosive. 

Used first in small amounts, the per­
centage of ' ammonium nitrate was 
gradually increased till instead of being 
merely a diluting agent it became the 
main ingredient of this mixed explo­
sive. 

Today there is no shortage of toluene. 
Chemists have learned how to make 
it from petroleum products. The 'tails 
of long carbon chain hydrogen fes -
tooned molecules of gasoline are twisted 
to make toluene rings out of the 
chains. 

Even though there is no shortage of 
toluene or TNT in this war, even 
though we could now get on without 
using ammonium nitrate to dilute the 
TNT, there is little likelihood that we 
will try it-for the simple reason . that 
for many purposes the mixture is 
superior to TNT alone. Each ingredient 
complements the other. TNT is short of 
oxygen; ammonium nitrate has an .ex­
cess of oxygen. There is just enough 
extra oxygen in ammonium nitrate to 
tie up with the unhappy Mft-over car­
bon atoms in the TNT. The result is 
an explosive which is almost smokeless 
-and fully as powerful as TNT alone. 
If smoke is wanted, it is only necessary 
to. include a smoke box. This mixture 
of ammonium nitrate and TNT is 
known as amatol (abbreviated from the 
names) . Many other mixed explosives 
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also contain ammonium nitrate. The 
only necessary condition to be observed 
is that there be present a sufficient 
quantity of a more sensitive high ex­
plosive to set off the relatively insen­
sitive ammonium nitrate. Ammonal, 
containing a little charcoal and alumi­
num powder as well as amatol, ex­
plodes with a brilliant flash, making 
night observation of hits an easy mat­
ter. Dynamites often make use of the 
power locked up in ammonium nitrate. 

Truly this innocent, useful chemical, 
so harmless in a peaceful environment, 
can become a giant among explosives 
when properly teamed with other more 
active giants. It is indeed one more 
example of the versatility of these im­
portant nitrogen compounds. 

What happens when the firing pin 
of an artillery piece strikes the prim­
ing cap of a high explosive shell? Ful­
minate, on being thus crushed, emits 
a spark; combustible chemicals pick up 
the torch and carry it forward, en­
larged, to an ignition charge of black 
powder. Here real conflagration begins 
which is passed on to the main pro­
pellant charge of even-burning, high­
pressure-producing smokeless powder. 
The projectile can move only forward 
-and it does, gaining speed and power 
on the way. 

When this projectile strikes its tar­
get a similar process is repeated. This 
time the firing pin, driven backward 
(sometimes forward) , initiates a stream 
of fire through the detonator, through 
a train of black powder the length of 
which can be adjusted to time the in­
stant of explosion, to the booster tetryl. 
All these are in the cap. Then comes 
the culmination of this complex series;  
TNT lets go with all of its destructive 
fury. 

Explosives today have special jobs to 
perform. Roughly they are classed into 
primers, igniters, propellants, boosters, 
and bursting charges, but it is a rare 
explosive that does not have at the 
bottom of its structure and behavior 
the all-important anti-social key ele­
ment, nitrogen. 
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AVIATIIN Conducted by A L E X A N D E R  K L E M I N  

High·Oelooe Gos 
Whal Ellecl will Ihe Wartime Advances in Technology and Planl Facilities 

lhat are Giving Remarkable Fuels 10 Avialion have on Posi-War Uses, 

Air and Aulomolive? Will You Fly wilh IOO-Oclane Gas and, More Immedi­

alely Inleresling 10 Ihe Average Reader, Will You Drive With it? 

THE WAR has seen tremendous ad­
vances in high-octane fuel tech­

nology and in the growth of the nation's 
facilities for manufacturing such 
"super" gasolines. It is to be expected 
that the greater number of the new 
plants will be diverted to other pur­
poses once the war is over, but many 
will remain dedicated to their present 
uses. 

The heat contained in a fuel and air 
mixture has an equivalent in work­
possibilities, but it cannot all be con­
verted into work after completing its 
task unless temperature of the burned 
fuel at the exhaust is reduced to the 
deadly cold of absolute zero. In the in­
ternal combustion engine, of course, the 
burned fuel has to exhaust at tempera­
tures well above that of our ordinary 
atmosphere. Another factor which de­
termines the efficiency of heat conver­
sion into work is the highest tempera­
ture which the internal combustion 
engine attains during its working cycle. 

There is little to be done about the 
temperature of the exhaust, but the 
highest temperature attained within 
the cylinder can be raised by increas­
ing the compression ratio-the rise in 

Courtesy Standard 011 Company (New Jersey) 

pressure during the compression stroke. 
With a compression to 70 pounds a 
square inch, the efficiency of · the gaso­
line engine is only about 20 percent; 
at . 150 pounds it may be as high as 30 
percent. There is, however, a definite 
limit to the compression ratio and the 
resulting temperatures which it is pos­
sible to use in the engine, because 
when these are raised to a high point 
there may occur pre-ignition or detona­
tion-closely allied though not identi­
cal phenomena. 

Supercooling the engine is not the 
method of approach, since excessive 
cooling means loss of power. The mod­
ern alternative is to use fuels or doped 
fuels which will not knock at very high 
compression ratios and the accompany­
ing high temperatures. 

Besides inventing anti-knock fuels, 
chemists had to establish a measure of 
their qualities. Years ago they devised 
a method of grading by "octane num­
bers." It was found that a certain hy­
drocarbon, iso-octane, is a good anti­
knock fuel, while another hydrocarbon, 
normal heptane, is very poor. To the 
former is given the knock rating of 
100 ; to the heptane the value O. Single 

cylinder knock-testing engines are em­
ployed to measure these properties. If 
a fuel is found to have the same anti­

knock characteristics · as a mixture of 

70 percent iso-octane and 30 percent 

normal heptane, it is said to have an 
octane number of 70. 

Just because iso-octane has a rating 
of 100, there has arisen the miscon­
ception that 100 is the highest rating 
attainable. Nothing eould be farther 
from the truth. A fuel which has better 
anti-knock properties than iso-octane 
has a considerably higher rating. 

An ordinary automobile gasoline has 
a rating of 70 to 75. High-test aviation 
gasoline can easily have a 90- to 100-
octane number. 

FOUR SOURCES-Aviation fuels derive 
principally from different series of hy­
drocarbons-paraffins, . .  olefins, naph­
thenes, and aromatics-each with its 
own peculiarities and characteristics. 
There aTe innumerable ways in which 
the carbon and hydrogen combine, and 
the carbon atom can hold on to two or 
more atoms of hydrogen. Just the 
names of some of the combinations 
sound intriguing: methane, ethane, bu­
tane, hexane, and so on. It is on the 

arrangement of these atoms, straight­

chain and branched-chain; on the 

length of the molecule; and on similar 

properties; that anti-knock character­

istics depend. 
Not so long ,ago the petroleum refiner 

had to be content with using combina­

tions in the manner in which nature 

provided them, but now they are trans-

Simplified ftew diaqram shoWlinq production of lOO-octano qasoiine from crude 011 

262 SCIENTIFIC AMERICAN JUNE 1 944 



formed and combined in the most ex­
traordinary manner. 

A process called "catalytic alkylation" 
is used to combine hutylene and iso­
butane to form iso-octane and to pro­
duce combinations far superior to iso­
octane. The raw materials are intro­
duced as gases into the cracking coils 
of a refinery and, by cracking, by ap­
plication of heat and pressure, by distil­
lation, iso-octane and other anti-knock 
compounds are formed. 

With improvement in technology 
there has also come decrease in costs 
of production, and this decrease has 
come very quickly. The first commer­
cial plant to produce iso-octane by 
alkylation was built late in 1938, only 
a year before the war, but the price al­
ready has dropped from $20 to less than 
15 cents a gallon. Moreover, the rate 
of production of high-octane gasolines 
has grown to stupendous proportions­
how else could we keep our Flying 
Fortresses and Thunderbolts in the air? 

TEAR DOWN, REASSEMBLE-Modern 
aviation gasoline is the climax of a 
series of separate and, in some cases, 
extremely complicated, chemical pro­
cesses. It is no longer a question of 
merely distilling crude oil to "recover" 
its gasoline content. The modern fuels 
are synthetic products which result 
from chemically tearing apart the 
petroleum molecule and then reas­
sembling it into anticipated chemical 
patterns. We are indebted to the Stand­
ard Oil Company (New Jersey) for the 
simplified flow diagram shown in one 
of our illustrations. The crude oil is 
first heated in a specially designed fur­
nace, in which is started the first sep­
aration into the principal petroleum 
fractions-of which gasoline and "gas 
oil" are of principal importance as far 
as high-octane aviation gasoline is con­
cerned. 

The "gas oil" is "cracked," which is 
the chemist's name for a literal crack­
ing up of the petroleum molecule under 
heat. The cracking occurs in the pres­
ence of a finely dispersed catalytic pow­
der which is carried along with the 
vaporized gas oil during the cracking 
reaction. This powder controls the way 
in which the moecules are first cracked 
and then re-combined to form the de­
sired types of chemical compounds. 
Following the catalytic cracking, high­
grade aviation gasoline is separated 
for use as a base stock for super fuel. 
The gases produced in the catalytic 
cracker are compressed so as to sep­
arate highly important compounds 
which go to the alkylation plant. 

The alkylation plant in itself consti­
tutes a complicated chemical step. In 
the alkylation plant and under the in­
fluence of an entirely different type of 
catalyst, the specially segregated gases 
both from the crude and from - the 
cracking process are combined to form 
the high-octane synthetic aviation alky­
late. The final blElnd of 100-octane gaso­
line includes base stock, alkylate, and 
sometimes other special blending 
agents. To all this is added the requisite 
amount of tetraethyl lead. 

The flow diagram appears simple 
but when the process is realized in 
steel and other materials it is em-
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The "Baltimore Giant:' Standard's fluid catalytic cracker 

bodied in huge criss-crossed pipes, 
gaunt steelwork skeletons, and massive 
silhouettes of tanks and towers. 

It takes a year or more to build a new 
plant to make l00-octane gasoline, 
even in peace time. Yet in 1943 more 
than 72 new major plants were built, 
and the product output has been quad­
rupled, then doubled, then doubled 
again. The war-time expansion has 
been stupendous. The opinion has been 
voiced that after ' the war all this enor­
mous plant capacity will remain to 
provide 100-octane gasoline for every 
motorist. It is more correct to say that 
the manufacture of high-octane gas on 
this stupendous scale will not con­
tinue after peak military demand has 
ceased and the Government ceases to 
be a

-
willing customer of l00-octane 

regardless of cost. The facilities remain­
ing in active operation will, however, 
suffice to support military and naval 
aviation on a higher scale of opera­
tion than pre-war, to support commer­
cial air transport and private flying 
of great proportions, but will be used in 
the automobile on only a small scale. 

What does high-octane gas do for 
aviation? It allows us to crowd more 
power into the aviation engine, to use 
the gasoline more efficiently, and to 
improve military performance beyond 
measure. Thus, for the same gross 
weight at take-off a plane using 100-
octane gasoline can fly 20 percent far­
ther than a plane which uses only 87-
octane. A heavy bomber flying to an 
objective 1000 miles distant can carry 
five more mOO-pound bombs than one 
using 87-octane. Greater power for the 

same weight of engine means much to 
our airmen: the ability to carry better 
armament, more bombs, to fly from 
smaller fields. The American supe­
riority in making higher powered 
gasoline, and in making vastly more of 
it, is a vital element of our superiority 
in the air to the Germans .and Japa­
nese. 

THE REASONS-We can also define the 
beneficial effects in slightly more tech­
nical language: Engine power is direct­
ly proportional to the intake manifold 
pressure and the amount of supercharg­
ing. The higher the octane rating the 
higher is the permissible intake mani­
fold pressure without danger of detona­
tion. 

Again, the greater the knock rating 
of the fuel used, the higher can be not 
only the intake manifold pressure, but 
-also the compression ratio and the 
mean effective pressure in the cylinder. 

It is interesting to note that aircraft 
engines today are no higher in com­
pression ratio than automobile engines 
(with ratios varying from 6: 1 to 6.7: 1) . 
If their compression pressures are very 
much higher, this is because they are 
supercharged for power. This is the 
reason why the aviation engine is so 
much more susceptible to the wiles of 
high-octane gasolines. 

The improvement in airplane per­
formance with 100-octane gas is start­
ling but the skill of American tech­
nologists has gone even further, and 
they may, by now, have attained 130-
octane and even 160. Military secrecy 
guards further disclosures today but 
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newspaper stories carry hints of won­
derful things to come. Thus, Dr. Gustav 
Egloff, president of the American In­
stitute of Chemists, told a conference 
of the National " Association of Manu­
facturers that we now have an airplane 
fuel which is 50 percent superior to 
iso-octane and is likely to give the 
Allies even greater superiority in the 
air. The new "supergas" · is called trip­
tane (paraffinic - trimethyl - butane) . 
While the world has known of the gas 
for seven years, it is only now that 
methods have been developed by the 
Universal Oil Products Company for 
manufacturing triptane on a commer­
cial scale and the original price of 
$3000 a gallon has been reduced to 
less than $11 a gallon. The anti-knock 
properties of triptane are of such mag­
nitude that no commercial engine has 
been built which is capable of utilizing 
its full power value. 

Sun Oil also has a gas of great power 
--Dynafuel, 50 percent more powerful 
than standard 100-octane fuel. Dynafuel 
is never used undiluted but is blended 
with 100-octane gas. Other companies, 
no· doubt, have similar developments. 

In the motor car, gasoline is a vital 
element of cost. The average private 
owner .does not put a figure on his own 
Services while driving, and makes no 
analysis of insurance or depreciation 
costs. But mileage per gallon is likely 
to loom quite largely in his mind. In 
scheduled aviation the situation is 
quite different. Pilot's pay, deprecia­
tion, maintenance costs, and so on, are 
far more important than the cost of the 
fuel. Further decrease in the actual 
weight of fuel to be carried is a far 
more important matter than its cost. 
The payload of the airplane, particular­
ly on long ranges, is likely to reach a 
low percentage of its gross weight, and 
when the payload decreases the cost 
per ton mile increases inordinately. 
Hence, in civil aviation almost as much 
as in military aviation, the emphasis 
will be on specific fuel consumption 
rather than on fuel cost. Anything 
that increases the power and fuel econ­
omy of the engine therefore . is eagerly 
welcomed. Thus 100-octane gas at 16 
cents a gallon will be chosen without 
hesitation in· preference to 91-octane at 
13 cents. We venture the prediction that 
air transport will take the highest num­
ber it can get. 

IN YOUR CAR?-Predictions have been 
made regarding the use of 100-octane 
gasoline for the post-war motor car. 
We believe that these predictions are 
extravagant. Everything seems to in­
dicate that the post-war motor car will 
not be so very different from the 1942 
models. Manufacturers are much more 
likely to resume production on the 
proved models than to seek radical 
changes in design and delay resump­
tion of manufacture. And the pre-war 
cars did not really need much better 
gasoline than the 75-octane variety. 

There are avenues of approach to 
economy in the motor car other than 
in high compression and high-octane 
gas. Engine speed can be reduced, auto­
matic transmissions can help, lighter 
materials can reduce ground friction 
and therefore the horsepower. To take 
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full advantage of advanced gasolines 
we would need completely redesigned, 
expensive engines. Normal fuels will 
still be cheaper than the 100'-octane 
gas, and post-war trends are likely to 
be in the direction of economy. Fur­
thermore, our oil resources are de­
creasing and we shall be forced to use 
those methods which give us more fuel 
for a barrel of crude. Certainly, as a 
result of the war, we shall be able to 
buy at wayside stations fuel several 
octane ratings higher than pre-war. 
But, by and large, 85-octane is likely 
to be the highest Knock rating which 
can be used effectively by automobiles 
in the immediate post-war period. 

Mr. A. T. Colwell, Vice-President of 
Thompson Products, in a paper pre­
sented before the Society of Automo­
tive Engineers, has expressed some 
very interesting views. "We can make 
the fuel, but what about the automobile 
engines? There is nothing to be gained 
in using high-octane fuel in an engine 
not designed for its use-that is an 
economic waste of octane numbers. 
Greatest efficiency is obtained from fuel 
when it is on the verge of knocking." 
And again: "Only a portion of our 
high-octane fuel capacity-about 10 
percent of our total capacity-will be 
used by aviation after the war. The 
excess capacity will be available for 
automobiles, if it can he utilized." 

In conclusion: So far as aviation is 
concerned there is scarcely a limit to 
the octane rating of fuel which can be 
utilized and for which the industry 
will be glad to pay high prices. When, 
however, it comes to the post-war 
automobile, it is probable that the 
growth in use of high-octane fuels 
will be much slower-because the au­
tomobile engine of immediate post-war 
will scarcely need it, also because 
the trend will be to economy, and be­
cause our diminishing petroleum re­
sources will force us to be wary of 
producing high gasolines with lesser 
yields per barrel of crude.  

POWER EGGS 

ClaaDged iD Qaick Time OD 

Lockheed CODslellatioD 

, 0 REDUCE ground time in maintenance 
of a transport airplane is a: vital factor 
in operating costs. An example of prog­
ress in this direction is the Lockheed 
four-engined C-69 Constellation, in 
which it is now possible to make a 
complete change of power plant in 
27� minutes. Our photograph shows 
one of the steps in this quick change, 
which has been carefully timed by 
Lockheed design engineers. 

To achieve this remarkable inter­
changeability, particular attention was 
paid to the grouping of the lines, ducts, 
and connections at the fire wall, with 
quick disconnects of all units. Collector 
rings on the big Wright twin-row 
2200 horsepower engines exhaust 
through two jet-type tail pipes that 
protrude through the cowling of the 
power�egg itself. The nacelle is fixed 

Quick chanqe of power eqqs 

to the airplane at the fire wall by only 
ten bolts, all readily accessible. 

A regular sequence of disconnections 
is followed: Carburetor air-scoop re­
moved; disconnections started at fire 
wall; hoist sling secured; engine ready 
to be lowered; engine swung aside and 
lowered; new power plant swung into 
place preparatory to securing structural 
connections; engine in place; structural, 
electrical, hydraulic, and cable connec­
tions being made; new power plant 
completely installed, ready for pro­
peller-all in 27� minutes. 

TBE LOCKHEED LIGHTtrIJIG 

Is Now Fasler. 

Carries Heavier Load 

F OR SOME time many independent 
authorities clamored for long-range 
fighters to protect our bombers. The 
official answer was that the bombers 
were so well armed that they needed 
no fighter protection. But they did need 
protection, and our Flying Fortresses 
and Liberators could not possibly carry 
out the present damaging attacks on 
German cities and war plants without 
the aid of Thunderbolts and of the 
P-38, as the twin-engined Lockheed 
Lightning is called. It is quite true that 
we have introduced ' few new models 
to the war fronts since Pearl Harbor 
but, on the other hand, the models that 
existed before the war. have been im­
proved beyond all recbgnition. 

Thus the P-38 is now capable of fly­
ing over Berlin from British bases and 
is the twelfth model of the Lightning. 
It is now capable of carrying two 1000-
pound bombs-double that of any 
single-engine fighter-and packs the 
heaviest bomb load of any fighter­
bomber. The power has been increased 
from 2300 to 3000 horsepower. The rate 
of climb has been increased 100 percent 
at altitudes over 30,000 feet and mate­
rially increased at all altitudes, while 
service ceiling is well over 40,000 feet. 
Single-engine speed is now over 300 
miles an hour. Combat' maneuverability 
has been improved by mechanical aids 
to the pilot in the form of hydraulic 
aileron boosters combined with the old 
combat flap, while new power and tem­
perature controls facilitate the task of 
the pilot. Armament remains heavy. 
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IN OTHER FIELDS Conducted by The Staff 

Water Conditioning 

ONE OF the earth's most amazing 
chemicals is ordinarily taken 

completely for granted. That chemical 
is water. It may be either hard or soft, 
muddy or clear, good or bad tasting. 
Taste gets most emphasis, yet we drink 
only a quart or so ' of 'water a day, 
whereas we use 50 to 75 gallons daily 
for other purposes. 

Instead of being so concerned about 
the taste of water, we might better 
ask: Does it clog hot-water pipes with 
minerals? When mixed with soap does 
it produce a hard curd that seals pores 
and causes skin disorders? Does it leave 
a gritty deposit which makes hair dull 
and lusterless; shaving a painful daily 
ritual? 

Answering such questions as these 
keeps scores of research men busy. 
They work steadily to solve problems 
posed by that amazing fluid that gushes 
forth every time we open the tap at 
the kitchen sink. Yet few of these men 
have ever seen absolutely pure water­
rare among laboratory chemicals. Pure 
as the driven snow is a pretty phrase­
but as wrong as it is pretty. Even the 
snow that falls on the North Pole, even 
the rain that drenches tropical forests, 
is contaminated. It contains consider­
able amounts of dissolved gases, dust, 
spores. 

Because water is the universal sol­
vent, really pure water is never found 
in nature. To some extent it dissolves 
everything-even solid rock, glass, or 
gold. As it flows through rock , strata 
it picks up a little of everything it 
touches. It dissolves carbon dioxide, 
producing naturally carbonated water. 
When it dissolves natural gas in the 
ground, we see that amazing phenome­
non of water that gives off inflammable 
bubbles. 

This solvent action poses staggering 
problems for industry. As little as one 
part of iron in two million parts of 
water can wreck a textile mill by stain­
ing cloth. Traces of minerals upset the 
delicate chemistry of rayon making. 
Boiler scale, formed of the minerals 
left behind by hard water, is a costly 
hazard in power plants. 

Getting rid of unwanted water com­
ponents is the job ' of the research men. 
They have devised dozens of delicate 
chemical processes to do the work and 
are constantly seeking better methods. 
Many of them are at work in one of 
the most fascinating laboratories in the 
country-that of the Permutit Com­
pany. It is the world's largest labora­
tory devoted to the study of water­
conditioning problems. 
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Masler Chemical of All Chemicals, Waler Produces as Many Induslrial 

Headaches as iI Solves. However, Inlensive Research on Ihe Whole 

Waler Prohlem is Poinling Ihe Way Toward Trealment Methods Adaptahle 

to Almost Any Trouhlesome Silualion in Faclory or Home 

B y  J .  D .  R A T C L I F F  

Water hardness poses the biggest 
problems encountered by industry and 
householders alike. , Hardness is gov­
erned by the quantity of calcium and 
magnesium compounds dissolved in wa­
ter. Less than one grain (about one 
seven-thousandth of a pound) of these 
compounds per gallon makes water ob­
jectionably hard for certain industrial 
uses. For general household use, 
though, water that does not contain 
more than a few grains of hardness 
is usually considered· to be soft water. 

TWO THIRDS OF THE NATION-New 
England, the South (except Florida) , 
and the Pacific Northwest have fairly 
soft waters. The rest of the United 
States has hard water of varying de­
gree, the central tier of states having 
the worst problem. Thus, hard water 

E lectric Control Unit ___ --:. 

P.rmultt multiwoy va Iv. 
with built·in brine e jector 

is a headache to approximately two 
thirds of the people of the nation. 

Hard water smudges glasses, dishes, 
and silver, leaves a rancid, sour smell 
in linen. Minerals from such water are 
deposited in hot-water pipes-often re­
ducing the bore of a six-inch pipe to 
one inch in relatively short order. This 
scale has insulating properties virtually 
equal to that of fire brick. Thus, it 
wastes large amounts of the fuel used 
in boilers and water heaters. It forms 
in auto radiators and in engine-cool­
ing jackets, radically reducing effi­
ciency. 

The sticky curd that results when 
soap is lathered in hard water is costly 
to large linen users: Hotels, hospitals, 
sleeping cars. This curd lodges in tex­
tile fibers and may cut in half the life 
of sheets, towels, and pillow slips. Hard 
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Hard water inl.t -""""-4 __ �I� 
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;---Solt level indicator 
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loading 
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water is also a soap eater. To get the 
same amount of suds, hard-water Chi­
cago uses twice as much soap as soft­
water Atlanta. 

Some foods-especially beans, peas, 
lentils-are excellent water softeners. 
They take up the calcium in water, 
but they come out of the pot themselves 
hard and leathery. Some Westerners 
have their own measure of water hard­
ness: If cooked beans are ,edible, the 
water they were boiled in was soft 
enough for all practical purposes. Any 
householder can get a rough estimate 
of water hardness by examining the 
bathroom tumbler. If water permitted 
to dry in the glass leaves a hard, chalky 
film, the water is hard. 

Industrial water-conditioning prob­
lems pour into the laboratory. Locomo­
tives have to be laid up frequently 
while scale is removed " from boilers. 
The laboratory designs water-condi­
tioning equipment which costs $169,-
000; the first year it is used it saves 
the railroad $300,000. 

TYPICAL PROBLEMS-A filling station 
writes in. Local water is so hard that 
washed cars have � streaked, dirty 
look; car radiators are jammed with 
scale. A $200 water softener solves this 
one. 

A hotel has a problem. Its water 
tastes bad and contains so much iron 
that linen is being ruined. An activated 
carbon filter is supplied which removes 
taste, and special softening equipment 
is installed to remove iron and hard­
ness. 

A commercial swimming pool finds 
itself confronted with huge water bills. 
Equipment is designed which permits 
re-use of the water after treatment. 
Pool water is pumped through filters 
and chlorinated so that it comes out 
adequately pure and make-up water is 
reduced to a minimum. 

A beauty parlor complains that it is 
impossible to give good shampoos with 
the hard water from city taps. A small 
softener is installed. Incidentally, Mrs. 
Coolidge had a softener installed in 
the White House after visiting such a 
beauty shop. Windsor Castle has a 
water softener-and so has W. C. 
Fields! 

Specially treated water is essential 
in scores of industries: Oil, steel, mov­
ing pictures, radio, synthetic rubber, 
munitions, and so on. It is desirable 
elsewhere: In dairies and bottling 
plants to ' insure clean bottles; in laun­
dries where it accounts for soap sav­
ings up to 75 percent; in citrus packing 
plants where soft , water in washers 
gives oranges and grapefruit a clean, 
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When fabrics are washed in 

hard water. a sticky curd reo 

mains on the individual 

fibers de�pile thorough , dns· 
ing. This curd may act to reo 

duce the service life of the 

fabric by as much as SO 
percent. No s4ch deposit reo 
suits when soft water Is , used 

bright appearance, thus commanding 
a higher market price. 

The oldest method of water softening 
is achieved by adding lime and soda 
ash to precipitate the calcium and mag­
nesium. A newer method depends on 
minerals called zeolites, available in 
both natural and synthetic forms. These 
granular substances have the seeming­
ly miraculous property of softening wa­
ter. Pass water of any hardness through 
a bed of zeolite and it comes out of the 
bottom completely soft. The zeolite 
takes calcium and magnesium from the 
water and replaces it with sodium­
which doesn't contribute to water 
hardness. In time the zeolite becomes 
exhausted and has to be regenerated. 
This is done with common salt, which 
gives the zeolite fresh sodium. 

The base-exchange properties of zeo­
lites, by means of which sodium is ex­
changed for the calcium and magnesi­
um of hard water merely by passing 
the water through the zeolite, have 
been known for almost a century but 
no practical use of them was made until 
the early 1900's, when granular zeo­
ites were first manufactured and 
equipment was designed for using 
them in water softening. 

Chemically, a zeolite is a compound 
of a basic oxide, such as soda; an am­
photeric metal oxide, such as alumina 
or iron oxide; silica; and water. There 
are a number of amphoteric metals­
metals that can form either acids or 
bases-but the two most commonly used 
are iron and aluininum. By combining 
these materials in a rather lengthy 
process, synthetic zeolites can be pro­
duced which have distinctive properties 
for special purposes. Natural zeolite, 

which also requires processing before 
it can satisfactorily be used in water­
softening equipment, is commonly 
called "greensand," and is a mineral 
that was originally formed under pre­
historic seas. Today it is being mined 
by the open-pit method from deposits 
now on dry land. 

Automatic home water softeners us­
ing zeolite cost about $250 and will 
probably cost as little as $150 after the 
war, if present plans for mass-produc­
tion materialize. Even less expensive 
equipment is available for the same 
purpose if the user does not mind the 
minor inconvenience of occasionally 
operating the regeneration controls by 
hand. 

These home water softener units have 
much the appearance of two kitchen 
hot-water boilers sawed off to a 
height of about five feet. One tank con­
tains the zeolite, the other the salt 
for regenerating the softening chemical. 
About once a week-depending upon 
the amount of water that has passed 
through the zeolite-it is only neces­
sary to flip a switch on the automatic 
unit. This sets in motion the mechanism 
which backwashes the zeolite bed, re­
generates it with a salt solution, and 
thoroughly rinses it. Accumulated 
hardness is washed down the drain. 
With manually controlled units, the 
same action is . obtained through 
manipulating a couple of valves. 

Because of the staggering waste 
caused by hard water it seems likely 
that water softeners will be included in 
all post-war homes built in the hard­
water belt. One conservative estimate 
indicates that hard water costs the 
average family $117 a year--'in wasted 
soap, unnecessary plumbing bills, short­
ened life of linens, ruined foods. 

About 500 municipalities now soften 
city water supplies. Sarasota, Florida, 
for example, softens water from 65 
grains down to 5. Sea water is used in­
stead of salt to regenerate the zeolite 
softeners. 

SOAP SAVINGS-After such municipal 
systems are installed, soap sales nose 
dive, sometimes as much as 70 percent! 
Madison, Wisconsin, estimates that it 
saves its citizens $250,000 a year' in 
soap alone-in addition to such other 

Cut-away section of a horizontal concrete precipitating unit lor removing lID· 
, purities from liquids by precipitation. adsorption, sellling, and upward filtration. 

Such units are made in sizes handling from 1000 to 10.000,000 gallons a day 
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advantages that go with soft water as 
better tea and coffee, cleaner clothes, 
more refreshing baths. One water 
chemist boasts that he can make an ac­
curate estimate of water hardness in 
any city by drinking a cup of coffee or 
by looking at the complexions of the 
people! 

Large industries pay far more atten­
tion to boiler feed waters' than a mother 
does in preparing water for a delicate 
infant. Twenty-five years ago good wa­
ter was desirable ; today it is a vital 
necessity to them. In this period boiler 
pressures have gone up from 200 to as 
high as 1200 pounds per square inch in 
some cases. Even a small amount of 
scale in a high-pressure boiler is an 
expensive hazard. It causes overheat­
ing of the tubes, with consequent fail­
ures, and increases fuel and mainte­
nance costs. Scale is also objectionable 
and wasteful in cooling systems. One 
public utility saves $80,000 a year in 
fuel by softening the cooling water for 
its condensers. 

Til Howard L. Tiger, director of the 
Permutit laboratory, water isn't just 
something to drink-it is something to 
fix. He has spent 25 years, nearly all 
his professional career, working at it. 
Among other things, he has designed 
chemical treating plants which can con­
vert swamp water into the equivalent 
of distilled water, at a cost only one 
twentieth of that of distillation. 

This rich background of water ex­
perience stood Tiger in good stead when 
war came. The armed forces have in­
numerable water problems besides the 
one of providing safe drinking water 
for the men. Distilled water, for ex­
ample, is needed in large quantities for 
use in the batteries which provide 
pOWer for radio and telegraphic com­
munications. Carrying this water to 
the front was an awkward, time-con­
suming j ob. Did Tiger have any ideas? 

He and his helpers went to' work. In 
a few months' time they came up with 
a piece of apparatus, no larger than a 
suitcase. In seconds, this "demineral­
izer" converts the murkiest creek wa­
ter into water suitable for battery 
use. Here, agpin, zeolite came into ' the 
picture. By means of the small unit, 
the unwanted minerals, which would 
damage batteries if raw water were 
used, . are removed. The demineralized 
water is found to be every bit as good 
for the purpose as distilled water. In 
fact, the demineralizing process pro­
duces an effluent comparable with or 
lower than commercially distilled wa­
ter in mineral content. It is applicable 
to most fresh-water supplies but not 
to highly saline waters such as sea wa­
ter. 

SALT WATER MADE DRINKABLE-How­
ever, even sea water has yielded to the 
knowledge of the water experts. Flyers 
and seamen adrift on rubber rafts can 
now be supplied with a compact ap­
paratus which takes the salt out of 
sea water and delivers life-giving, 
potable water. 

Man has sought to solve this problem 
for centuries and has come up with 
some pretty bizarre solutions. These 
have included tiny gasoline stills, solar 
stills, and even a stomach still. In the 
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Water used in processing textiles 
is softened in th9ile zeolite units 

latter, the man adrift on a raft pressed 
a flask of sea water against his stomach. 
Body heat caused some of the water to 
vaporize, and it was condensed in a 
tube which trailed in the cold sea wa­
ter. There were chemical approaches, 
too, but they were all too complicated 
or too cumbersome. Then came the 
winner. 

The new apparatus consists of a 
plastic bag, about the size of an ice bag, 
and chemical cartridges the size of five­
cent candy bars. The bag is filled with 

LOCK NUTS 

Slay in Place. 

Save Weight 

O NE of the mechanical problems that 
has plagued industry from the begin­
ning has been that of securing machine 
and other parts which are subjected to 
vibration. Ordinary nuts, no matter 
how firmly they are turned into place, 
will loosen sooner or later as a result 
of vibration. Accordingly, many dif­
ferent methods have been devised to 
hold bolted fastenings securely. These 
methods have ranged from various 
spring lock washers through complicat­
ed pinning arrangements to unconven­
tional nut forms which exert a locking 
pressure in one manner or another. 

Aviation in particular is concerned 
with this vibration problem. Bolted 
connections must remain solid regard­
less of vibration. Thus when aircraft 
production went under forced draft a 

Principle of the Boots lock nut. 
as applied to a wing style anchor 
nut designed lor use on aircraft 

sea water and one of the cartridges is 
dropped into it. The chemical precipi­
tates the salts in sea water and they 
are filtered out. Each cartridge, whose 
composition is a war secret, produces 
a pint of drinking water-enough to 
provide the needs of a man for a day. 
This device has ' been adopted by the 
armed forces and is in wide use. 

Post-war applications of principles 
learned in water softening and condi­
tioning will have wide uses. The chemi­
cal swap-shop idea encompassed in the 
zeolites can be used to reclaim the 
factory wastes often dumped into rivers. 
Chrome, silver, gold, and other metals 
used in electro-plating are being ex­
perimentally recovered from liquid 
wastes. One process has' be.en worked 
out for reclaiming nicotine lost in to­
bacco curing. This should cut the cost 
of this valuable insecticide. Another 
method is available to reclaim pectin 
from citrus wastes. Pectin is the mate­
rial that makes jelly j ell. 

Such applications as these will be 
valuable to industry. But the home 
owner will be chiefly interested in 
better water. It will give the man of 
the house two to three times as many 
shaves with the same razor blade and 
save him money in other ways. For 
the housewife it means less labor spent 
scrubbing sinks, tubs, clothes. Hun­
dreds of thousands of home water 
softeners are now in use. Water con­
ditioning, now well past the experi­
mental stage, has thoroughly proved it­
self. It is here to stay. 

few years ago, recognition was taken 
of the fact that welding or riveting 
cOllld not do all the fastening j obs that 
must be accomplished; many parts had 
to be put together with threaded fast­
eners. These must hold regardless of 
vibration, yet must be capable of being 
unfastened quickly and easily. 

Into this gap came a type of lock 
nut that had been proved in service 
and which offered additional advant­
ages. It was made from sheet-metal 
stock and was light in weight, yet grip­
ped the threads of a bolt so tightly 
that no amount of vibration could dis­
place it. So light in weight is this lock 
nut that, it is reported, use of it has 
added over 1,500,000 pounds of carrying 
capacity to American fighting planes. 

Pictured in these colums is a cross­
section of one form of this lock nut, 
developed by Boots Aircraft Nut Corp­
oration. Here can be seen the one­
piece construction in which the thread­
ed part of the nut is divided into two 
sections. When this type of nut is ap­
plied, the bottom threaded section 
serves in the normal manner. How­
ever, since the threads in the · top part 
are out of lead with the rest of the nut, 
tightening of the connection establishes 
a constant force between the threads of 
the nut and the bolt, thus locking the 
unit firmly without damage to any of 
the threads. Axial thread play is elim­
inated. 

So successful has been the use of 
these nuts in aviation that they are 
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finding extended application in other 
fields. They are applicable, in a variety 
of types, to the solution of fastening 
problems on automotive equipment, 
farm machinery, industrial and office 
equipment, bicycles, household appli­
ances, and many other products. 

MILKWEED FLOSS 

Replaces Kapok in 

Life-Saving Garmenls 

, HE present intensive campaign under­
way throughout a large part of the 
United .States to collect milkweed floss 
for use in filling "Mae West" life vests, 
aviators' suits, and other critical life­
saving apparel is another example of 
the interchange of materials made 
necessary by war. The fiber from the 
tropical Ceiba or kapok tree has for a 
long time depended upon where the 
combination of high buoyancy, moisture 
resistance, and light weight were de­
manded. And the only place in the 
world with large kapok-producing 
plantations is Java. This means. of 
course, that we have been living on 
our reserves since December 1941, and 

Pod. floss. and seed of the milkweed 

that it will probably be several years 
before kapok is again available to us in 
the quantities required. 

Although kapok is a member of the 
Bombax family, botanically far re­
moved from the milkweeds, the fibers 
of both plants are surprisingly alike. 
Although kapok trees may exceed 100 
feet in height, compared with only a 
few feet . for the milkweed, both are 
similar in having pods from 4 to 6 
inches in length, filled with woolly 
haired seeds. And, strangely enough, 
the seed hairs or floss are also very 
much alike. The individual fibers are 
about 30 to 40mm long by .005 to .03mm 
in diameter, tapered, and with virtually 
hollow air cell some five or six times 
as wide as the thin outer wall. Both 
fibers have a silky, lustrous appear­
ance; both are light and soft; because 
of their springiness both fill confined 
spaces without packing; both are wax 
coated. While both are similar in the 
high alpha-cellulose and furfural con­
tent, milkweed floss . is slightly higher 
in lignin. The ash content of both is 
nearly identical. No other material 
known is closely similar to these two 
in chemical and mechanical properties, 
or in actual performance. 

Both have very high insulating value, 
milkweed being reported as slightly 
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better than kapok, and both better than 
wool or fur. Both are very high in 
buoyancy value, with milkweed ap­
parently retaining buoyancy a little 
longer. Milkweed has been found to 
be exceptionally resistant to storage 
deterioration and destruction by molds. 

Thus while many other materials can 
be employed as substitutes in the num- . 
erous places formerly filled by kapok, 
only milkweed wiU do in the all-im­
portant life-saving apparel. This is 
why every possible pod is needed this 
coming fall so that no American life 
will be lost for lack of sufficient life­
saving equipment. 

RAil TEST 

Accnralely Evalnales Waler 

Penelralion 01 Fabrics 

, HE tempest in a teapot has a serious 
scientific counterpart, the "cloudburst 
in a beaker." Simulating a heavy 
tropical downpour, a new rain tester 
has been devised for evaluating water 
repellent fabrics, now so widely used 
in military and c.ivilian garments. 

George A. Slowinske, of the Du Pont 
Company's Fine Chemicals Division, 
who designed the experimental appara­
tus, is one of the leading authorities on 
the subject of water repellency and is 
in charge of research in this field at 
the Technical Laboratory of the Du 
Pont Dye Works. 

The laboratory rain maker, which has 
been employed in work on numerous 
fabrics, may . still undergo changes be­
fore being offered in its final form. It 
consists of a shower head at the bottom 
of an eight-foot glass tube. At the top 
of the tube is a large vessel or beaker 
of water, supplied through a hose run­
ning up from the water faucet. This 
inverted shower bath arrangement pro­
vides a spray of uniform intensity, 
directed horizontally upon the fabric to 
be tested. The sample of cloth is 
clamped to a sl,lpport board held at a 
fixed distance from the shower head. 
But back of the cloth is a piece of 
blotting paper. By weighing the blot­
ting paper before and after the syn­
thetic rainstorm, one can calculate the 

Tesllnq water repellency of fabric 

amount of · water that gets through the 
treated fabric. This figure and the 
time required for the artificial rain­
storm to penetrate the fabric give an 
accurate measurement of the impact 
penetration resistance of the water-re­
pellent fabric. By shortening the tube 
one may simulate lighter rains. 

The rain test and other tests de­
veloped by Mr. Slowinske are expec�d 

Water forms qlobules. hence does 
not penetrate a water·repellent fabric 

to do much to remove the guesswork 
from the fabrication and sale of rain­
wear, ski suits, jackets, and other 
water-repellent garments. "Proper 
construction of the fabric and the gar­
ment are necessary," Mr. Slowinske 
says, "in order to obtain the full bene­
fit of the chemical treatments. The 
chemicals used, including 'Zelan' dur­
able water-repellent, make the in­
dividual fibers shed water without clog­
ging up the pores which permit the 
garment to breathe. Therefore .  the 
cloth must be woven closely enough so 
that rain won't go through the pores. 

"It has been appreciated for some 
time that" two thicknesses of a suitable 
treated fabric will invariably give bet­
ter protection against rain than a 
single thickness of even the best heavy 
fabric and that added protection can 
thus be achieved without increasing 
the garment weight. 

"Through investigations with the rain 
tester it has been further found that 
the rain penetration through the outer 
layer of cloth is surprisingly dependent 
on the type of lining fabric used. Less 
rain gets through the outer layer if 
the inner one is of a resilient material, 
such as a light flannel, thim if it · is a 
thin, non-resilient fabric. The springy 
lining seems to cushion the blow of the 
rain drops, so there is less tendency 
for them to penetrate the outer fabric. 
The protective qualities of the garment 
can be even further increased by ap­
plying a water repellent to the lining." 

POST-WAR GAS 

WUl be a Versalile Fnel. 

High in Oclane Raling 

POST-WAR airplanes may be designed 
to use the same gasoline as post-war 
automobiles, Thomas H. Risk, refinery 
technologist of Ethyl Corporation, pre­
dicts in a survey of fact.:>rs affecting the 
anti-knock performance of peace-time 
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gasolines. Ethyl gasoline with an oc­
tane number of 85 to 88 will make this 
dual function possible, Mr. Risk says. 

Such gasoline will be comparable in 
anti-knock quality to the 87-octane 
aviation gasoline sold prior to the war. 
Hence it is conceivable that many of 
the post-war planes, estimated at 500,-
000 by 1950, will be designed to use 
premium grade motor fuel rather than 
a special aviation gasoline, the survey 
points out. 

Values of 85-octane number for 
premium fuel and 79-octane number 
for regular fuel are indicated for as 
early as next year, should the war end 
that soon. Refinery equipment now 
under construction will have been com­
pleted by 1945 and therefore available 
for peace-time production of gasoline. 

Owing to tremendous advances in re­
fining technology during the war and 
to other important factors, laboratory­
determined octane numbers alone (such 
as the American Society for Testing 
Materials figures quoted here) will not 
tell the full story of anti-knock quality 
of post-war fuels, it is declared. New 
characteristics derived from improved 
refining processes and new blending 
stocks will result in better performance 
than even the higher post-war octane 
numbers indicate, Mr. Risk explains. 

"Besides octane number, the chemi­
cal composition . of the fuel, the engine 
that will use the fuel, and the type of 
transmission used in the vehicle, all 
will affect the anti-knock quality of 
the gasoline on the road. Yet, lab­
oratory octane number is the only 
yard-stick we have at present with 
which to estimate the post-war anti­
knock quality of gasoline, because there 
are, of course, no post-war cars in 
which to test the new fuels. 

"Post-war prosperity, or the lack of 
it, will affect public demands for gaso­
line quality," Mr. Risk continues. 
"Other factors that must be considered 
include the probable condition of en­
gines in older cars and the anti-knock 
requirements of new cars. Therefore, 
because of post-war uncertainties, the 
amount of premium grade gasoline sold 
may be anywhere between 10 and 20 
percent of the total production." 

Aviation fuel after the war is ex­
pected to account for 6 to 8 percent of 
all gasoline produced as compared to 
only 1 to 2 percent in pre-war days. 
This is approximately a four-fold in­
crease, and reflects the effects of war­
time expansion on future aviation 
gasoline demands. 

Capacity to produce aviation fuel will 
greatly exceed the forecasted peace­
time demands by the time the war is 
over, says Mr. Risk in discussing what 
is likely to happen to new refinery 
equipment when the war ends. 

"Conceivably the petroleum industry 
could continue to produce 100-octane 
gasoline up to the full limit of capacity 
and dump the excess into motor gaso­
lines. To determine the effect of this 
procedure, an estimate of post-war 
aviation gasoline consumption is re­
quired. Estimates of this demand vary 
considerably from about 50,000 barrels a day to 150,000 barrels a day. 

"Due to wartime restrictions, the ex­
cess cannot be stated in actual figures, 
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but it has been estimated that, if the 
excess post-war aviation gasolines were 
used in this manner, the over-all effect 
would be a two to three octane-num­
ber increase in motor-gasolirie octane 
number. This relatively slight increase 
in octane number would be expensive 
since aviation gasoline costs the re­
finer considerably more to make than 
motor gasoline. 

"It is, therefore, much more likely 
that new refinery equipment not need­
ed to make aviation gasoline after the 
war will be used more directly to 
produce gasoline suitable for automo­
biles, trucks, and buses. The exact 
manner of utilization will vary within 
the industry and will be based on such 
factors as relative demand for various 

grades of fuel, that is, aviation, prem­
ium, housebrand, and third grades; 
general refinery economics, that . is, 
equipment available, crude supplies, 
and so on; and post-war car require­
ments and comparative demands." 

FLUORESCEHT LAMPS 

Will he Made in 

New Forms Posl·War 

DESIGNED to meet the lighting needs 
of the post-war era, two entirely dif­
ferent shapes of fluorescent lamps, one 
circular to fit inside the shades of floor 
and table lamps, the other a long, slen­
der tube only three quarters of an inch 
thick, will be manufactured as soon as 

You're as Young as Your Vision 
Of course, eyes cannot ac­
tually be made younger, 
even under modern scien­
tific care. But usually they 

can be given again the keen, comfortable 
vision they enjoyed years ago. That is im­
portant to veteran craftsmen now called on 
for long hours in the service of their coun­
try. It is. important to, you, in your work, 
for yoUr future. 

Not many people realize the great ad­
vances made in conserving human vision 
during the past few years. And not many 
know, either, the high precision of modern 
eye examination or the visual comfort and 
keenness that professional skill is able to 
restore. If you have the slightest suspicion 
that your eyes need attention, see that they 

get it-promptly. Glasses may not be 
necessary. 

Whether glasses are needed or u"., 
neglect cannot help. The only help avail­
able to you is the professional and technical 
skill of the ophthalmologists, optometrists 
and opticians in your community who have 
made a lifework of visual care. They know 
what can happen to your vision. You don't. 
Better consult one of them today, 

B A U S C H  & L 

1 8 5 3  

Maker! oj fJp,tical Glass and a Complete L ine oj Optical Instruments jor M ilitary 
Use, EducatIon, Research, Industry and Eyesight Correction and Conservation 
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Wood chips are carried to the dis­
tillation retort on a conveyor belt 

war conditions permit, the Westing­
house Lamp Division announced re­
cently_ 

The circular lamps will be used in the 
home for portable lamps and in many 
types of ceiling and wall fixtures 
throughout tBe house. They could be 
used either alone or in combination 
with ordinary types of incandescent 
lamps. 

While the new long, slender fluores­
cent lamp may also be used in the 
home, its chief advantage will be in ad­
vertising display and show-case lighting 
and for locations where long lines of 
continuous light are needed to har­
monize with an architectural design. 
Because of its additional length-three 
feet longer than the largest fluorescent 
lamp now made by Westinghouse-it 
will be better adapted to many special­
ized types of lighting than the more 
usual size ' of fluorescent lamp. 

WOOD DISTILLATIOI 

Carried oa al High Temperatare 

To Oblaia Grealer Yield 

A WOOD distillation process introduced 
on a commercial scale by Henry Ford 
20 years ago is today providing the 
United Nations with quantities of badly 
needed chemicals. Known as the Ford­
Stafford process, it is employed at the 
wood distillation plant located at Iron 
Mountain, Michigan. 

Operating on a 24-hour basis, the 
plant is producing such vital war-time 
chemicals as ethyl acetate, a solvent 
used in quick-drying lacquers for 
trucks, tanks, jeeps, and other war 
vehicles; denaturing grade methanol 
used for making denatured alcohol ; 
chemically pure menthanol, quantities 
of which are used in making plastics ;  
and methyl acetone and acetate, sol­
vents used in war plants. 

Originally most of these chemicals 
were regarded as by-products, with the 
production of charcoal being the real 
objective. The demands of wartime 
industries, however, have altered the 
picture until the chemicals are as im­
portant as the charcoal. 

In the usual type of distillation plants 
an intermittent process is used whereby 
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cord wood up to six inches in diameter 
is placed on small cars and trundled 
into horizontal ovens. The walls are 
then heated, and as the wood slowly 
carbonizes the resultant vapors are 
drawn off. It is from these vapors that 
the various by-products are obtained. 

Under this older process, tempera­
tures must be limited t<> around 600 
degtees to prevent damage to the 
equipment. Time also is lost in loading 
and unloading the retorts. 

The Ford-Stafford continuous pro­
cess utilizes a vertical, thick-walled re­
tort about 40 feet high. The wood is 
chipped by running it through a 
grinder, then is fed into the top of the 
retort. The retort is heated to 1000 de­
grees. The released vapors create an 
exothermic reaction which maintains 
the 1000 degree temperature. 

Charcoal, drawn off at the bottom of 
the retort, is compressed into briquettes, 
while chemical-producing vapors are 
drawn off from the top through con­
densers. Wood chips are added, as re­
quired, to maintain a level seven feet 
from the top of the retort. 

The maintenance of higher tempera­
tures not only produces 'better charcoal 
by extracting more volatiles, but yields 
a greater volume of chemicals per ton 
of wood. 

RUBBER COATIIG 

Prolects Propeller Shalls 

From Electrolylic Actioa 

A SUCCESSFUL solution to the menace of 
destructive electrolytic action, which 
eats away the propeller shafts of Navy 
subchasers, minesweepers, and other 
wooden vessels, has been found to be 
synthetic rubber flame-sprayed onto 
steel propeller shafts by a new process, 
according to the Schori Process Corp­
oration. Heretofore, bronze propellers 
fitted to steel shafts on wooden vessels 
produced an electrolytic action through 
the union of two dissimilar metals in 
salt water, with the result that the shaft 
is so eaten away within a few months 
that it cannot stand up under the high­
speed operation. 

After nearly a year of experimenting 
with flame-sprayed plastics, which all 
proved too brittle and could not be 
easily ground for spray-gun operation, 
Schori engineers found that · Thiokol 
synthetic rubber could be sprayed on 
the shaft while in position on the ship. 
The molten rubber hardens rapidly to 
form a firmly bonded coating with an 

Flame-spraylnq Thlokol onto a pro­
peller shalt to prevent eiectrolyeis 

extremely high abrasion resistance. 
Since the shaft is completely protected 
from contact with the sea water, there 
is no opportunity for corrosion or pit­
ting to set in. 

This same coating can also be used 
advantageously to coat the interior of 
bronze valves on salt-water pipelines, 
low temperature condenser plates, and 
other inaccessible but vulnerable un­
derwater portions of steel vessels, it is 
stated. 

TRANSPAREIT TUBING 

Resists Sol veals. Has Maay 

ladastrial Applicalioas 

SOLVENT-PROOF, . rubber-like, transpar­
ent tubing, made of compar, a type of 
vinyl resin developed by Resistoflex 
Corporation, is finding a number of 
uses in aircraft and other industries. 

In the laboratory, its transparency 
permits constant inspection of the con­
tents. Because the tubing is tough, 
strong, and inert to almost all organic 
solvents it is highly useful for low­
pressure, room-temperature handling 
of these hard-to-handle materials. It 
is not affected · by even such active 
solvents as carbon disulfide, carbon 
tetrachloride, trichlorethylene, perchlo­
rethylene, acetylene tetrachloride, 
benzol, and toluol, or by oil,s and fuels 
such as high-octane gasoline with the ' 
highest aromatic content. 

Having the lowest permeability to 
gases of all natural and synthetic rub­
ber-like materials and being unaffected 
by such gases as freon, methyl chloride, 
methyl bromide, phosgene, mustard, 

Transparent. solvent-proof.. rubber.-like 

propane, butane, and water gas, further 
applications for compar tubing are im­
mediately apparent. When used on Bun­
sen burners or other laboratory ap­
pliances the tubing does not absorb the 
protective odors with which illuminat­
ing gases are usually loaded and, there­
fore, prevents the laboratory atmos­
phere from being contaminated by 
them. 

One of the many interesting applica­
tions which has been developed recent­
ly and for which transparent compar 
tubing has been used with greatest 
success in the aircraft industry, is as 
temporary instrument lines for test 
flights. Filled with mercury, its trans­
parency permits taking moving picture 
records of the fluid movements during 
test flights, thereby making possible 
an accurate check of the flight instru­
ments. Another application for which 
the translucent tubing has proved well 
adapted is as a cover for conveyor 

'hooks passing through degreasing op­
erations. 

While transparent compar laboratory 
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tubing is extremely tough and strong 
it is not generally recommended for in­
dustrial applications which now employ 
fabric reinforced hose constructions 
containing tubes or cores of other com­
par formulations. Resistoflex hose and 
hose assemblies, using compar, are 
widely employed for aircl'aft instrument 
and hydraulic lines, fuel and oil lines 
on industrial machinery. 

BOT PROPS 

Ice For",alion Prevenled 
By Healed "Skin" 

ONE of the most persistent enemies of 
safe flying-formation of ice on pro­
pellers of planes in flight-is now being 
overcome by a new electrically heated 
propeller "skin," made in part of a 
special conductive synthetic rubber, 
that enables the propeller surface to 
warm up like a sick-bed heating pad. 

The new heated propellers, to which 
dangerous "ice in the sky" cannot cling, 
were developed in conjunction with the 
National Advisory Committee for Aero­
nautics and are now, following tests, 
being installed on planes destined for 
icy-region operation, it is announced by 
The B. F. Goodrich Company. 

The "skin" is made of a combination 
of two kinds of synthetic rubber, the 
outer surface being a thin coating that 
is tailor-Il)ade to conduct electricity in­
stead of blocking its flow. 

Since the current comes from a gen­
erator attached to the shaft, the pro­
peller can be kept warm and ice-free 
as long as the engine is running. When 
there is no danger of icing, no current 
is passed through the skin. It simply 
rides the propeller, cemented perma­
nently in place and conforming . exactly 
to its shape so as not to interfere with 
aerodynamic design or performance. 

ELECTRICAL CHALLENGE 

Many Things Yel Unlearned Aboul 

Ulilizalion 01 Electricily 

A FULLER utilization of the more than 
80 "octaves" of the ether spectrum of­
fers perhaps the greatest promise of 
bringing a fuller, healthier, and longer 
life to mankind in the postwar era, ac­
cording to Samuel G. Hibben, noted 
lighting authority and director of ap­
plied lighting for the Westinghouse 
Lamp Division. 

"When we speak of an 'octave' in the 
ether spectrum," Mr. Hibben explains, 
"we are using a term that denotes an 
electrical frequency twice as great as 
some other frequency, just as in music, 
when a note has tWice the frequency 
of another, we speak of it as being an 
octave above it in pitch. 

"In one limited region of the light 
spectrum, comprising about three 'oc­
taves' of electrical radiation," Mr. Hib­
ben decla.res, "we ' have achieved 
particularly interesting developments. 
Expressed in terms of angstrom units, 
the unit of measurement by which we 
denote the length of light waves, the 
radiations within this span of three 
'octaves' range all the way from 2000 to 
approximately 16,000 angstrom units. 

"That is the limited span in which all 
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Ingenious N ew 
Technica l Methods 

Presented in the  hope that they wil l  
prove interesting and useful to you. 

Precis ion Ground Glass Gages 
Afford Visibi l ity in Inspection 

In  the hands o f  the skilled mechanic, glass gages 
bring an important plus function to precision gages. 
It not only checks the new tool's size, but gives the 
inspector an idea of what kind of surface to expect 
from that particular tool. The visibility permitted 
by the glass gage allows the inspector to see the 
surface in blind holes as well as through holes. 

Some of the apparent advantages of the glass 
gage follow: Glass gages afford visibility in inspec­

tion. Glass gages are qot subj ect to corrosion. 

There is less tendency to gall in some applications. 

Sense of feel is more pronounced when using glass 

gages. Because the thermal conductivity of glass is 

less than steel, bo dy heat of inspectors will not be 

transmitted so rapidly to the gage to affect gaging 

dimensions. 

Chewing gum, too, is really useful and helpful 
in these tense times to people who are working o n  
t h e  production front making .material for o u r  war 
effort. But, our Armed Forces have been constantly 
increasing their demands for Wrigley's  Spearmint, 
Doublemint and Juicy Fruit_ It i s  only natural that 
we and you both feel that the needs of our fighting 
men and women come first. 

You can gel complete information from 
Indll.ftrial Gla,fJware Division of the 
T. C. Wheaton Co. ,  Millville, N. j. 

Glass gages are not subiecl to 

corrosion or rust 

Visual inspection of surface 

coincident with i nspection 

for size. 

Y- 1 1 3  

the outstanding lighting progress we 
have made has been achieved. But 
there still remain some 77 'octaves' of 
light radiations-more than 25 times the 
'territory' we hiwe so far covered­
about which we know very little and 
which offer a fertile field for research. 

vapor lamp which has proved such a 
valuable aid in the lighting of large in­
dustrial areas and for supplying power­
ful searchlight projection. 

"Within the present explored range 
there are many outstanding develop­
ments_ One of these is the infra-red 
heat lamp, now filling many industrial 
heating and drying needs in the na­
tion's war plants. This lamp seems 
destined to become a popular device in 
the home and on the farm, not only for 
supplementary spot heating, but also 
for animal husbandry, regulation of 
plant growth, and humidity control. 

"In this same range, also," he con­
tinues, "is the high efficiency mercury 

"In the near-ultra-violet region, we 
have discovered that sources of elec­
trical energy can be used to produce 
'black light' for the excitation of fluor­
escent dyed materials such as carpets 
and upholstery fabrics, to aid crime 
detection, and for food and drug an­
alyses. 

"Delving further into the ultra-violet 
region," Mr. Hibben reports, "we find 
an increasing interest in radiations used 
to reproduce anti-rachitic sunshine, or 
for general health maintenance, while 
still further down the scale we find per­
haps the most important tool of all, the 
ultra-violet lamp which is used to kill 
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Spraylnq an adhesive sound dead· 
ener on the interior surface 01 a 
metal housinq. Riqht: A number 01 
pliable adhesives have been devel· 
oped lor bondinq a wide ra�qe 01 mao 
terials. both porous and non·porous 

pathogenic bacteria and spores of the 
mold-fonning fungi. This device gives 
promise of controlling many types of 
infectious diseases and should prove a 
valuable tool in the field of air condi­
tioning. 

"Since we all hope to do tomorrow's 
jobs better than we have in the past," 
Mr. Hibben emphasizeil, "it is gratifying 
to realize the scientific progress we 
have made to date. However, many 
'unknowns' await the future scientist 
and we must not be complacent about 
what we have accomplished when so 
much still remains to be 'done. 

"For example, we would like to know 
how to obtain 100 lumens per watt, or 
one sixth the possible efficiency from 
a light source; how to obtain two colors 
from the same electrical discharge in 
a gas or vapor; how to develop indoor 
sunshine for a vegetable garden in the 
basement and for comfortable seeing 
in the factory. These and many other 
scientific problems await our solutions. 
Herein lies the challenge to our scien­
tists of the future." 

ADBESIVES 

Do More Iban Boad 

Malerlals Togelher 

ONE of the significant trends in in­
dustry, under the impetus of war . pro­
duction, has beeri the increase in the 
use of adhesives. This development 
refers to pliable adhesives for bonding 
materials together-impervious mate­
rials such as metal to glass, formica; 
Masonite, and metal to metal; materials 
of impervious and porous natures such 
as metal to leather; and two porous 
surfaces such as leather to wood. 

Varying uses require different types 
of adhesives. Thus, for example, more 
than seven hundred types of industrial 
adheSives have been developed in the 
laboratories of the Minnesota Mining 
and Manufacturing Company. Before 
the outbreak of the war and the sudden 
widening of adhesive horizons which 
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followed, the automotive industry was 
the largest and most consistent user of 
industrial adhesives. 

Adhesives have numerous other uses 
than that of bonding materials together. 
Sealers, for example, have been de­
veloped to meet special war production 
requirements, such as sealing riveted 
joints in airplane gas tanks, sealing 
plane pressure cabins" , sealing naval 
gasoline storage tanks, and a variety of 
related uses. 

. 

So many problems have been solved 

easily and inexpensively with sealing 
compounds that if there is anything 
certain about post-war industry it is 
that it will depend heavily on the 
time- and money-saving properties of 
this type of adhesive. 

Another type of adhesive with an as­
sured future in post-war industry is 
used for coating purposes. During the 
last three years, with the war in­
dustries practically cornering the sup­
ply of metals, the only hope many in­
dustries had of carrying on at all was 
to find suitable substitutes. In this 
field adhesive coatings have proved to 
be veritable life savers. They have 
proved efficient as protective linings in 
pickling and plating vats, in heater 
tubes, and as protection against the 
corrosive action of exhaust gases. An­
other large use of this type of adhesive 
is for coating the underbodies of auto­
mobiles, trucks, and passenger coaches 
on railroads as a protection against 
abrasion, rust, and corrosion. 

Adhesive coatings can be applied by 
brushing, dipping, or spraying. The 
most · efficient method of application is 
determined by the shape and size of 
the object and the type of compound 
used. Insulation against heat, cold, and 
noise for post-war automobiles, buses, 
railroad coaches, and airliners, will be 
much simpler and more economically 
applied in those post-war days which 
seem to hold so much promise for 
American industry. 

HEW RESIRS 

How Available. Oller Wide 

Raage of Claaraclerislics 

, HE NAl\IJE "Geon" has been chosen for 
a group of unique polyvinyl resins 
which are now available to industrial 

users. Geon, ' from the root word geo 
(the earth) was selected because the 
basic raw materials from which these 
polymers are derived have mineral 
origin, according to The B. F. Goodrich 
Company. 

Coating of fabrics, paper, foil, and 
other materials, insulation of wire, 
manufacture of film for packaging, and 
the manufacture of extruded and 
molded products are among the prin­
cipal fields for Geon resins. Purchases 
of any of the resins are subject to al­
location by the War Production , Board 
under General Preference Order M-I0, 
under which the polyvinyls are allo­
cated, although reasonable quantities are 
available for experimental purposes. 

Two chemical types are offered cur­
rently. The Geon 100 series are special 
vinyl chloride polymers characterized 
by their thermal and light stability, 
toughness, and chemical inertness. The 
Geon 200 series was created to meet the 
need for polyvinyls which combine in­
creased solubility and thermoplasticity 
with exceptional stability, chemical re­
sistance, and wide useful temperature 
range. Their resistance to hydrolysis 
by boiling water or even hot alkali is 
outstanding in the field of vinyl chloride 
copolymers, and like the Geon 100 series 
they have unusual stability to light and 
heat. 

When compounded with other mate­
rials, Geon resins can be processed in 
many ways, including injection and 
compression molding, extruding, cal­
endering, and solution coating. 

Compositions varying from the rigid 
thermoplastic to a very soft jelly can 
be obtained by modifying the Geon 
resins with other materials. Each com­
position exhibits to a high degree the 
many desirable characteristics of the 
base resin used. 

Tailor-made formulations can be sup­
plied for special purposes. It is pointed 
out that, because these materials can 
be varied so widely in useful properties, 
it is greatly to the advantage ' of the 
prospective user to consult the manu­
facturer in choosing a compound formu­
lated to fit a specific need. 

TOMORROW'S AIRPORTS 

Masl be PlaBBed He. 

ror Maay Purposes 

AIRPORT planning is the lazy giant of 
post-war aviation that must be put to 
work immediately if the vast poten­
tials of commercial and private flying 
are to be attained, according to C. Bedell 
Monro, President of Pennsylvania-Cen­
tral Airlines. 

"The two undeveloped wings of avia­
tion planning now are airport develop­
ment and private flying," says Mr. 
Monro, "and among the major tasks 
of the entire aircraft industry are the 
development of programs to meet the 
needs in these two fields. 

"PCA has been studying methods of 
helping the private flier, and we feel 
that the airlines, with their huge main­
tenance base facilities, their know-how, 
their experience in aircraft upkeep, and 
their other facilities such as weather 
forecasting and dispatch procedures 
should provide concrete and reasonable 
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access to these facilities for the private 
flier, especially during the period after 
the war when these facilities will not 
be readily available in many places. 

"But this will not be enough," con­
tinued Mr. Monro, "unless airports are 
blueprinted today to handle a minimum 
amount of air traffic. Even the most 
conservative estimates mean that im­
mediately after the war the airports of 
this nation will have to handle at least 
three or four times the volume of plane 
traffic handled before the war. Many 
American cities will be left grounded 
and many Americans will be denied 
the full benefits of air transportation 
for several years unless the blueprints 
are drawn today. 

"Airports cannot be built overnight, 
in weeks, or even in months. And even 
though we have acquired hundreds of 
new fields during the war, many of 
them are not so situated as to be avail­
able for use by cities. Many have been 
engineered for war and not for peace. 
Many are off the beaten track, and civic 
airports can only be brought into being 
after periods of planning and even 
longer periods of construction. 

"There are some enterprising and 
far-sighted American cities that are not 
only studying and planning their airport 
needs, but which will be ready to meet 
the advance of the air age. But for 
every such prepared city there are hun­
dreds of unprepared communities where 
inertia will lose for them the full bene­
fits of the air tomorrow. 

"Not only are airports essential for 
the business life of a city, but they can 
play a major role in providing jobs 
for the several million men in the Air 
Forces, many of whom will be looking 
to aviation for employment when they 
return home. For many, it is their 
only vocation, and our responsibility to 
them is staggering. It can only be met 
if we here at home prepare now, with 
what we have, to provide jobs for them 
when they return. 

"CIties must study the whole en­
compassing picture of tomorrow's avia­
tion-it is not enough to build large air­
ports solely for commercial opera­
tions. Hundreds and thousands of per­
sons will want facilities for private 
flying. These facilities will mean busi­
ness and progress. They will mean a 
strong and safe America, for it is only 
through the development of millions of 
flying youth that the nation can remain 
in the forefront of the flying race-and 
to lag in that race will mean doom in 
the world of tomorrow." 

GERM KILLING 

Can be Accomplished in 

Air-Condilioning Planls 

UTILIZATION of air-conditioning plants 
in motion picture theaters, schools, and 
other public gathering places, to "re­
duce the menace of airborne infection" 
through "sterilization and purification 
of air supplies by ultra-violet light" is 
urged by G. Morley-Davies, District 
Health Officer, Bristol (England) Public 
Health Department, in a scientific paper 
published in the British magazine 
Municipal Engineering. 

"Now that excellent air-conditioning 
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plants are available and have been 
installed in so many large and com­
modious public halls and meeting 
places, it is time someone gave a mod­
icum of thought to the important matter 
of sterilizing and purifying the air 
after it has passed through the usual 
mechanical processes, whereby it is 
washed, warmed, or cooled and is on its 
way into the auditorium," Mr. Morley­
Davies states. 

"Recent research in the world of 
electricity has brought into use the ul­
tra-violet rays of light, and shown their 
amazing powers where sterilization is 
concerned. These ultra-violet lamps, 
when in action, can kill almost all 
bacteria that come within a range 
which can be quite large in its extent. 
The ultra-violet lamps so far developed 
have demonstrated their high efficiency 
and it has been shown that their effect 
on germ life is devastating. Experts 
have shown, through the microscope, 
many colonies of disease germs floating 
about in enclosed air, suddenly rend­
ered completely inactive when the ul­
tra-violet lamps have been brought in­
to action against them. 

"Germicidal lamps are definitely go­
ing to find a place in air condition­
ing some time in the future. It is not 
sufficient to wash the air going into a 
building; it will have to be thoroughly 
filtered and treated germicidally as 
well. It is known in medical circles 
that blacked-out atmospheres incubate 
and spread disease germs quicker than 
any other. The cinema must. come un­
der suspicion in this connection. Few 
cinemas can be flooded with sunlight 
during the morning, and it is well 
known that sunlight is one agent that 
keeps national illness and disease down 
to its present satisfactory level. Where 
sunlight cannot enter, then disease 
germs will thrive and flourish. 

"It is my opinion that in the not so 
far distant future every cinema audi­
torium will be fitted with several of 
these ultra-violet lamps, suitably ar­
ranged to flood the whole of the at­
mosphere inside the theater with 
health-giving ultra-violet light. This is 
not visible light, of course, and it will 
not affect the requisite darkness of the 
auditorium. I have not yet heard of 
this being done anywhere, not even in 

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

War production demands uniform accu­
racy. Loss of time or the waste of scarce 
strategic materials because of variations 
in machining cannot be tolerated. There 
is no place in our war production plan 
for equipment that cannot be relied upon 
to maintain required tolerances. 

Sound design and careful workman­
ship give South Bend Lathes the depend­
able precision that assures uniform accu­
racy. Built by skilled craftsmen who take 
pride in their work, they are capable of 

maintammg split-thousandth tolerances 
on all work within their capacity. Their 
unvarying performance speeds production 
on the most exacting machine operations 
and assures perfect interchangeability of 
parts and units. 

There is a South Bend Lathe for most 
war production requirements. The Engine 
Lathes and Toolroom Lathes are made in 
9" to 16" swing, with bed lengths from 
3' to 12'. The Turret Lathes are made in 
9" and 10" swing. Send for Catalog lOO·C. 

S O U T H  B E N D  L A T H E  W O R K S  
SOUTH BEND 22. INDIANA • LATHE BUILDERS FOR 37 YEARS 
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Postwar Forging Ideas Wanted -

For postwar production with greatly 
expanded facilities, leading Mid­
Western forge shop

· 
needs workable 

forging ideas. Will make satisfactory 
arrangement for purchase outright, 
license, make-and-sell. May be prac­
tical idea. patent or manufactured 
product using forgings. Write fully 
today, but hold up patent papers, 
etc. until notified if interested. Your 
communication fully safeguarded in 
dealing with realiable firm. Don't 
hesitate. Write now ! Address Box 
250 Publication. 

Address Box 250 

SC I ENTI FIC AMERICAN 
2 4  W .  40th St., N .  Y .  1 8, N ;  ¥. 

THOUSANDS EVERYWHERE 
At::t::LAIM THIS 

Have you unrealized hopes? Are the 
better things of life always just beyond 
your reach ? 

Times have changed-but have you ? 
Adopt a new psychology of life and 
MASTER YOUR PROBLEMS. It takes 
no greater mental effort to achieve re­
sults when you know how. 

Let the Rosicrucians show you how, 
by the use of simfle laws, you can ap­
ply the powers 0 your mind to bring 
about startling changes in your life. If 
you are sincere in your desire, write 
for the free Sealed Book. It will point 
out how you may obtain this most help­
ful information. Address : Scribe I .E.I. 

CGke Rosicrucians 
A M O R t:: 

SAN JOSE. t::ALIFORNIA. U. S. A. 

-W E WA N T  A 
Scientific Writer-
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Who is familiar with the design, 

use and application of optical in­

struments of all kinds to prepare 

publicity, technical articles, catalog 

copy, etc. Location in progressive 

Eastern community with company 

th'at is a leader in its field. Write, 

giving complete details on expe­

rience, to -Box No. 350,  Scientific 

American, 24 West 40th St., New 

York 18, N. Y. 

Types of electric contact heaters 

America, but I think it will come sooner 
or later. 

"Infectious epidemics such as in­
fluenza and the common cold, which 
are the bane of public health authori­
ties, are helped considerably to advance 
their evil hold on a community by the 
crowding together of people in stuffy 
atmospheres. Modern air conditioning 
has done noble service in removing the 
'stuffiness" from our theaters and en­
tertainment halls, but more will have 
to be done. Indeed, it would appear 
that public health authorities must yet 
learn to realize that there can be a 
tremendous advantage in getting a 
crowd of pople into an enclosed build­
ing such as a theater. They can there 
be given treatment through the aegis 
of air that would not be possible by in­
dividual methods! If the air can be 
charged with a safe germicide-ultra­
violet light is a safe germicide-then 
the benefit to the health of the people 
subject to this treatment would be far­
reaching. The risk of epidemics could 
be blotted out by such largp-scale dos­
age and control." 

ELECTRICAL REATING 

Made More EIHcieal 

By New Design 

UNTIL now a military secret, an ad­
vance in electric contact heating in­
volves a process which is serving a 
wide range of uses, principal among 
them being the heating of the bolt or 
firing mechanism on machine guns, of 
the hydraulic actuating mechanisms on 
airplanes in the stratosphere, and of 
storage batteries in army tanks in be­
low-zero theaters of war. 

Since the new heaters attain a high 
degree of efficiency, it is expected that 
they will be adapted to a multitude of 
peace-time uses, for they can be made 
in nearly any size, contour, and capac­
ity. They have the advantages of light 
weight, of operating at low wattage, of 
being safe in the presence of explosive 
vapors, of operating without deteriora­
tion of the heating element, of with­
standing severe vibration, and of main­
taining exact temperatures within close 
limits. The efficiency of one unit, as an 
example, may be judged by the fact 
that, even with outside temperatures as 
low as 65 degrees below zero, Fahren­
heit, it will raise the temperature of a 
machine gun mechanism to well above 
the desired operating temperature. 

A combination of several factors ac­
counts for the efficiency of the princi-

pIe developed by the H. and A. Manu­
facturing Company. Despite the low 
current consumption, which ranges 
from 35 watts to 400 watts in the va­
rious sizes and shapes of units so far 
developed, thermal losses are so well 
controlled and heat tr<).nsfer so effic­
iently accomplished that a unit weigh­
ing only a few ounces will raise the 
temperature of 30-odd pounds of steel 
90 degrees above sub-zero external 
temperatures. This is partly due to 
the methods of insulating and housing 
the heating element and partly to the 
method of attaching the heater to the 
object to be heated. By this method, 
the fact of the heating plate is held in 
compressive, resilient contact against 
the surface through which the heat is to 
be transferred. No nuts or bolts or 
permanent attachments ordinarily are 
required; the . units in most cases can be 
"sprung" onto the object. While they 
can readily be removed, their "grip" 
withstands the severest vibration. 

FOOD DEHYDRATION 

Requires Application 01 
Eagiaeeriag Skill 

T HE rapidly expanding field of food de­
hydration can no longer be handled by 
haphazard, makeshift methods, but is a 
scientific problem evolved in the past 
15 years and requires the application of 
engineering knowledge and techniques, 
said W. R. Marshall, Jr , of the Experi­
mental Station of the E. I. du Pont de 
Nemours and Company, in a recent 
address before the Metropolitan Section 
of the American Society of Mechanical 
Engineers, New York. 

"Because the scale of production of 
dried foods is so large," said Mr. Mar­
shall, "engineering is imperative in de­
signing, building, · and operating the 
large pieces of drying equipment re­
quired. 

"Although the problem of removing 
moisture from solid materials has been 
encountered by man through the ages, 
nevertheless the underlying principles 
involved in effecting this removal have 
been studied scientifically only during 
the past 15 years. The reason for the 
delay in the development of drying as 
a science is the fact that quantitative 
informa,tion on drying processes was not 
required before the advent of our pres­
ent large-scale industrial chemical 
plants which involve drying as an im­
portant unit operation. 

"Thus, when the need of removing 
tons · of water an hour arises, the prob­
lem is no longer a simple matter of 
drying in any space which happens to 
be available, but one of engineering 
proportions in which the well-estab­
lished thermal and thermodynamic 
properties of air-water vapor mixtures 
are required, together with exact in­
formation on rates of heat and mass 
transfer for various conditions of dry­
ing. It is apparent, therefore, that the 
operation of drying logically falls in 
the realm of the engineer trained in the 
fundamentals of heat and mass transfer 
and the broad field of heating and air 
conditioning. 

"A development of a drying theory 
may be pursued along two lines. One 
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approach may be termed the 'internal 
method,' which is a fundamental view­
point and concerns the exact manner 
in which a liquid moves through a 
given solid during drying. The other 
approach is the 'external method' and 
is more empirical in that the drying 
characteristics of a solid are interpreted 
in terms of the effect of the external 
drying conditions of air temperature, 
air velocity, and air humidity. 

"All the developments and methods 
used to study the drying of non-food 
materials have application in the pres­
ent rapidly expanding field of food de­
hydration. Since the drying of foods 
involves the use of thermal means for 
its consummation, problems of heat 
transfer are encountered. Likewise, the 
removal of moisture involves transfer 
of liquids and vapors and thus permits 
the application of concepts developed 
in the field of mass transfer. The 
special problems which food dehydra­
tion brings to the field of drying are 
those of maintaining high food value in 
the dried product, retention of char­
acteristic taste and odor, and imparting 
keeping or preservation properties to 
the dried food for purposes of storage 
and shipping." 

MORE CHICKENS QUICKER 

Made Possible Throagh Use 

01 mlra-Violel 

A YEAR-LONG study in 400 chicken, 
duck, and turkey hatcheries and feed­
ing stations has demonstrated that elec­
trically produced ultra-violet rays re­
duce poultry mortality as much as 68 
percent, according to Dr. Harvey C. 
Rentschler, director of the Westing­
house Lamp Pivision Research Labora­
tories. 

Stressing the fact that .reducing the 
mortality of both baby chicks and ma­
ture birds is of special importance at 
this time because of the meat shortage, 
Dr. Rentschler says: 

"Sixty percent of chick mortality oc­
curs within the first 16 days. Germ­
killing rays of short-wave ultra-violet 
are helping to reduce these losses. In 
addition, the small amount of vitamin­
D wavelengths generated by bacteri­
cidal lamps steps up the growing time 
of young birds-an important factor 
today when feed is scarce. 

"To a poultryman, time is money in 
the most literal sense of the word­
a bird grown in five weeks instead of 
eight puts the price of two and one 
quarter pounds of feed in the poultry­
man's pocket and a more reasonable 
chicken dinner on the nation's tables," 
Dr. Rentschler points out. 

In a carefully cQntrolled test of two 
battery brooding houses, identical ex­
cept that one contained the bactericidal 
ultra-violet lamps called Sterilamps, 
Rucker's Imperial Breeding Farm and 
Hatchery, Ottumwa, ·  Iowa, reported 68 
percent lower mortality and 50 percent 
fewer culls and runts-or discards-'-in 
the house employing the lamps. Birds 
in the irradiated unit grew to range 
size in five weeks, compared with eight 
weeks for the unirradiated birds. The 
test involved 11,000 chickens. 

Many diseases of fowls are of a res-
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W eighing and P a ekaging 

ADleri ea�s Favorite 

Breakfast Dish . . . .  

A highly eJ1!clent sliceel ba­
con packagtng operation -
Swift & Company. Chicago. 
WEIJ�;ig:ca��;e�r:x:,;I. .... 

Low cost packaging operations are the result of careful time study, 
good layout and equipment expressly fitted to the task. Such is 
the sliced bacon operation above. Smooth production traffic de­
mands equipment that is fast, dependable, easy to operate . and 
flexible. EXACT WEIGHIT Scales are that type of equipment • . . 
are used by the leaders of industry. Such features as speed in 
weighing, trouble-free operation, long life • . . all have been 
incorporated in this outstanding packaging and weighing equip­
ment. Whatever your packaging problem EXACT WEIGHT 
can solve it. Write for the details. 

TH E EXACT WEIGHT SCALE COMPANY 
6 5  West Fifth Ave" Columbus 8 ,  Ohio 

Dept. A d., 1 1 04 Bay St., Toronto, Canada 

piratory nature and the infectious or­
ganisms are carried by the air. Con­
tinual disinfection of the air through 
bactericidal irradiation reduces the 
contamination below the level at which 
it might become epidemic. At the same 
time, short-wave ultra-violet destroys 
mold and fungus that can be responsi­
ble for such diseases as mycosis and 
brooder pneumonia. 

SUGAR SCIENCE 

To be Siadied in 

Co-!\peralive Plaa 

A LONG-RANGE program of research on 
sugar, the most familiar and yet one 
of the least -understood scientifically 
of alI the products of nature, is under-

way at the Massachusetts Institute of 
Technology in co-operation with the 
newly established Sugar Research 
Foundation of New York. Announce­
ment of this work was made recently 
by Dr. Karl T. Compton, president of 
the Institute, and Joseph F. Abbott, 
president of the Sugar Research Foun­
dation. The foundation was created for 
the development of fundamental knowl­
edge iIi the field of carbohydrate chem­
istry, biochemistry, and nutrition. 
Membership . is open to all producers 
and processors of sugar in this country, 
Puerto Rico, Hawaii, and Cuba. 

It is anticipated that the chemical 
studies conducted under the arrange­
ment will not only extend knowledge 
of the role of sugar and other carbohy­
drates in the human body, but also will 
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Take prompt steps to protect your in­
vention. Dela.ys are dangerous. Get new 
FREE book. "Protect. FInance and Bell 
Your Invention," and "Invention Rec­
ord" form. Preliminary information 
free. Reasonable fees. Conscientious 
counsel. Easy payment plan. Learn how 
to protect and sell your Invention. 
Wrl te us today. McMORROW & BERMAN Registered Patent Attorneys 175-P Albee Iltd" •• Wash1n,.ton 5. D. 

TH E H EN RY SYSTEM 
Of Finger Print 

Classification 
and 

Identification 

is now in use by mo.t 
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 611 all require· 
ments. 
The only book based on the Henry 
System is Frederick Kuhne's. 

"TH E FINGER PRINT 
INSTRUCTOR" 

In this 182·page book, written by • 
Doted finger print expert who was 
for many yean in the Bureau of 
Criminal Investigation, New York 
Police Department, will be found 
complete instructions on every phase 
of the work from taking the prints 
to 6nal identi6cation. 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 
New 1942 Printing 
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Acid-proof mortar beinq poured In 
a joint in a pipe line for disposal of 
acid waste from an industrial plant 

unfold wholly new industrial uses for 
sugar and its derivatives. An important 
stated objective of this broad research 
program will be the training of scien­
tists in the field of carbohydrate chem­
istry to prepare them for service in the 
industry for further technical studies. 
Provision has also been made for fel­
lowships for young graduate students 
who are candidates for advanced de­
grees to permit them to continue their 
work in this promising field. 

Sugar, whether from cane or beet, is 
one of the purest chemical substances 
known to man and is produced in enor­
mous quantities at relatively low cost. 
As an inexpensive source material, its 
chemical . conversion to substances 
which can be utilized for other pur­
poses than as a food is an interesting 
scientific challenge which demands the 
most advanced investigation. 

Acm·PROOF MORTAR 

Saves Sleel aad 

Nalaral Rabber 

MADE of sulfur plasticized with syn­
thetic rubber, acid-proof mortar is sav­
ing thousands of pounds of precious 
steel and natural rubber in the con­
struction of pickling tanks, acid-proof 
floors, chemical vats, and industrial 
sewers for the disposal of used acids 
and other wastes. 

Manufactured under the trade mime 
"Tegul-Vitrobond," by The Atlas . Min­
eral Products Company, this Thiokol­
sulfur cement is reported to be stronger 
than the best concrete available and 
has many other interesting character­
istics which ably fit it for its war-time 
j ob.  For example, it is inert at temp­
eratures up to 200 degrees, Fahrenheit, 
and is unaffected by hot or cold acid, 
by corrosive salt or mild alkaline solu­
tions, has a bond to brick of from 400 
to 500 pounds per square inch, and is 
imprevious to penetration by liquids. 
It is also able to withstand severe 
trucking abrasion and mechanical pun­
ishment. Equipment built with it is 
said to be virtually impervious to wear. 

Through processing a tyPe of syn-

thetic rubber developed for this cement 
with sulfur, and adding other ingre­
dients, a comprehensive series of Tegul­
Vitrobond cements has been developed 
to meet numerous industrial applica­
tions requiring compounds of different 
properties. These mortars are particu­
larly suited for chemical process equip­
ment for the production of chemicals, 
explosives, pigments, and rayon. 

Perhaps the greatest saving of steel 
effected by this sulfur-Thiokol cement 
is in the substitution of concrete vats 
lined with acid-proof brick j oined with 
the cement for steel tanks. 

Of major importance in acid-proof 
brick construction is the method of tak­
ing care of contraction and expansion 
when the tank is in service. This is 
accomplished by placing an acid-proof 
and acid-tight expansion j oint in the 
brickwork at varying intervals, depend­
ing on the size, shape, and operating 
temperature of the tank. This joint is 
built up by cementing a series of hor­
izontal and vertical, soft, unvulcanized 
rubber plates to their adjoining brick 
surfaces in such a manner as to displace 
a given volume which would otherwise 
be filled with Tegul-Vitrobond. The 
completed expansion joint cuts the 
j oined brickwork into separate sections 
which are bonded by an acid-proof and 
acid-tight rubber connection. 

Tegul-Vitrobond is heated in iron 
kettles over a wood or gas flame. 
When the material reaches the correct 
temperature, it is ladled into the j oints 
between the brick. Horizontal joints 
in the brickwork are made by placing 
%-inch chips of Vitrobond beneath the 
brick. When the molten mortar is 
poured into the joints, it flows against 
the form work and upon solidification 
seals every joint, as well as impregnat­
ing the brick. 

The versatile Thiokol-sulfur cement 
also has high utility in the construction 
of acid-proof floors. When molten 
cement is poured between tiles, the re­
sulting floor is durable, attractive, and 
acid-proof. Such construction is being 
widely used in industrial chemical 
plants, dairies, and food plants. 

RESILIENT MOUIITING 
Permils Flexible Designs 

in Many Fields 

A PATENT on an entirely new type of 
resilient mounting utilizing rubber . or 
rubber-like materials has been granted 

Rubber handles a variety of stresses 
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to Herbert H. Fink, engineer of The B.  
F. Goodrich Company. Mountings cov­
ered by the new invention have cush­
ioning cylinders interconnected by arms 
in S-fashion. This arrangement permits 
an extremely soft suspension under 
light load and allows the resilient ma­
terial freedom of movement in all di­
rections. 

Handling of a variety of stresses in­
cluding shear, bending, torsional, or 
twisting is accomplished by the mount­
ing, which also permits the material to 
be stressed simultaneously under both 
shear and tension. 

Various arrangements of the rubber 
cylinders and the arms to which they 
are attached will change the rate of 
deflection of the new mountings in any 
direction. 

The invention is valuable in a variety 
of applications, including the mounting 
of housings for aircraft compasses and 
other instruments, motors for musical 
instruments, including those of the coin­
operated type, flexible power transmis­
sion couplings, and in other fields where 
structures are mounted resiliently. 

The degree of movement permitted by 
the cylindrical resilient bodies of the 
new mountings by the stresses in 
torsion, shear, bending, and compres­
sion allows action in any direction to 
be controlled by the way in which the 
mounting or groups of them are in­
stalled. 

TRIRTY HORSEPOWER 

Delivered by Motor 

Weigbing Oaly 57 Poands 

T HE streamlined projectile-like con­
traption which George Pfau, General 
Electric tool maker, is shown assemb­
ling in the accompanying illustration 
may look like a new secret bomb, but 
actually it's a new "tailor-made" motor 
destined to help make our bombers 
more effective. One of several model5 
now being built, this small motor will 
serve as the "engine" driving the pro­
pellor of a small model plane operated 
in a large wind tunnel under condi­
tions equivalent to those of actual 
flight. 

This motor is only 5 inches in di­
ameter and 13 inches long, yet it has 

Despite its small size. this new 
electric motor has hiqh power ratinq 
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a rating of 30 horsepower. It weighs 
only 57 pounds ana. while its rated 
speed is 6000 revolutions per minute it 
can operate in excess of 7000 revolu­
tions per minute. It is water cooled. 

The small parts to the right of the 
motor comprise the tachometer as­
sembly for determining its speed. This 
assembly fits into the front end of the 
motor. 

WRITEST OF WRITES 

Titaaium Dioxide Does a 

Humber of ladastrial Jobs 

FROM one of the blackest of black sub­
stances, ilmenite, comes the whitest of 
whites, which is also the ninth com­
monest element in the earth's crust. 
Between breakfast and bedtime every­
one is sure to handle at least one object 
containing this substance-which is 
titanium. 

Although titanium is an important 
ingredient in such everyday things as 
fabrics, linoleum, refrigerator enamels, 
paper, and white paint, as recently as 
World War I it had scarcely any com­
mercial value and even today is chem­
ically among the lesser known ele­
ments. Yet among the thousands of 
chemical compounds manufactured by 
Du Pont, it is one of the most versatile. 

Titanium dioxide is a white powder, 
so fine that 16 million individual parti- · 
cles of it side by side would measure 
only one inch long. 

It is used by the armed forces in the 
protective creams that safeguard skin 
against painful flashburns inside gun 
turrets, and in other creams that offer 
protection against sunburn and insects 
in the tropics. 

This same titanium dioxide, as an in­
gredient of the coating for welding 
rods, assists in maintaining a steadier 
arc and in improving the weld. 

It is titanium dioxide which gives 
present-day white paints their extra­
ordinary whiteness and hiding power, 
and the lighter colors their clarity ,and 
resistance to fading. Many peacetime 
products such as white rubber and the 
best white leather depend for their 
whiteness on titanium dioxide. White 
buckskin, for example, is pigmented in 
the tanning operation with titanium 
which is so fine that the particles go all 
the way through. 

Linoleum and felt-base floor cover­
ings owe much of their resiliency and 
long wear to this compound. It reaches 
the consumer in coated fabrics, even in 
soap. 

Titanium dioxide is handling a j ob 
in the field of paper manufacture that 
affects all of us at the present time. 
Wartime needs for paper are so great 
that the Government asks for waste 
paper as salvage. Books and maga­
zines are printed on thinner paper. 
Even the writing paper you buy today 
is thinner. 

A few years ago it would have been 
difficult or impossible to use such thin 
paper, because the print or writing 
would have "shown through" from the 
back. But titanium dioxide, added to 
paper, keeps this from happening and 
so conserves paper-makes it go 
further. 

With distingu ished 
service records in  the 
field of precision op­
tics a nd instruments. 

OPTI CAL E N G I N E E R I N G  

A N D  I NSTRUMENT DESIGN 

WM. MOGEY & SONS, I NC. 
PLA I N F I ELf>, N EW J E RSEY 

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 

M O N I T O R  S L I D E  R U L E • 6" Dia. Quickly solves any 
problem in multiplication, 

divLsion, proportion. Gives the 
square, the square root. logarithm 
al'ld reciprocals of all numbers. 
Trig scales give sines and . tan� 
gents of numbers. Fine black 
graduations on white Vlnylite. 
Complete with instructions. Price 
without case $2.95. Leatherette 

case, 75¢ additional. Money back if not satisfied. 
Special offer to agents and dealers. 

TAVELLA SALES CO., 17·G West Broadway, New York 7, N. Y. 

M ICROSCOPES 
BOUGHT - SOLD - REPAIRED 
Ther. I. a vital need for uaed micro­
tcopes, sclentl:fte. optical apparatul 

:a� .W'�.g:l:;;-l�'i t�!!h c,eVl, � 
Ship at our expense fM offer. TO. 
HIGHEST CASH PRICES PAID r.­
,ardl ... of conditIon. 
National Scienlfle Instrument Co. 

BAreiay 7.9234 
1 1 9  Chambers St. , New York City 7 
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O C U L A R  R E T I C U L E  
Micrometer Disc for eyepiece. Suitable for 
MlorotroOpes, Telescopes, Surveying, Sighting and .other .optical measuring instru�nts. Also for 
measuring, counting and locating (as with eto .. -
hair) . Extremely accurate rUling. When resting 
on diaphragm, ruling ca� be seen in the ·field .of 
view superimposed on image. ' Diameter .8291J1' • 
Crosshair and numbered net rulings . 

Sent postPaid. Worth many 
times more. Quantity strictly 
limited. Remit with .order. 

Our price emIr . . . . . . . . . .  . Sl :�· 
HARRY ROSS Scientific & Laboratory Apparatus 

68·70 West Broadway 
N ew York 7, ·N . Y. 

M A T H E M ATICS D I C T I O N A R Y  
recalls arithmetic and lubsequent subjectl, 
in clear concise language. Saves trouble 
in serious IIY.tters, for the trivial cost of 
$3 .00. Used widely by laymen and sci ... -
tists. Order from The Scientific Americaa ot The Digest Press, Dept. 2A, Van Nu,.., 
California. 

15,000 
FORM U LAS 

• • • 

1077 
PAGES 

• • • 

IN 
H OPKINS' 

" CYCLOPEDIA" 
OF FORMULAS" 

Thousands of copies of this ac­
knowledged leader among books of 
formulas are being used daily for a 
number of purposes. Industrial 
laboratories find it an invaluable 
source of reference material ; many 
spare- and full-time businesses have 
been built up on one or more of its 
formulas ; home workshop hobbyists 
constantly find new thoughts in its 
pages. 
Wines and liquors, inks, dyes, pol· 
ishes, paints and varnishes, adhe­
sives, cosmetics and antiseptics au 
only a few of the sections of thi. 
aU-inclusive book. 

$5.50 postpaid < Domestie l 

Ordar Fro. 
SCIENTIFIC AMERICAI 

24 Wast 40tb Straat, Naw York 1 8. N. Y .  

ARMY.-NA VY BARGAINS 
Shot gun nipples , 4 for . . . . . . . . . . . . . . . .  $1.00 
FlInlls. assorted. 10 for . . . . . . . . . . . . . . . . . . . 1 .00 
Eagle buttons. old style. 6 for . . . . . . . .  .25 
Cartridge belt, cal. 30 double row . . . . . . . .  .60 
Leather belt, black. bar buckle . . . . . . . . . . . .  .75 
Watering bridle, bit and reins, black . . . . . . 1.00 
Krag rear sight Model '92 . . . .  _ . . . . . . . 1.00 
Harness shaclcles, 2 �4 x 1 inch, lO for . . . .  1.00 
Special circular showing these and many other 
articles mailed for 3¢ stamp. 
F R A N CIS BA'N N ER M A N  SO NS, 501 B' dway. N .Y. 12 

A L N I C O  M A G N E T S  
ALNICO Pocket Pieces 11/1S" x 9/16" x ��. 

pair $ 1 .00 
Horse Shoe Magnets %: .... x �fl:". x %" . . . . pair $1.25 
1%!" x %" Watch size GEAR BOX 

150 to 1 Ratio . . . . . . .. . . . . . . .  35¢ . . . .  3 for $1 .00 
Ohmlte Power Rheoetat 16 ohms 3 amps. 3" $4.20 
IilKINDERVIKEN Transmitter Button 

with 16 PRire Experiments Booklet . . . . . .  $1 .00 

BLAN, 640 Dey Street, New York T, N, Y. 
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New Products 
ABRASIVE BANDS 

GRINDING and finishing of intricate 
pieces often causes delays and expenses 
far out of proportion to their size. This 
is no longer necessary if advantage is 
taken of the time- and money-saving 
grinding specialties developed and 
produced by the Minnesota Mining and 
Manufacturing Company, such as, for 
example, Three-M-ite Cloth Evenrun 
Bands. Reported to be fast cutting and 
long wearing, these handy abrasive 
bands turn out difficult jobs on what 
might be called a mass-production 
basis. Fitted over rubber mancb-els of 
suitable size, Three-M-ite Cloth Even­
run Bands, with an electric drill, flex-

Available in 33 sizes 

ible shaft, or tool-room grinder to sup­
ply the power, make the individual 
finishing j ob a matter of seconds and 
are solving production problems in 
many plants. 

Three-M-ite Cloth Evenrun Bands 
are available in 33 diameter sizes, 
ranging from 3/32 inch to eight inches, 
and with a face width of from lh inch 
to three inches. 

OSCILLOSCOPE 

DEVELoPED and produced by the 
Reiner Electronics Company, a new 
five-inch cathode-ray oscilloscope of 
special design permits the study of 
complex wave forms such as square 
waves and pulses encountered in tele­
vision work. Square wave signals from 
40 . cycles to 50 kilocycles can be ac­
curately reproduced. The response up 
to one megacycle is great enough to 
make the unit useful at this frequency. 
This extended high frequency range 
makes this oscilloscope practical for the 
study and measurement of intermediate 
frequency phenomena. 

MOBILE INSPECTION URIT 

A COMPLETE inspection department that 
can be moved to any point of work is 
now possible through the use of the 
new DoAlI Mobile Inspection Unit 
manufactured by Continental Machines, 
Inc. With this unit, all work-measuring 
instruments can be correctly set in tools 
and machines, a job that formerly re-

quired shut-downs and delays while 
the measuring instruments and parts 
were sent to the inspection �epartment 
for checking. Now, however, the mobile 
inspection unit, occupying little more 
than an area 24 by 42 inches, and con­
taining a complete precision inspection 
department, is wheeled right up to . the 
point of work on any j ob. 

The unit contains all the necessary 
instruments and gages ordinarily em­
ployed in an, inspection department. 
Monochromatic light waves, viewed 
through an optical flat, are used as the 
basic standard of measurement. A set 
of gage blocks, gaging instruments, and 
a comparator are provided to interpret 
this unwavering standard when check­
ing dimensions of parts and tools. The 
set of 83 precision gage blocks has an 
accuracy in height, flatness, and 
parallelism which is plus or minus 
.000004 inch. The set of 20 different 
precision measuring instruments in­
cludes calipers, trammel points, center 
points, scribers, base blocks, gage 
holders, vernier gage block, master 
square, sinebar, straightedges, master 
flat, and a precision surface plate. The 
comparator gage has four ranges of 
magnification, and an illuminated mag­
nifying glass on a stand is also pro­
vided. 

The accuracy of these instruments 
which might be affected by wear, dirt, 
and rough handling, . may in turn be 
quickly checked by using the optical 
flats and monochromatic light. 

The mobile inspection unit is strong­
ly built to safeguard the instruments 
and provide a smooth surface upon 
which to make inspection. It .is of .all 
steel construction which assures sturdi­
ness and prevention of warp or twist. 
This forms a rigid foundation for the 
working surface which is covered with 
he.avy-duty linoleum. This material 
provides a scratch-proof, smooth, 
shock-cushioning work surface that is 
ea�y on tools and gaging instruments. 

Accuracy assured at point of work 
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The unit is easily moved throughout 
the plant on four rubber tired, heavy 
duty caster wheels, which can be locked 
so that the unit becomes securely 
anchored when in use. 

Every convenience is provided for 
the inspector so that he can quickly 
use his measuring' instruments and re­
cord his findings and recommendations. 
A plug-in box is provided at the back 
of the unit to supply electricity for the 
monochromatic light, electric compara­
tor, and magnifying glass. This box 
contains a 50-foot extension cord that 
is secured to an automatic take -up 
reel. 

LATHE CENTEBS 

LONGER service life for lathe centers 
and half centers is achieved by the ex­
tension of the carbide insert into the 
shank of the tool. This extension, as 
made by Wendt-Sonis, is approximately 
equal to the exposed portion of the tip, 
allowing extra regrinds before need of 
replacement, should the bearing surface 
of the tip become damaged. 

Because of special precision manufac­
ture, these lathe centers are guaranteed 

Carbide tipped center and half center 

to a concentricity within ' 0.0002 inch or 
less, permitting finish grinding and 
turning to closer tolerances, and will 
hold this accuracy for a long time, due 
to the wear resistance of the carbide 
tip. 

VERSATILE MAGNETIC CRUCK 

, wo new and related products-the 
DoAll electro-magnetic chuck and the 
DoAll Selectron, a revolutionary new 
current rectifying and demagnetizing 
unit-are made by Continental Ma­
chines, Inc. This combination, chuck 
and Selectron, improves and eases dif­
ficult grinding operations. Here for 
the first time the amount of magnetic 
pull of the chuck holding the work to 
be ground is under the control of the 
operator. The DoAll Selectron uses 
electronic power to control the flow of 
magnetic pull in the chuck and to 
demagnetize the chuck when the work 
is to be removed. 

The DoAll chuck incorporates many 
features of construction which are 
unique in chucks of the electro-mag­
netic type. The entire unit is made of 
cast steel with high permeability to 
provide the maximum of work-holding 
power with the minimum of current 
consumption. All parts are precision 
ground before assembling for positive 
contact between the parts of the mag­
netic circuit, thereby eliminating 
power-wasting air gaps. 

The working surface of the chucks 
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Maqnetic chuck and control 

are ground to mirror finish with the 
sides and ends square and parallel so 
that they form a base to aline the work 
piece when using the adjustable stop 
plates on the end and side of the chuck. 

The Selectron is an electronic device 
utilizing tubes for full-wave rectifica­
tion of alternating current in supplying 
direct current to the chuck. When 
demagnetizing, . the current is alter­
nately reversed and reduced by the 
Selectron to withdraw all residual 
magnetism from the chuck. 

This entire process of demagnetizing 
requires but a few seconds, after which 
the work is easily removed from the 
chuck without pulling it against re­
sidual magnetism. This saves consid­
erable time in locating the work on the 
chuck preparatory to grinding as well 
as in the removal of the work after 
being ground. In addition, all sides of 
a j ob can be ground to high finish with­
out danger of scratching when removed 
from the chuck. 

DRUSH CLEANER 

H IGH-PRESSURE research- seeking relief 
from the scarcity of essential products 
has achieved signal success in the case 
of the humble paint brush, especially 
the rock-hard, ready-for-discard kind 
of brush. The relief agent is a new 
and different sort of cleaner known as 
Prestorer. Acting on a different prin­
ciple from established solutions, Prest­
orer is reported to, be potent, easy to 
use, economical, and non-hazardous. 

Unlike tires, paint brushes cannot be 
recapped, but by the simple use of 
Prestorer they can be reclaimed, their 
lives prolonged, and their mileage rec­
ords tremendously increased. The use 
of this cleaner is simplicity itself. All 
one has to do is to immerse the bristles 
in the solution. Recently used brushes 
become clean in a few hours; "hard as 
rock" old timers cleanse themselves in 
from 12 to 96 hours. The oldest and 
toughest of brushes obtain a new lease 
on life, while frequently used brushes 
are kept young and free from the slow 
death that comes from allowing paint 
to harden in the base. 

, According to the manufacturers, 
Technical Development Laboratories, 
Prestorer will not injure the hands for 
it contains no high-powered caustic 
alkalies; it is never a fire hazard since 
it is non-inflammable. It may be used 
safely in poorly ventilated rooms, for 
it gives off no poisonous fumes. 

The action by which Prestorer does 
its work so efficiently is interesting. It 

Don't Let Shortages 
S top Your Experiments 
You Can STI LL  Get LOW COST 

� LE N S E S-' 
New . . •  Finely Ground and Polished with Edge> 

Very Slightly Chipped ! 

P L U S  F R EE,  Helpful P roject S H E E T S  

Set # 1 05-S "The Gadgeteer's Delight" 

35 Lenses for $5.00, Postpaid 

For experimental optics, magnifying, mak­

ing Galilean telescopes, and for many uses 

in photography such as copying, ultra close­

up shots, making telephoto lens. Koda­

chrome and Stereoscopic viewers, and for 

many other uses. 

Set # 1 20-S "The Experimenter's Dream" 

60 .., Lenses and 50 Page illustrated Bo·oklet 
"Fun With Chipped Edge Lenses" 

for $ 1 0.00 Postpaid 

Contains all the lenses in the above sets 
plus 25 others that make this  a "sensational 

buy." The variety of lenses in this set wil1 
enable you to conduct countless experi­
ments, and build many optical gadgets. All  
our lenses are neatly packed and marked 

for diameter and focal length .  

SENSATIONAL WAR BARGAIN 
I N  

ROO F  PR ISMS 
The Facts : 
B efore the War, Roof Prisms of , this 
quality retailed for about $30.00. Ours 

were manufactured for use in Government 

telescopes, etc. but were ground to a size 
a fraction of an inch too smal1 for the 
mount. Therefore, you save up to

' 
$28.50 

or more. 

More Facts : 'U" Wide, 90-45-45 degrees, ground to 
super-accuracy of . not more than one to 
two rings off-Borosilicate Crown-In­
dex 1 .517.  
Remember Roof Prisms invert the image as wen as 
bend the rays. 

Roof Prism # 5 - AS - $2.50 Postpaid. 
A few of these are chipped but mai ority 
are perfect. Roof is corrected to extreme 
accuracy of plus or minus two seconds and 
are acceptable for deviation and definition. 

Roof Prism #5 - BS - $1.50 P.P. 
A few chipped but most were rei ected 
because roof angle was off trifle more 
than two seconds. Excel1ent for most uses 
except for instruments of over 3 power. 

Limit of 6 to a customer 
Larger quantities available at Commercial 
Prices which are ' substantial1y higher as 
above prices are far below actual cost of 
manufacturing. 

Experimenters! Research Laboratories! 
Colleges! A.mateur Telescope Makers! 
Get in on this  now as when our supply is 
gone these will probably never again be 
availabl e at this  price. 

Order by mail from 
E D M U N D  SALVAGE CO M PA N Y  

2 7  Wesl Clinton Avenue, Dept. 7 
P. O. Audubon, New Jersey 
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Scientific American's 
two telescope hooks 
A MATEUR TELESCOPE 

MAKING and 

AMATEUR TELESCOPE 

MAKI NG-ADVANCED 

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

For their Officials 
For their Technical Staff. 
For their Workmen 

Why? 

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

Amateur Telescope Making $4.00 
postpaid, domestic; foreign $4.35 
Amateur Telescope Making-Ad· 
vanced ,$5.00 domestic ; foreign $5.35 
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The Binary Slide Rule 
equals a· 20 inch straili:h t 
slide rule in precision. 
Has O. or. A. K. Log. LLI.  
LL2.  LL3.  LL4.  Binary. 
Gives Trig functions to 
Add and Subtract Scales 
1 minute from 0 to 90 
degrees. The engine·d!­
vided scales are on white 
enameled -metal. Perma ... 
nently accurate. Dla. 8 %;"' .  
La.rge figures a n d  gradua .. 
tions eliminate eyestrain. 
Exceptional value and 

utility. Price with instructions $5.00, casb or 
C.O.D.  Durable case 80c extra. Circulars free. 
Your money back if you are not entirely satisfied. 

Gilson Slide Rule Co., stuart. Fla. 
Slide Rule Makers since 1915 

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

Electric Reader 
A boon for elderly peo­
ple and others with poor 
eyesight. Wonderful for 
doctors, . scienti sts " and 
draftsmen. 
Write for free information 
and details of this new in­
vention that makes read­
ing matter 3 tiIl'les larger. 

E. W. PIKE & CO. Elizabeth. N. J. 

The Morse Decimalizer 
For accurate placing or declmaJ point III 

Involved comp utations with slide rule or 
other device.. pocket size, ea.Uy manlp· 

ulated, d urable. In leather case, U. Extra 

(multiplying and dividing) 80ale, 60 cento 

addltionaJ. Money-baok guarantee, I t  
Instrument Is returned In 1 0  day.. Olrcul •• 
on request. 

GEORGE H. MORSE 
e27 18th Street South Arnn.to .. Va. 
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lies in the absorption of part of the 
solution by the bristles. The bristles 
swell, causing the hard paint pigment 
to crack off. After drying, the swelling 
disappears and the bristle returns to 
normal size without injury. Since the 
pigment is not dissolved the solution 
may be strained through cheese cloth 
every once in a while and thus is kept 
clean for reuse. 

IUBIER IELT SPLICIIG 

BELTING made with the new synthetic 
rubber from government plants, known 
as GR-S, can be joined to natural rub­
ber belting with a vulcanized splice. 
This makes it possible to use sections 
of the new GR-S synthetic belting to 
repair existing belting when needed. 
Standard splicing and repair materials 
can be used with the synthetic belting. 

COMPBESSOR COITRIL 

T 0 PROTECT water-cooled compressors 
against damaging overheating that re­
sults if they are operated without cool­
ing water, and at the same time to 

_ COOLING w;;::;:u 
auppt.v 

Automatlc control on compressor 
(above) and on unloading compres· 
sor (below) prevent operation unless 
cooling water is actually flowing 

IQa� � :  
�� 

prevent unnecessary and costly waste 
of water, the Johnson Corporation has 
developed a new automatic compressor 
control. By permitting the compressor 
to operate only when water is actually 
flowing through it, this control guards 
against failure of water supply from 
any cause whatsoever, and consequently 
permits the safe use of automatic water 
cut-off valves. 

The new control consists of a sight­
flow fitting, mounted in the water dis­
charge pipe of the compressor, which 
serves as a holder for a metal electrode. 
When pressure in the receiver falls be­
low the pre-determined level, the pres­
sure switch on the receiver opens a 
solenoid-controlled valve to admit 
cooling water to compressor. Com­
pressor is not started until water flows 
through it and into the sight-flow, 
completing circuit with the electrode. 
If for any reason the water supply fails, 
compre8Sor will not be started or, if 
operating, will be stopped immediately. 

This arrangement of the control is 

designated as Type M. By supplying 
cooling water only while compressor 
is actually operating, it will prevent 
costly waste of water in those many 
installations where cooling water is left 
running all the time, even though com­
pressor operates only intermittently. 
The new control is · also available as 
Type U, for · use on unloading com­
pressors. It insures that cooling water 
is flowing before compressor starts, and 
stops - compressor or' sounds warning 
alarm if water supply fails. 

ELECTIIIC TRICK C.ITRILLER 

I MPROVED economy in current consump­
tion is claimed through the use of a 
new four-speed reversing controller 
for electric and gas-electric trucks. Ex­
perience with this device, manufactured 
by The Elwell-Parker Electric Com­
pany, has shown that when motor cur­
rent is restricted by introducing re­
sistance on first, second, and third 
speeds, a wasteful amount of current 
can be consumed by running the truck 
for protracted periods on any of these 
three speeds. The major portion of this 
possible waste of current is prevented 
by the new controller, which uses re­
sistance on the first speed only. An ad­
ditional power saving is attributed to 
the manipulation of the motor fields, 
connecting them in series on first and 
second speeds, which produces greater 
torque with less current consumption. 

INSULATED GEIERATOR DBIVE 

I NDICATIVE of the trend in design of 
both war and post-war products to 
save space, to make fewer parts do more 
work, and to increase general efficiency, 
is a new splined shaft coupling de­
signed and now being · produced · for a 
manufacturer of electric power genera­
tors by Bushings, Inc. The coupling 
is designed to stop the transmission of 
noise, absorb any shock and impact, and 
to compensate for misalinement be­
tween drive and driven shafting on a 
75-horsepower engine-driven genera­
tor. 

Using synthetic Neoprene as the in­
sulating medium, to permit operation 
in the presence of lubricant, the new 
coupling consists of only a splined in­
ner sleeve, a flange, and the separating 
bushing of synthetic. The new design 
eliminates a separate flexible coupling 
and reduces the space that would be 
required for such a coupling. 

The same general design, with either 
keyway or splines, is capable of hand� 
ling virtually any load merely by use 
of the proper hardness and thickness 
of the rubber or synthetic .  

COHER CHECKER 

A SINGLE machine, designed to check 
the correct resharpening of hobs or 
milling cutters, has been added to its 
"Sine-Line" gear and gear cutting tool 
checking equipment by Michigan Tool 
Company. 

To simplify setting of indicators for 
checking rake angle, parallelism, and so 
on, a ground surface angle block, the 
top edge of which is in the same hori­
zontal plane as the headstock and tail-
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Checkinq a hob alter skarpeninq 

stock centers, and tlie projecting ledge 
in a parallel plane, is mounted on the 
tail-stock . and used for initial indicator 
settings. The projecting ledge is used 
with "Jo" blocks to set indicator for 
checking hooked · or raked hobs. The 
indicator base is ball bearing mounted 
for freedom of movement, and in a 
plane parallel to the horizontal plane of 
the centers. Initial settings are ac­
complished by rollIng the indicator op­
posite the ground surface block, and 
adjusting the vertical setting of the in­
dicator. "Jo" blocks may be placed on 
the proj ecting ledge so that any desired 
setting may be obtained, on, above, or 
below center. 

After the initial indicator setting, the 
indicator base is returned opposite the 
tool for checking sharpening inaccura­
cies. A small weight, suspended over a 
pulley, propels the sliding indicator 
base, when checking parallelism, or 
lead in the axial plane. A knurled 
locking screw will hold the base in any 
desired position. 

MARKIIiG WITH DRAW DIES 

AN IMPROVED method for marking part 
numbers · onto deep-drawn steel and 
other parts at no additional cost makes 
use of precision engraved knockout 
pads, produced by New Method Steel 
Stamps, Inc. 

The necessary figures and numbers 
are engraved on the upper surface of 
the pad itself, making the one piece a 
combination of knockout pad and mark­
ing die. When in use, the knockout 
pad is backed by springs. It numbers 
the bottom portion of the stamping 
during the actual drawing process, and 
then lifts the finished piece out of the 
die after the male half of forming die 
has been withdrawn. The incorpora­
tion of a stamping device with a knock­
out pad in this manner makes possible 
automatic marking at no extra cost. 

TOUGH IIUTS TAMED 

CREEPING into infinitesimal openings, a 
new chemical combination has already 
saved time in many war-busy plants 
and kept hard-to-replace parts from 
falling under the chisel and hammer. 
In one case a frozen shaft threatened to 
tie up production for half a day or 
more. An application of Kano Kroil 
resulted in production being resumed 
in 15 minutes. A bridge had been ex­
posed to the elements for twenty years 
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when the engineer found it necessary 
to remove some bolts. After applying 
Kano Kroil the bolts were removed 
quickly and successfully. Laboratory 
tests are reported to show that the 
ch�mical creeps into spaces as small as 
a Inillionth o� an inch; actual working 
tests prove that it saves time, temper, 
and materials by loosening frozen metal 
parts quickly and effectively without 
harm to metal. 

LACQUER WAX 

SALT SPRAY resistance and moisture 
proofness of lacquers and varnishes can 
be greatly increased by the addition of 
small percentages of Acrawax C, powd­
ered, a synthetic wax produced by the 
GlJco Products Company, Inc. Unlike 
natural waxes, Acrawax C does not re­
tard the drying properties of the lac­
quer or varnish. The Acrawax C, 
powdered, should be treated as a pig­
ment and ground into the resin. The 
clarity of the varnish is unaffected. 

IIEW TARK AGITATOR 

OUTSIDE repacking without draining 
the tank and without · loss of liquid, 
is one feature of a new side-entering 
agitator introduced by H. K. Porter 
Company, Inc. The outside repacking 

can be done in five minutes, saving 
many man hours as well as the expense 
of draining the tank, airblowing it in 
cases where toxic fumes make this 
necesary to permit a workman to enter, 
and then pumping back the fluid after 
the packing has been replaced. This is 
accomplished by using an external 
packing gland and a seal attached to 
the shaft inside the tank which is 
drawn into a . seat, hermetically sealing 
off the tank's contents. 

FA ST, P H OTO·EXACT COPIES 

I N  A N Y  OFFICE OR SHOP 

Same'size, exact photo·copies of anything 
up to 18" x 22". Eliminates steno'copying, 
tracing, proof · reading. Photo - copies 
direct from letters, records, pictures, blue­
prints, tracings, receipts, shop orders­
anything written, printed, drawn, photo· 
graphed. Accepted as legal evidence. 
Copies from magazines or books. No end 
to the uses of A·PE-CO. Needed by all 
departments. Thousands in use. 

No Camera - No Film - Low Cost 

Any office employee quickly becomes ex­
pert. Low cost per copy, lowest investtnent 
in equipment. Saves other equipment. 
Simple, fast. No focusing. Conserves 
man-hours. Put A·PE..cO on any avail· 
able desk or table. Im.mediate delivery. 

Write for folder of A·PE-CO uses in 
YOUR BUSINESS. 

AM ERICAN PHOTOCOPY EQUIPMENT CO. 
2849 N .  Clark St. ,  Dept. KH·54, Chicago 1 4 ,  I l l inois 

Representatives in Principal Cities 
In Canada : Railway & Power Engineering Corp., Ltd� 

V E E D E R - R O O T  ' N C .  H����' .  
. Send lor FREE LITERATURE on 

fl ; 

R
ATENTS' 

1 AND TRADE MARKS � I  C. A.SNOW & CO. �I Reg. Patent Altorneys Since 1875 
430 Snow Bldg. Washington 1, D. C. 

G I R L  M A K E S  PA R T S  

BENDERS-Di-Acro Bender bends anele, 
channel, rod tubing, wire , moulding, strip 
stock, etc. .  3 sizes. Capacity up to %" 
cold rolled steel bar. 

NO D I ES NO DELAYS 
"Beat The Promise" on delivery this new way : Use The .DI:.A.CRO System of "Metal Duplicating Without Dies" 
� and have · parts finished before dies could hardly be 
started. 
Dr-ACRO Machines - Shears, Brakes, Benders --: are 
precision-built STANDARDIZED units so designed you 
can readily convert them _ into high SPECIALIZED 
productive machines suited to your own particular 
ne.�s. You may adjust, alter or remove any of the 
ongmal contact surfaces, attach operating clamps 
g'uides and gauges, or quickly set up your own forming 
surfaces or conversions. Either right or left hand op­
eration and mounting of each unit. The result is a 
practically unlimited adaptability for a great variety 
of DIE-LESS DUPLICATING. 

347 Eighth Ave. So. M I N NEAPOLIS I S ,  MINN. 
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POW E R F U L  T E L ESCO P E  L E N S  KIT  
Consists 3 "  diameter 7 5 "  focus objective -
5 oX and 100X as·tronomical eyepieces. Builds 
six-foot refracting telescop�. Guaranteed show 
Moon's craters, ring Saturn, moons Jupiter, 
double staro, etc. While they last, $1.95 post· 
paid. With 50X terrestrial eyepiece $2.95. Also 
experimenters 1 6·piece optical kit-includes 12 
assorted lens combining into numerous optical 
hook·ups $l .00. Stamp brings literature -
telescope construction plans - test chart for 
measuring definition - power - field, any 
telescope or binoculars. 

Ffleegor Optical Co., SA·B, Sunbury, Pa. 

I * BUY WAR BONDS * I 
Telescopes - Optical Goods 

Bought and Sold to Promote Astronomy 

VALLEY V I EW OBSERVATORY 
1 06 Van Buren Ave . •  PiHsburgh ( 1 4 )  Pa .. 

For Scientific and 
Technical Books, Use the 

BOOK DEPARTMENT 

SCIENTU'IC AMERICAN 

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

A C H R O M A T I C O B J E C T I V E S 
Aperature Focal Length Price 

57mm 1 42mm $6.00 
33mm 250mm 4.00 
20mm 1 50mm . 2.50 
53mm 140mm 3.00 
32mm 1 40mm 2.00 

Send for free lilt describing many other item •. 
Mafflor Products Corp. Katonah, N. Y. 

THOUSANDS 
of NEW and PRACTICAL 
Formulas From Every Impor­
tant Industry Wil l  be Found 

in the Latest Edition 
of 

The New Chemical 
Formulary 

(Vol. 6) 
Edited by H. BEN N ETT 

From .adhesives to texti les, accU­
rate form ulas a re g iven for a 
m ultitude of products. Al loys, 
beverages, oils, cosmetics, paints, 
pol ishes, a re just a few of the 
subjects covered. 

Important toelay is the chapter on 
substitutes. 
'Suppl iers of chemica l s  are listed, 
with addresses, for convenience i n  
locating needed materials.  

635 pages $6. 1 0  postpaid 

SC I ENTIFIC AM ERICAN 

24 west 40th Street, New York 1 8, N. Y. 
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C u r r e n t  B u l l e t i n  
B r i e f s  

Conducted by 
K .  M .  C A N A V A N  

(The Editor will appreciate it 
if you will mention Scientific 
American when writinq for any 
of Ibe publications listed below.) 

THE CHEMICAL DIGEST is a semi-annual 
publication which reviews briefly 

progress in the chemical industry as 
seen from the standpoint of the re­
search worker. Foster D. Snell, Inc., 
305 Washington Street, Brooklyn 1, New 
Y ork.-Gratis. Request this on your 
business letterhead. 

INDUSTRIAL ApPLICATIONS OF "NATIONAL" 
AND "KARBATE" CARBON AND GRAPHITE 

PRODUCTS is a 16-page brochure covering 
these types of materials as supplied in 
various structural shapes for a number 
of applications. National Carbon Com­
pany, Inc., P. O. Box 6087, Cleveland 1 ,  
Ohio.--,Gratis. 

QUALITY CONTROL is a 64-page, fully il-
lustrated booklet covering more than 

24 subjects essential to scientific inspec­
tion for quality control in industrial 
plants. Various types of measuring in­
struments are shown and described, to­
gether with their use in every-day pro­
duction. A number of tables present 
data pertaining to precision gaging 
methods. Continental Machines Inc., 
1301 Washington Avenue South, Minne­
apolis, Minnesota.-Gratis. 

FUEL SAVINGS RESULTING FROM CLOSING 
OF ROOMS AND FROM USE OF A FIRE­

PLACE is a 36-page booklet outlining 
the results of studies made on fuel sav­
i�gs, giving the methods and results. 
Several diagrams, charts, and tables are 
included. Request Bulletin 348. The 
Engineering Experiment Station, Uni­
versity of Illinois, Urbana, Illinois.-40 
c€nts. 

BRITAIN SEES IT THROUGH is a 44-page 
illustrated report by Frank Gannett, 

compiled as a result of an inspection 
toUr of American and British army en­
campments as well as many parts of 
civilian Great Britain. It is designed 
especially as a morale builder. Flor­
�nce Messman, Secretary, Gannett 
Newspapers, Rochester, New York.­
Single copies gratis, quantities available 
at 50 cents per hundred. 

THE RIVNUT is a 12-page manual on 
this internally threaded and counter­

bored tubular rivet. All details are 
given including sizes, description of 
tools, and instructions for application. 
The B. F. Goodrich Company, Akron, 
Ohio.-Gratis. 

MILLING STEEL WITH CARBIDES is a 14-
page illustrated technical manual 

giving detailed information on the high­
speed milling of steel with cemented 
carbide tipped cutters. All of the ma­
terial presented here is based on prac-

tical field work, making the ma�lUal a 
useful guide for handling nearly every 
type of milling job. Bulletin No. GT-
174. Carboloy Company, Inc., Detroit, 
Michigan.-Gratis. 

RESULTS WITH Tocco is a 32-page, well-
illustrated booklet covering 16 in­

dustrial uses of ,high-frequency electri­
cal induction for such purposes as heat­
ing aviation propeller blades for forging 
and annealing steel shell cases. Infor­
mation on the construction of Tocco 
machines, a brief summary of the pro­
cess, and its metallurgical effects are 
given. The Ohio Crankshaft Company, 
3800 Harvard Av enue, Cleveland 1 ,  
Ohio.-Gratis. 

GLUE RECOMMENDATIONS FOR U.S. Gov-

ERNMENT SPECIFICATIONS is a chart 
11 inches wide by 29 inches long, print­
ed both sides, which lists various types 
of adhesives, their uses, and the glue 
requirements which must be met in 
different applications. Casein Company 
of America, 350 Madison Avenue, New 
York 1 7, New York.-Gratis. 

KITCHEN PREDICTIONS is a 16-page illus-
trated booklet which outlines the 

practical new glass, plastic, and metal 
products which will be a part of the 
"dream" kitchen of tomorrow. Glass 
containers for food and medicine are 
stressed. Owens-Illinois Glass Com­
pany, Toledo, Ohio.-Gratis. 

How TO GET THE MdsT FROM YOUR PORT-
ABLE ELECTRIC TOOLS is  the title of a 

special section in a new catalog just 
issued by an electric tool manufacturer. 
This maintenance manual is designed 
as a thorough guide to greater produc­
tion and longer tool life. Skilsaw, Inc., 
5033-43 Elston Avenue, Chicago 30, Illi­
nois.-Complete catalog gratis. 

CHEMICALS I!Y GLYCO is a new 144-page 
catalog, complete with formulas and 

tables of useful chemical and physical 
data, which has been completely 
brought up to date in its listing of plas­
ticizers for synthetic rubber and resins, 
and esters used in a number of chemi­
cal processes. Glyco Products Company, 
Inc., 26 Court Street, Brooklyn 2, New 
Y ork.-Gratis. 

STEEL PRODUCTS MANUAL is a 215-page 
booklet giving instructions for pack­

aging, marking, and loading steel prod­
ucts for overseas shipment. American 
Iron and Steel Institute, 350 Fifth Ave­
nue, New York, New York.-$2.50. 

PACEMAKERS IN PRECISION is a four-page 
pamphlet which sets forth some of 

the new uses for surface plates, such as 
spotting. Standard sizes and weights 
are listed, as well as special sizes. The 
Herman Stone Company, 1238 Leonhard 
Street, Dayton 4, Ohio.-Gratis. 

FUELS OF THE FUTURE is a 27-page 
pamphlet which surveys fuel re­

serves of the United States and offers a 
glimpse into the probable future of var­
ious natural and synthetic fuels. Bat­
telle Memorial Institute, Columbus, 
Ohio.-Gratis. Please request this bul­
letin on your business letterhead. 
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Our Book  CorDer 
HIE BOOK DEPARTMENT of Scientific American is conducted. with the 
co-operation of the Editors. to make available for you a comprehensive 
book service. Each month the Editors select and review in these columns 
new books in a wide range of scientific and technical fields. In addition. 
they are ready at all times to advise you regarding the best available 
books on any subject. You are invited to use this service freely. Tell our 
Book Department what kind of books you want- and you will be furnished 
with the names of . available books. including prices. When inquiring 
about books. please be specific; remember that we can be of the greatest 
help only when you tell us just what you are looking for. Books listed 
in these columns may be ordered from our Book Department. Add 25 
cents per book for mailing outside U. S. 
TO MA.KE CERTAIN that books ordered by or for men in the Army. 
located in the United States. or men in the Navy. Marines. or Coast 
Guard. located anywhere. will be delivered. insurance fees should be 
sent with orders. as follows: To $5 in value. IO¢ additional; from $5 to 
$25. 20¢;  from $25 to $50. 30¢. 

INDUSTRIAL MANAGEMENT 

By Asa S. Knowles and Roherl D. Thomson 

DIVIDED into six separate but inte­
grated parts, this text is an out­

standing attempt to cover the whole 
broad subject of industrial management 
in its multitude of aspects_ The sections 
cover: Introduction to the study of 
m,magement; management of physical 
property; organization of the physical 
plant; management of manpower; pro­
duction control ; and cost control. Each 
section ends with a group of review 
questions and problems. A selected 
bibliography will help the reader who 
wants to dig further into some specific 
aspect of management. (791 pages, 6 
by 9 inches, over 300 illustrations. ) ­
$4.60 postpaid.-A.P.P. 

CHEMICAL SPECTROSCOPY 

By Wallace R. Brode 

SINCE 1939, when Professor Brode's 
book was first published, the study 

and applications of chemical spec­
troscopy have increased greatly. This 
second edition becomes one of a very 
few general treatises which are readily 
available today. While familiarity with 
general and analytical chemistry on the 
reader's part is assumed, many who 
have not formally covered these courses 
find and have found that they can 
make good use of it as an aid, but it is 
not an elementary work in a popular 
sense. Its first 397 pages cover methods 
and theory and give a large bibliogra­
phy. The chapter on the apparatus does 
not tell how to make it; no book does. 
The remammg pages are occupied 
chiefly by working tables of lines and 
by spectrum charts. (677 pages, 5% by 
8% inches, many illustrations.) -$7.60 
postpaid.-A.G.I. 

SHOPWORK 

By Edward C. Wicks, John Poliacik, Jr .. and 
John Ellherg 

HOW to use all the tools common to 
wood working and metal working 

is the basis of this text prepared to 
conform to the Preinduction Training 
Course laid down by the War Depart­
ment. Its utter simplicity will appeal 
to those who want to be able to handle 
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tools correctly, yet have never had ac­
cess to a suitable guide. General sub­
j ects covered include: Wood working;' 

measuring and gaging; metal working; 
wiring and wire splicing ; ropes ; splices 
and knots. (160 pages, 6% by 10 inches, 
139 illustrations. ) -$1.20 postpaid.­
A.P.P. 

WORLD WIDE PLANISPHERE 

By Wm. H. Barlon, Jr. 

OF ALL the star and constellation 
finders thus far devised, this one 

seems the most versatile, yet it is 
simple. Over neat, orderly, attractive, 
eight-inch, black-on-white, centrally 
pivoted, rotating constellation maps 
with hour circles you fold any one of 
four attached cut-out masks for the 
latitudes 20, 40, 60, or 80 degrees, wher­
ever you are, and there is your sky 
aspect. Since there is a second con­
stellation map for the southern hemi­
sphere you can go all the way from 
Spitzbergen to Antarctica on this elastic 
planisphere. In addition, there are two 
corresponding rotating maps for navi­
gators, showing navigation stars and 
trans-constellation guide lines An 
auxiliary table gives planet positions 
1943-52. This ingenious new star finder 
was devised by the Curator at the 
Hayden Planetarium, New York. (10 
by 10% inches. ) -$2.60 postpaid.-A.G.I. 

ILLUSTRATED TECHNICAL DICTIONARY 

By Maxim Newmark 

STANDARD technical definitions of cur­
rent terms in the applied sciences, 

graphic and industrial arts, and me­
chanical trades, are here presented in 
quite comnrehensive form. The word 
"illustrated" in the title may lead the 
reader to expect more than he actually 
gets ; however, there is a sufficient num­
ber of illustrations to be of assistance 
in some respects. (352 pages. 6 by 9 
inches.) -$5.10 postpaid.-A.P.P. 

ON GROWTH AND FORM 

By D'arcy Wenlworlh Thompson 

.. EW edition of a famous work long out 
n of print and long available only at 
second hand and at fabulous prices. 
It occupies an area of science where 

SAVE 
50�o UP TO 

ON TECHNICAL BOOKS 

Quantities Limited 
Order Now 

Original 
Title Author Price NOW 

Baking Powders 
Mendelsohn $4.00 $2 .50 

Hair Dyes &: Hair Dyeing 
Redgrove 5 .00 250 

Chemical French 
Dolt 4.00 2.00 

Plant Growth Substances 
Nicol . . 2.00 1 .25 

Technology of Solvents 

Chromosomes 
Jordan 1 0.00 5 .00 

White 

Chemical Species 
Timmermans 

1 .50 1 .00 

4.00 2.00 
Matrix &: Tensor Algebra 

Rose 4.00 2 .00 
Model Boat Building 

Comm 2.25 1 .25  
Dictionary of Metals &: Alloys 

Camm 3 .00 · 1 .75 
Rubber &: Its Use 

Fisher 2.25 1 .25 
Chemical Warfare 

Wachtel 4.00 2.00 
Stereographic Projection 

Sohon 4.00 2 .50  
Taking Merchandise Inventory 

Jackson 4.00 2.00 
Manual of Endocrine Therapy 

Cinberg . . . . . .  3 .25 2.00 
Basic Laboratory Practice 

Sprague 3 .50 2 .00 
Plastic Molding 

Tropical Fruits 
Dearie .- . 4.00 2.00 
Sukh Dyal 2.75 1 .75  

Gardening Without Soil 
A. H. Phillips . 2.00 1 .25 

Rubber Latex 
H. P. Stevens &. 
W. H. Stevens 2 .00 1 .2 5  

Cyclotron 
W. B. Mann 1 .50  1 .00 

Rancidity in Edible Fats 
c. H. Lea 4.00 2 .50 

Casein &: Its  Uses 
H. Hadert 3 .00 1 . 50  

Utilization of Fats 
H. K. Dean 6.00 3 . 50  

Metal Coloring &: Finishing 
H. Krause 5 .00 3 .00 

Structure of Metals &: Alloys 
w. Hum.e·Rothery 2.00 1 .25  

Cosmetic Formulary 
H. Bennett 3.75 2 .00 

Patent Fundamentals 
L. H. Admur 4.00 2.25 

Review of Driers &: Drying ' 
E. F. Bennett 1 .75 1 .00 

Handbook For Chemical Patents 

Textile Testing 
E.  Thomas 4.00 2.75 
J .  H. Skinkle 3 .00 2.00 

Pocket Guide to West Indies 
Sir Algernon 

Aspinall 3.75 2.75 
Aviation Instrument Manual 

5 .00 3 .00 
Experimental Physics 

D. H. Bellamy 3.75 2.00 
Short Wave Manual 

E. J. Camm 2.50 1 .50  
M.odern Oil Engine Practice 

H. Molloy 5 .00 3 .00 

( To above prices add 10 cents domestic postage 
for each boo'k. For foreign postage add 35 cents 

for each book. ) 
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The 
E dito r s  
Recommend 
8esf Sellers in Science 

EXPERIMENTAL ELECTRONICS - By Ralph 
H. Muller, B. L. Carman. and M. E. Dro •• 
A solid book of eminently practical infonilation OD 
the characteristics and nOR . comth�Dication applica­
tiODS of electron tubes. Tho text describes experi. 
ments and presents results. "For students, radio 
engineers, communications experts, and the serious 
general reader. $4.7S 

FORWARD WITH SCIENCE - By Roger. D. 
Rusle: Philosophical discussions of development. 
centering arounel modem physics : Newly discovered 
particles, electron microscope, Btomic energy, man­
made radio- activity, c osmic rays, and so on . '3.60 

PLASTICS - By /. H. Dubol.. Revised and en· 
larged .edition of an important work on the whole 
general subj ect of plastics, .phis Kluch new material 
on synthetic rubber, maBufacturin-g pl'oceSles, and 
plastic molding. 83.85 

FUNDAMENTALS OF PERSPECTIVE - By 
Theotlor. D�Po.tel., A..I.A.. A method of ,showing 
the order, or sequence, in which lines of a per8pective 
are drawn. Use of colors, Bumbers, and arrow. 
eliminates much " text fouad " in other books on this 
subj ect. " 20 loose sheets in binder. $2.60 

LEARNING TO NAVIGATE - lIy IF'eeme. an" 
Eberle. For those totally inexperienced or only 
casually familiar with the fundamentals of DaviaatiOD, 
this text will provide a. practical handbook leadina 
to an hndentanding "ef navigation at sea or in the 
air. A number of illustrations and tab1ilations. $2.10 

A TREASURY OF SCIENCE - E"lte" by Shap. 
ley, Il_pport, end Fright. Ch.ice reprints care· 
fully selected from outstanding scientific writings of 
a nOll-technical nature, from Copernicus and Galileo 
down to modern authorities. $4. 10 

FUNDAMENTALS OF ELECTRICITY - By .. 
Stall 0/ Electrical Expert.. Although designed to 
supply men about to enter military service with I 
foundation for further training, this text will serve 
a similar purpose for anyone desirous of acquiring 
such knowledge. 82.10 

ELECTRONIC PHYSICS - By Hector, Lein, an" 
Scon,ton. A simplified text far those who desire to 
acquire a ·sound basis for following the advance of 
applied eleetronics. 88.85 

AIRCRAFT INSTRUMENTS - By George Ellio 
Irvin. All types of instruments for aircraft use de­
scribed fer students, pilots, inspectors. Fundamentals, 
instructions. $5.10 

MACHINERY'S HANDBOOK - l 11,h Edi'ion. 
"Bible of the mechanical industry," 1815 page. 
of latest stan"dards, data, and infonnation required 
daily in the shop and drafting room. $6.10 

FUNDAMENTALS OF OPTICAL ENGINEERING 
- " B,. Donald H. Jacoba. This new work starts 
out at the very beginning, is mainly non-mathe­
matical, and i. probably the best suited of all 
existing books as an introduction to optical design .  
Author is 8 physicist at BureaH o f  Standards.  85.10 

PROCEDURES IN EXPERIMENTAL PHYSICS -
By John Strong, Ph.D. A wealth of useful data of 
a practical kind for the constructor, experimenter, 
and skilled craftsman. 86.80 

STEEL SQUARE POCKET BOOK - By D",lgh, 
L. Stoddard._ Practical methods for using the car­
penter's steel square for layout work of all kinds. 
Time- tried methods used by two generations of car­
penters and found both rapid and accurate. $1.00 

A MANUAL OF MECHANICAL MOVEMENTS -
By W. M. Clark. Pre8'ents fundamentals on which all 
machines are built. 400 illustrations and 160 photo­
graphs of models demonstrating mech�ical principles 
supplement the text. 82.10 

RADIO ENGINEERS' HANDBOOK - By Fr"". 
eric1c BrruAons Terman. An outstanding refereDce 
book for serious students and engineers. 86.10 

TOOL MAKING - By C. B. Cole. Instructi�n. for 
making and using all kinds, from personal tools to 
arbor presses, lathes, planers, etc., in different 
metals. 83.60 

THE ELECTRON MICROSCOPE - By Burton 
and Kohl. A well-written account of this newest 
tool of science, with all technicalities explaiRed for 
c omplete understanding by average pel'sons. $3.95 

ENCYCLOPEDIA OF KNOTS AND FANCY ROPE 
WORK - By Granmont snd H,,, .. el. More knot. 
are described in this remarkable book than in any 
book en seamanship ever pablished or dreamed of. 
3257 knots are illustrated in half-toD.e reproduction 
and are described in the text. $5.10 

SLIDE RULE SIMPLIFIED - By C. O. Harrio. 
How to use a slide rule, without any of the mystifi­
cation that often surrounds this important tool of the 
engineer. Excellent illllstrations make everythiDg 
clear. 83.60 including a slide rule ; 82.60 for book 
alon e_ 

PLASTICS, PROBLEMS AND PROCESSES _ lIy 
Man.perger ana PepJler. The whole story of plas-, 
tics, including a resume of manufacturing precesses 
and a nllm},er of thorough.going chapters devoted to 
plastic use!. $3.1Q 

A COURSE IN POWDER METALLURGY - By 
Falter J. Baeza. A so'und view of the over-all sub­
ject of powder metallurgy wltich will serve as an 
excellent guide and reference book. $3.6-0 

THE SCIENCE OF EXPLOSIVES - By Martin 
Meyer. The chemistry, production, and analysis of 
modern explosives, in .irople and readable style. 

84.60 

HANDBOOK OF CHEMISTRY AND PHYSICS -
A classic reference book recently revised and brought 
up-to-date to keep pace with recent research. In­
c ludes material on all branches of chemistry, physics 
and allied sciences. Used in laboratories and by 
engineers throughout the c ountry . :  Flexible binding. 
2503 pages. 84.10 Foreign $4.50, postpaid 

ATOMIC ARTILLERY - By /010.,. Kelloch 
Rebert.on. Electrons, protons, positrons, photons, 
neutrons, and c osmic rays, all described for the 
layman in p lain language_ Also transmutation of the 
elements and the manufacture of artificial radio 
activity . S2.85 

GET TOUGH ! - By Cap" W. E. Fairbairn. 
How-to-win -in-hand- to-hand- fighting directions, by a 
man who really knows rough - and-tumble methods 
that are not "clean" fighting' but are designed to 
win . $ 1 . 10 

• The above priees are postpaid in tbe United Statu, Add, on foreign orders, • 
25¢ for postage on each. book, exee:pt as Doted. 

For Sale by: June. 1944 

SCIENTIFIC AMERICAN, 24 West 40th Street, New York 1 8, N. Y. 
I enclose $. . . .  for which please forward at once the following- books: 

Name . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 
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physical principles and mathematical 
laws overlap biology. Typical chapters: 
On Magnitude ; Rate of Growth; Forms 
of Cells; On Leaf-Arrangement; Form 
and Mechanical Efficiency; Comparison 
of Related Forms. It analyzes form in 
biology in quantitative terms, showing 
that organic nature is a mathematician­
engineer. ( 1116 pages, 5% by 8% iIiches, 
555 illustrations. ) -$12.60 postpaid.­
A.G.l. 

PRE-STBESSED BEIIFOBCED CIICBETE 

By Barl Bilng 

THEORY, practice, and actual design 
data covering a technique of con­

crete work that is receiving consider­
able attention today. Heretofore there 
has been scant literature available on 
this subject. The text is prepared spe­
dfically for engineers. (248 pages, 6 by 
9 inches, a few drawings.) -$5.10 post­
paid.-A.PP. 

BOSE'S FOnDATIO. OF DTBITIOI 
Revise. lIy 14acL... aa. Tayler 

FOR THOSE who wish to dig twice as 
deep into the underlying science of 

nutrition as most popular books go, 
this is an excellent approach-a wide­
ly recognized elementary college text­
book now in its fourth edition. Its main 
chapters are on: Basal metabolism; 
energy requirements; protein; mineral 
elements (three chapters) ; the vitamins 
(seven chapters) ;  milk; grains ; other 
foods (four chapters) ; diets; foods for 
mothers and babies, children, youths, 
families (four chapters) . Ample lists at 
chapter ends in turn cite more ad­
vanced literature. Extensive tables (68 
pages) give nutritive values of specific 
foods. Authors are professors of nutri­
tion at Columbia University and their 
book is trustworthy science, also free 
from fads. It is solid, yet not formidable. 
(594 pages, 5% by 8% inches, 123 illus­
trations. ) -$3.85 postpaid.-AG.I. 

DYI.AJlICAL DALOCIES 

By Bury F; Ilsoa 

ENGINEERS concerned with analysis in 
unexplored fields find that the ap­

plication of analogies with fields which 
are better known makes it possible to 
visualize more readily the relations and 
actions between the known and the 
unknown. The analogies presented here 
deal with electrical, mechanical rec­
tilineal, mechanical rotational, and 
acoustical systems, the text being ar­
ranged in stages running from simple 
elements through complex arrange­
ments. ( 196 pages, 6 by 9 inches, a 
number of drawings.) -$2.85 postpaid. 
-AP .P . 

BASIC PROBLEMS I. 
CELESTIAL RAYlGATIOI 

By Bartoa aad Bolli 

PROBLEMS, examples worked out, and 
answers. They flow in a selected 

sequence designed to develop, step by 
step, the many phases of navigation. 
The authors are connected with the 
Hayden Plantarium, New York. (56 
pages, 6 by 9 inches, illustrated. ) -$1 .10 
postpaid.-AG.I. 
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T e l e s c o p l i c s 
A Monthly Department for the Amateur Telescope Maker 

Conducted by A L B E R T  G .  I N G A L L S  
Editor of the Scientific' American books "Amateur Telescope Making" 

and "Amateur Telescope Making-Advanced" 

F REEDOM from vibration in a tele­
scope is usually secured-or part­

ly secured, since this is a relative term 
-at the expense of added weight and 
loss of portability. Lyle T. Johnson had 
built his first telescope when in high 
school and found it vibrated badly in 
the slightest breeze. Later, when an 
undergraduate at the University of 
Wisconsin and majoring in physics, he 
resolved to beat the vibration devil 
but at the same time found that he 
required a portable telescope. Often 
these two aims tend to conflict. Fig­
ures 1 to 4 show how he worked out 
this practical problem on an 8" re­
flector. 

He lived in a university dormitory 
with a flat deck roof and could store 
his telescope in the attic. To use it he 
had each time to carry it in five 
knocked-down parts up a ladder, 
through a small trap door in the roof, 
and assemble it on the roof, reversing 
the same patient processes after ob­
servation. He built the telescope main­
ly of wood, and its knock-down was 
made possible by removing five wing 
nuts and loosening some others. 

The pier is made of two-by-fours 
and opens up like a jaw when the wing 
nuts that attach the diagonals (Figures 
1, 2) are removed. Polar axis drops out. 

The polar axis " is a composite of steel 
and wood. Apparent in the photographs 
is its box trus� made of one two-by­
ten, two two-by-sixes, and a two-by-

Fiqure 1 :  Johnson's refleclor 
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four, the first three of these being neat­
ly tapered. Within this box " truss is a 
1%" steel shaft with a two-roll ball 
bearing at either end. Later, when a 
clock drive is added, it will drive the 
shaft continuously but the wooden truss 
will be movable on it to permit pointing 
the telescope at different objects. 

The declination axis is 25" of 1%" 
shafting with a narrow 9" pulley on the 
tubeward end, to which the tube cradle 
(Figure 3) is attached. This pulley 
rolls on three ball-bearing rollers 
(Figure 4) mounted on the wooden 
truss of the polar axis and there is a 
second bearing on the ' opposite side of 
the truss. The end thrust is taken by 
brass plates on the truss and there is a 
simple wooden declination clamp. 

Because two things cannot occupy the 
same space at the same time, the 1%" 
declination axis had to be offset 1%" 
from the 1%" polar axis shaft. This 

Fiqure 2: Nole polar axis 

necessitated the addition of a small 
auxiliary counterweight and this, 
Johnson states, was found to vibrate 
when touched-a pointer for others. 

The tube is all wood, made of eight 
pieces each %" by 2%", attacaed to 
three doubled, grain-crossed, and glued 
wooden rings. The cell is also of wood. 
The tube is attached to its cradle by 
means of four wooden turn-buttons 
with wing nuts to snug them up. If, 
during observation, the eyepiece posi­
tion becomes awkward, it is but a 

moment's work to remove the tube, 
rotate it in the hands and re-attach 
it in a new position-a fairly good and 
simple substitution for a turning ring. 

The mirror will pass the diffraction 
test, Johnson says, and when analyzed 
by the Wright method ( "A.T.M.", p. 
257) the maximum departure is less 
than half a millionth inch. It is mounted 
on a three-point support. 

The tel�scope is now at the Wash­
burn Observatory, University of Wis­
consin, Madison, Wisconsin, where it 
is used by members of the Madison 
Astronomical Society. Johnson (Box 
236, La Plata, Md.) is now a Junior 
Physicist at the National Bureau of 
Standards. 

The impression created by close ex­
amination of the original photographs 
under a glass is that all details of this 
telescope are neat and shapely-there 

Fiqure 3: Cradle and bullons 

are no cobbled-up messes-yet the cost 
of such a mounting should be low. This 
telescope is not presented as spectacu­
lar or remarkable but rather as one 
good, inexpensive model for a solid 
telescope of modest size that is within 
the range of the average beginner or 
near beginner-near beginner because 
it perhaps is best, all things consid­
ered, deliberately to c�bble-up the first 
telescope and use it for a time in order 
to let certain practical facts " sink in. 
As Johnson says, "This 8" telescope is 
superior in every way to my oid 6" ,  
due to the application of  experience 
gained in the construction and use 
of the first one." 

STILL another variation on the origi­
nal theme of the conventional pitch 

lap is offered by C.  R. West, Timpas, 
Colorado, who simply ladles melted 
pitch on the tool from a spoon and in 
the desired pattern of pitch and spaces. 
If the pitch is placed in . the correct 
quantities at the correct places, no 
channeling is necessary-just some pre­
liminary re-heating and pressing to 
spread it and flatten it. 
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COM PLETE H IGH·GRA DE KITS 
O U R  SPEC I A LTY 

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, made 
4" Kit $2.95 
6" Kit 4.00 
8" Kit 6.5 0 

10"  Kit 10.00 
12" Kit 1 5 .00 

P R I S M  

( Pyrex, $4.00) 
( Pyrex, 5.50) 
( Pyrex, 8.00) 
( Pyrex, 15 .00) 
( Pyrex, 25.00) 

S 
1 V. " suitable for 6" or 8" mirron 

A L U M I N I Z I N G  
A harder and brighter aluminum casting tbat i. 
uniform. and produces a lasting and superior r. 
fleeting surface. Guaranteed not to peel or blister 

6" . . . . . . . . . . . . . . . . . . . . . . . .  $2.50 
8" . . . . . . . . . . . . . . . . . . . . . . . . $3.50 

1 0" . . . . . . . . . . . . . . . . . . . . . . . .  $5.00 
Mirrors for Cameras, Range Finders 

and other optical instruments. 
Write for FREE ILLUSTRATED CATALOGUE 

T H E  PRECISION OPTI C A L  CO. 
1 001  East 1 63rd Street 
New York 59, N. Y. 

CZ" qgyi c:7��SCO 
A Popnlar Illustrated 

Astronomical Monthly 
For amateur astronomers - new star 
charts, Gleanings for telescope makers, 
page for oBserv:ers, and celestial photos. 
$2.50 a year, domestic ; $3 .00 in Canada. 

Single copy, 25 cents. 

SAMPLE COPY ON REQUEST 

SKY PUBLISHING CORPORATION 
HarVard Observatory, Cambridge 38, Man. 

REFLECT I N G  TELESCOPE KITS 
O U R  SPECIALTY 

PARABOLIC PYREX MIRRORS Made to order , 
correctly figured, pOlished, and parabolized. Precise 
workmanship guaranteed. Prices on request. 

WE DO POLISHING, PARABOLIZING, AND 
ALUMINIZING 

Send for FREE ILLUSTRATED CATALOGUE 

M. CHALFIN 
G.P.O. Box 207, N ew York, N. Y. 

SURFACE HARDENED 
ALU M I N IZED 

COATINGS 
Highest reflectivity and maximum service are 
factors which have made SURFACE HARDENED 
ALUMINUM COATINGS 80 highly atisfactory 
for optical instruments used in the ARMY and 
NAVY as well as for peace time research work. by 
Professionals and Amateurs . 

Have your mirrors coated with the best. 
Prices: 4"-$ 1 . 75, 6"-$2.50, 8"-$3.50, 10"-$5.00 
and 12%"-$8.00 

LEROY M. E. CLAUSING 
5507·5509 Lincoln Ave., Chicago, I I I . 

TELESCOPE 
MAKERS 

Quality materials of the RIGHT kind. 
6" Klt :-Glass, abrasives, pitch, rouge. and 
Instructions . . . . . . . . . . . . . . . . . . . . . . . . . . . .  $5.00 
H O B BYG RAFS-I N F O R M ATIO N-I'NSPECTIOlil 
We olrer you the benellt of our 24 years 
of experience at this hobby. Send for free 
price list. 
John M. Pierce, 11 Harvard St. , Springfield, Vt. 
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First attempts at such a lap prob­
ably wouldn't look exactly artistic but 
practice teaches much. For a regular 
polishing lap West extends a number 
of parallel wavy lines continuously 
across the lap and finds it produces 
a smooth mirror surface free from 
zones. For mirror defects he pours spe­
cial laps having whatever outline he 
wishes. It's all quick and simple. 

In the kitchen the ladies add frills 
to cake frostings with a kind of squirt­
gun loaded with sugary goo, and some­
thing of this kind might be used for 

Figure 4: Pulley and rollers 

making laps similar to those of West; 
or this may be only a half-baked idea 
of your scribe's. It hasn't been tried 
out. A danger would be from explosion 
if a load of chilled pitch in it were re­
melted incautiously. One amateur spent 
several helpless weeks with his hands 
in big 'bandages as a result of applying 
heat to the bottom of a can of pitch. 
As the bottom layer melted and ex­
panded, the pitch had no place to go 
and the can blew up in his face. He 
was really pretty seriously injured. 
Thereafter, when re-melting pitch in a 
container, he started by melting an 
escape channel from the top down, at 
one side. Worth remembering, he 
thinks. 

THIS MONTH we have a new addition 
to the turret telescope family, a 

simple refractor (Figure 5) with an 
auxiliary optical flat, designed by 
Winston C.  Juengst, New York, N. Y. 

As in all turret telescope designs, 
Juengst's idea aims at comfort and ease 
of observation, as a turret is sealed 
equally to winter's cold and summer's 
'skeeters. A simpler and neater design, 
from both optical and mechanical 
standpoints, is the chief contribution. 

In Juengst's design only one extra 
optic, in addition to the usual refractor, 
would be required. This is an alumi­
nized optical flat about 1.5 times as 
large as the O.G. diameter. As Porter 
well emphasizes, such a flat would have 
to be a good one, say to a tenth wave or 
better. However, a good reflecting tele­
scope should be made to one eighth 
wave to give maximum performance, 
so this should not stump anyone who 
can make a first class reflector. Fur­
thermore, the flat will be a valuable 
aid in constructing the O.G., so the 
same effort will serve two purposes.  

Other advantages to the design are 
fairly obvious. All parts of the heavens 
and horizons can be reached with ease, 
and with the eyepiece always in a com­
fortable position below the horizontal. 

A large part of the telescope is within 
the turret, rotating upon its own axis 
for the declination setting, hence awk­
ward projecting parts and weights are 
avoided. Both axes are as stable as 
could be desired, hence both ease of 
operation and steadiness are assured, if 
the construction details are well at­
tended to. The instrument is made 
ready for instant use merely by re­
moving the cap from the flat housing. 
Auxiliary instruments, such as a cam­
era or spectographic equipment, may 
easily be supported by the turret at the 
focus. 

Two amateurs to whom the above 
description was shown, previous to 
publication, debated about it thus: 

Nip: "This turret reflector of Juengst's 
is really a modified Hartness telescope 
in principle ; see 'A.T.M.', page 50. 
What Juengst really does ill to push 
Hartness' diagonal out to and beyond 
the objective. The telescope would be 
simpler to make than the Hartness type, 
but is not so stable ; also, errors in the 
small flat would be magnified more 
than in the Hartness type with diagonal 
close to the focus." 

Tuck: "Nip is partly right. However, 
most of the turret and related systems 
in 'A.T.M.' page 50 do just this. The 
Gerrish telescope at Harvard is identi­
cal optically to Juengst's. It is an old­
timer, and appears to have been a suc­
cess. The use of a flat outside the ob­
j ective is old stuff, not a radical new 
idea." 

The Nip-and-Tuck debate was then 
referred to Juengst who commented:  
"The only reasons I submitted this idea 
were to provide a more elegant design 
mechanically, free from overhanging 
tubes, big counterweights, and so on; 
also to stimulate post-war trends 
toward turret telescopes, especially re­
fracting types. Too many good observ-

Figure 5: Juengs\'s proposal 

ing nights are lost because one's courage 
is not equal to the weather. The 
standard tolerance for a plane outside 
the O.G. is 0.1 wave. Anyone competent 
to do a good job on the rest of the 
telescope should be able to make a flat 
of that quality. But I can't see how this 
design resembles the Hartness turret." 

Unfortunately, on M\l.rch 25, after the 
above item was prepared, Juengst died. 
He had turned professional, and was 
doing optical ordnance work for the 
Navy. He was one of our earliest ama­
teur telescope makers and came an­
nually to the Stellafane conventions 
from the time he was a boy, 15 years 
ago. He was a graduate optometrist, 
University of Rochester. 
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Gold, industrial uses of . . . . . . . . . . . . . 1 2 2  
Grade labeling; threat t o  industry. . . . . . . . . 194 
Gray iron, advantages . . . . . . . . . . . . . . . . . . 83 
Grinders, carbide tool . . . . . . 1 3 7  
Gun-barrel cleaning . . . . . . . . . . . . . . . 249 
Gun-director . . . . . . . . . . . . 3 0  
Gun recoil, reduction of . . . . . . . . . . . . . . . . ' . 66 
Gyro balancer, electronic . . . . . . . . . . . . 2 5 8  

- H -
Hammers, slow-hitting . . . . . . .  : . .  
Hand-grenade fuses . 
Handlin'g of materials . 
Hardening, precision . . .  _ 
Heaters: 

Aircraft . . . . .  . 
Unit . . . . . . . . . . . . . . . . . . . .  . 

Heating:  
Electrical . . . . .  . 
Electronic . . . . 

Height gage adapter . . . .  . 
High-octane gas . . . . . . . . . . . . . . . . . . . .  . 
High ... voltage lines, copper saved in . .  . 
Highway construction, post-war . .  
Hillier electron microanalyzer . . . .  
Housing: 

"Miracle" homes of the f .J.ture . 
Prefabricated houses . . . . . . . . . .  . 

Hydraulic: 
Power transmission . . . . . . . . . . . .  . 
Puller . . . . . . . . . . . . . . . . . . . . . . .  . 

Hydroponics : 
Cotton . .  , . . . . . . . . . . . . . . . . . 
Success based on seed bed . .  . 

- 1 -

Ice formation propeller . . . .  . 
Idler, backstand . . . . . . . .  . 
Indicator, bin-level. . .  . 
Indium, vers�tile . . . . . . . . . . . . . . . . . .  . 
Innersoles, plastic . . . 
Inspection : 

Fluoroscopic . . . . .  . 
Oil hole . . . . . . . . . . . . . . . . .  . 
Rubber sheet . . . .  . 
Tables for parachute man:.lfactllrers . 
Unit, mobile . . . . .  

Instruction sheets, smiles can help . 
Insulated generator drive .. 
Insulation :' 

Felt for . . . . . . . . . . . . . . . . . . . . . . . .  . 
Low�I08S. for electrical industry . 
Pinion gears, insulated . 
Rayon, on interior telephone wires . 
Tests . . . . . . . . .  . 

Iron : 
Gray, advantages . . . . . . . . . . . .  . 
Pipe buses . . . . . . . . . . . . . . . . . . .  . 

1 83 
108 

6 1  
1 1 7  

8 1  
99 

2 74 
2 5 8  

90 
2 6 2  

6 3  
1 1 4  
1 63 

1 9 4  
2 5 2  

194 
234 

78 
1 7 2  

I S ,  2 7 1  
8 8  
8 9  

1 5 4  
1 3 2  

2 5 2  
1 5 9  
2 1 0  
2 2 6  
2 78 
194 
280 

255 
105 
185 
134 
2 2 2  

83 
1 2 8  

Tanning, offers promise t o  leather ind us-
try . . . . .  . . . . . . . . . . . . .  . 

- J 
Jeeps, industrious . . . .  
Jet-propulsion flight . .  

- K 
Kelvin bridge, new . 

- L -
Lacquer wax . . . . . . . . . . . . . . . .  . 
Lacquers, penetrating primer . .  
Lathe centers . .  _ . . . . . . . . . . 
Lattice, what is an atomic . 
Lead : . 

Industrial uses of . 
Plating . . . .  . 

Level-buoy . . . . .  . 
Light metals : 

Competition with steels . 
Materials battie . . . . .  

Lock nuts . . . . . .  . 
Loc.kheed "Lightning" . . . .  
Low-melting alloys: 

Fluxed solder . . . . . .  . 
Prototype dies made with . 
Ultra . . . . . . . . . . . . . . .  . 

Lubricants, soaps in . .  . 
Lubrication: 

Machine . . . . . . . . .  . 
Modern . . . . . . . .  . 
Speeding production . 

Luminaire, one-piece . 
Luminous paints . 

- M 
Machining: 

Ceramics with cemented carbides . .  
Piston, simplified by ingenious Jig . 

Magnetic chuck, versatile . 
Magnets, road cleaning . . . . . . . . . .  . 
Management can learn . _ . .  
Manganese, electrolytic . . .  
Marker, curved surface . .  
Marking:  

Machine for . . . . . . . .  . 
With draw dies . . . . . . . . .  . 

Marvinol, new elasto-plastic . 
Masking stickers . . .  . 
Materials handling . .  . 
Measuring roughness . . . . .  . . . .  
Mechanized tool. for the farm . .  
Menthol, synthetic . . . . . . . . . . . .  . 
Metal-forms, mass production . 

133 

2 5 5  
166 

8 7  

281 
2 1 9  
2 7 9  

3 9  

2 5 0  
186 

42 

235 
228 
267 
2 64 

1 8 5  
1 3 2  

1 6  
60 

42 
2 1 1  

3 1  
138 

3 

2 2 8  
8 4  

2 79 
3 7  

3 
2 5 2  
2 3 2  

1 83 
2 8 1  

79 
138 

61 
1 1 8 

5 1  
1 5 3  
1 99 

287 



M�tal resources dwindle. as . . . .  , . .  . 
Microanalyzer, Hillier Electronic . . . . . . .  . 
Micrometer, special . . . . . . . . . . . . . . . .  , . . .  . 
Microradiography . . . . . . . . . . . . . . . . . . . . .  . 
Mildew prevention . . . . . . . . . . . . . . . . . . . .  . 
Milkweed floss . . . . . . . . . . . . . . . . . . . . . . . .  . 
Mini!,g,. biolo�cal . .  : . . . . . . . . . . . . . . . . . .  . 
Moblle Inspectton umt . . . . . . . . . . . . . . . . .  . 
Mortar, acid-proof . . . . . . . . . . . . . . . . . . . .  . 
Mosquito' bomb . . . . . . . . . . . . . . . . . . . . . . .  . 
Motor: 

Deceleration, study of . . . . . . . . . . . . . . .  . 
Speeds, recorded automatically . . . . . . . .. . 
Thirty horsepower . . . . . . . . . . . . . . . . . . .  . 
Turns at 60,000 r.p.m • . . . . . . . . . . . . . . . .  

M
:'.!���'?'...:r��ted 

.
.

.
.
.
.
.
.
.
.
. :. '. : : : : : : : : : : : 

Movie films for television . . . . . . . . . . . . . .  . 
Multigraph type . . . . . . . . . . . . . . . . . . . . . .  . 

- N -

7 
1 63 
162 
1 5 6  

3 5  
268 

28 
278 
2 7 6  

3 5  

2 2 6  
2 2 7  
2 7 7  
1 3 0  
1 3 0  
2 7 6  
242 
184 

Natural gas, chemicals from . . . . . . . . . . . .  . 99 
Naval stores, conservation program . .. . .  . . . 8 2  
Nitrocellulose in lacquers ,' . . .  . . . . . . . . . .  . .  105 
Nuts, loosening ' tight . . . . . . . • . . . . . . . . . . . 2 8 1  
Nylon rope . . . . . . . . . . . . . . . .  , . . . . . . . .  . .  . .  1 7 5  

- 0 -
Octane tester t electronic . . . . . . .  . 
Office efficiency, improving . . . . . . . . . . . . . . g:r,ce equipment for factory workers . . . . .  . 

Hole inspection . . . . . . . . . . . . . . . . . . . . .  . �Ydrau1i.c power transmission . . . . . .  ' , ' . . 

&�i'�:�!f�i
.
ts·

:
·
:
·

:
·

:
·

:
·

:
· 
.' :' :' :

'
:
' < :: : : : : : : : : :  

- P 
Packaged power, truck . . . . . . . .  . 
Packaging: 

Rugged packages for foods . . . .  
Tin eans {or dehydrated foods . .  

Padding, protection . . . .  : . . . . . . . . . . . . . .  . 
Paint: 

For many purposes . . . . . . . . . . . . .  . 

t�l:O�s�l�:� .. � : : : : � : . . . . . . . . . . . .  . 

Measurements . . . . . . . . . . . . . . . . . . . . . .  . 
Progress . . . . . . . . . . . . . . . . . . . . . . . . . .  . 

Pantographic engraver . . . . . . . . . . . . . . . . .  : 
Paper: 

2 1 0  
242 

63 

159 
194 
281 
2 1 0  
2 7 8  

38 

80 
51 
87 

51 
153 

3 
1 2 4  
194 
137 

�Jh��;;i�': ': ': . � � . � � � .� : : : : : : � : : : ��9, 211 
Payroll calculator . . . . . . . . . . . . . 184 
Penicillin: 

�=�� '. '. '. '. : : : : : : : : : : : : : : : : : : : : : : 
Petroleum, prospecting for . . . . . . . . . . . . .  . 

Phosphate: 

60 
9 

208 

�oatin�s, co,:osion resistance increased by 18 

Pi 
eecis, .o.r animal use : . . . . . . . . . .  . . . . . .  105 .ft 4e-hamng . . . . .  . . . . . .  . . . . . . . 2 3 1  � I;>oxes, plastic . . . . . . . . . . . . . . . . . . . . . . .  249 

P
' mon gears, insulated . . . . . . . . . . . . . . . . .  185 

Pi�� fi��: p;'��j,i'; : : : : : : : : : : : : : : : : : : : : .  ��g 
Piston machining, simplified . .  , . . . . . . . . .  : 84 
Plastics: 

Applications . . . . . . . . . . . . . . . . . . . . . . . .  . 
Board, development of . . . . . . . . . . . . . . .  . r:�:'�:�i::- : - : . : . : .: : : : : : : : : : : : : : : : : : : : : : 
Innersoles, washable and sanitary . . .  . . .  
Marvinol, new elasto--plastic . . . . . . . . . .  . 
Materials battle . . . . . . . . . . . . . . . . . . . . .  . �iI1b,?xes . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 
p
:as�lc-glass . . . . . . . . . . . . . . . . .  . 

PO��i;�l�ic;'h�I · : : : : : : : : : : :  . .  . �o�a� ustng agricultural wastes . 

Pla:empun�Ii. �t
.� : : : : : : : : : : : : : : : :  

. .  

Plating:  
Chromium, new system for . 
Lead . . . . . . . . . . . . . . . . . . .  . 
On plastics . . .  . 

Plywood : 
Flame-proofed 
Girders . . . . .  . 

Pnewnatic : 
Disposal of refuse 
Unloading . . . . . .  . 

Pocket protection 
Polishing bobs . . .  
Polythene resins . .  
Polyvinyl alcohol . 
Post-war: 

��'!".:'.':bii�� .' : : . . . . .
. . . . . . . . . . . . . . . . . 

Aviation's hot-house . : : : : : : : : : : : : : : : : : 
i§��c;;;�'���t: : ' . ' : '

: .: : ' : .
. 
: : : : : : . : : 

Highway construction . . . . . . . . . . . . . .  
. 

"Miracle" homes . . .  , . . . . . . . . . .  , . . . .  : : 
Plans . . . . . . . .  , . . . . . . . . . . . . . . . . .  . 
Plastics tomorrow . . . . . . . . . . . . . . . . . . .  . 
Refriger,ators . . . . . . . . . . . . . . . . . . . . . . .  . 

r�;?:� � .  � :  � : .  � : : : : : . : : : : :  � :  � � � � : .  

38 
86 

186 
103 
2 2 2  
1 3 2  

79 
2 2 8  
249 
2 0 7  
2 3 2  

7 6  
1 24 
2 2 6  
1 3 6  

233 
186 
232 

1 2 2  
1 1 4 

99 
3 1  
43 

23 1 
207 

76 

2 7 2  
3 

64 
1 8 1  
2 1 6  
1 8 1  
268 
1 1 4  
194 
147 
103 
lIl9 

9 ·  
99 
3 2 

180 

Posture, improved, in industry . . . . . . . .  : . . 63 
Potato plailtics . . . . . . . .  '. . • . . . . . . . . . . . . . .  1 24 
Powder metallurgy . . . . . . . . . . . . . . . .  : . . . .  235 
Powder separator, ,electronic . . . . . . . . . . . . .  2 1 0  
Power: �ackagc:d '. . . . . . . . . .  : . . . . . . . . . . . . . . . . 38 

ransml8slOD, hydraubc . . . . . . . . . . . . . . .  194 
Power eggs changed quickly . . . .  . . . . . . . . .  264 
Precision: 

For every plant . . . . . . . . . . .  . . . . . .  . . . . . .  1 60 
Hardening . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 1 7  

Printing plates, plastic and paper . . . . . . . .  2 2 6  
Production: �asli. pr<>;<luction metal-forms . . . . . . . .  . .  199 

eldlDg m . . . .  , . . . . . . .  . . . . .  . . .  . . . . . . .  1 5 7  
Propellers: 

" 
Checking by X-ray . . . .  . . . . . . . . . . . . . . . 80 
Ice formation prevented . . . . . . . . . . . .  1 5 ,  2 7 1  

Prospecting for petroleum . . . . . . . . . . . . . . .  208 
Protractor, lock-type . . . . . . . . . . . . . . . . . . . 8 7  
Puller, hydraulic . . . . . . . . . . . . . . . . . . . . . '234 

- Q -
Quench tempering . . . . . . . . . . . . . . . . . . . . . . 8 7  
Quenching, bright gas . . . . . . . . . . . . . . . . . . .  134 

- R -
Radio: 

Frequency-modulation . . . . . . . . . . . . . . . . 3 
Heat . . . . . . . . . . . .  , . . . . . . . .  , . .  . . . . . .  . 29 
On the railroad . . . . . . . . . . . . . . . . . . .  . . . . 99 
Range alarm . . . . . . . . . . . . . . . . . . . . . . . . : 258 
Relays, television network . . . . . . . . . . . . .  1 2 8  

Railroad, two-way electronic telephone . . . .  2 2 4  
Rain test, fabrics . . . . . . .  , . . . . . . . . . . . . . .  268 
Rayon : 

Fiber , . . . . . . . . .  . . . . . .  . . . . . . . . . .  . . . . .  2 2 8  
Gasoline tanks, �ircraft . , . . . . . . . . . . . . . 82 
Insulation on wires . . . . . . . . . . . . . . . . . . .  134 

Refractories, Zircon . . . . . . . . , . . . . . . . . . . . .  1 5 6  
Refrigerated metals . . . . .  , . . . .  ' . . . . . . . . . . 67 
Refrigerators, post-war . . . . . . . . . . . . . . . . . .  2 1 9  
Refuse, pneumatic disposal of . . • . . . 99 
Research : 

. 

Defined . . . . . . . . .  . . . . . . . .  . . . . . . . .  . . . . 33 
Facilities available for small businesses . . 1 69 
Management . . . .. .  . . . . . . . . . . . . . . . . . .  . 3 7 
Regimentation of . . . . . . . . . . . . .. . . .  : .  . . . 5 1  
War-necelsitated . . . . . . . . . . . . . . . . . . . . .  1 79 

Resilient mounting . . . . . . . . .  . . .  . . . .  . .  . . .  2 76 
Resins: 

Dryer . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  23 1 
Impregnated wood . . . . . . . . . . . . . . . . . . .  242 
New . . . . . . . . .  : . . . . . . . . . . . . . . . . . . . . . .  2 7 2  
Polythene .  . . . . . .. . . . . . . . . . . . . . . . . . . . .  2 0 7  
Soil stabilization . . . . . . . . . . . . . . . . . . . 2 4 9  
Resurfacing compound . . . . . . . . . 8 7  

Rivet: . 
Driver . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  90 
Set . . . . . .. . . .  . . . .  . . . . . .  . .  . . .  . . . . . . . . .  186 

Road cleaning magnet . . . 3 7  
Rot-proofing . . . . . . . . . . . . . . . . . . . . . . . . . . .  2 2 7  
Roughness, measuring . . . . . . .  " . . . . . . . . . .  1 1 8  
Rubber: 

Belt splicing . . . . .  . .  . . . . . .  . . . . . .  . . . .  . .  280 
Coating propeller shafts . . . . . . . . . . . . . .  2 70 
Conductive . . . . .  . . . .  . .  . . . . . . . . . .  . .  147 . Filter of. . . . . . . . . . . . . . . .  . . . . . . . . . . . . .  1 8 2  
Sheet inspection . . . . . . . . . . . . 2 1 0  
Synthetic, see Synthetics, Rubber 

- S -
Safety increases . . . . . . . . . . . . . . . . . . . . . . .  . 
"Sand Jacks" . . . . . .  . . . . . . . . . . . . . . . . . .  . 
Sanding pad, detachable . . . . . . . . . . . . . . .  . 
Searchlight, air-cooled mercury arc . . . . . .  . 
Shark vitamins . . . . . . . . . . . . . . . . . . . . . . . .  . 
Shearproof drive . . . . . . . . .  . 
Ship turbines increase _ speed . . . .  , . . . . . . .  . 
Sludge camouflage . .  . 
Snow removal . . . . .  . 
Soap in lubricants . .  
Soil stabilization . . .  . 
Solder, fluxed . . .  . 
Sole material . .  . 
Sound : 

Conditioning . . .  . 
Deadening . . . . . .  . 
Free field sound room . 
On cellophane . . . . . . . . . . 

Soybean protein fiber . . . .  . 
Spatter-proofiing . . . . . . . .  . 
Sponge, synthetic . . . . . . . . .  . 
Spring-lock airplane fastener 
Stainless steel, more . . . . . . . . . . .  . 
Standards, value of . . . . . . . . . . . . . . . . . . . .  . 
Statistics show trends in electronics . . . . 
Steel : 

High alloy c�tition . . . . . . . . . . . . . . .  . 
Stainless, see Stainless Steel 
Wire, replaces copper . . . .  ' . . .  , . . . . . .  . 

Storage batteries, glass overcoats for . .  . 
Substitutions: 

Cork substitute . . . . . . . . . . . . . . . .  . 
Common substances . . . .  , . . . . . .  , . .  
Progress in . . . . . . . . . . . . . . . . . . . .  . 

Subway, Chicago's new . . . .  ' . . . . . . . . . . . .  . 
Sugar beet seed, improved by grindstone . .  . 
Suaar science . . . . . . . . . . . . . . . . . .  , . . . . . .  � 
Sulfur recovery . . . .  . .  : . . . . . .. . . . . . .  
Surface plate . . . . . . . . . . . . . . . . . . . . . . . . .  . 
Surpluses . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 
Synthetics : 

In marine transportation , . . . . . . . . . . . .  . 
MarYinol, new elasto-piastic . . . . . . . . . .  . 
Menthol . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 
Nylon rope . . . . . . . . . . . . . . . . . . . . . . . . .  . 

253 
204 
232 
130 
2 0 7  

41 
77 
21 
1 9  
6 0  

249 
185 

38 

28 
132 
180 
159 
2 1 7  

4 2  
4 1  

184 
255 
147 

5 7  

2 3 5  

1 29 
9 

207 
131 
205 
1 1 2  
132 
275 
2 2 0  
136 

51 

147 
79 

153 
1 75 
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Offer solutions . . . . . . . . . . . . . . . . . . . . . .  . 
Plastic-glass . . . . . . . . . . . . . . . . . . . . . . . .  . 
Plastics, see Plastics. 
Post-war . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 
Protein fiber . • . . . . . . . .  " . . . . . . . . . . . . . . 
Rubber: 

g���I��i�.
g�: .

. 
::. '. '. : : : : : : : : : : : : : : : : 

Renders natural rubber immaterial . .  . 
"Secondary" chemicals required for . .  . 
Starting point for . . . . . . . . . . . . . . . . .  . 
Uskol, for many applications . . . . . . .  . 

Soybean protein fiber . . . .  ' . ' . . . . . . . . . .  . 
Sponge . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 
Tires . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 

- T -

247 
2 0 7  

9 
2 1 7  

1 74 
233 

113 
1 78 

49 
84 

2 1 7  
41 
58 

Tachometer . . . . . . . . . . . . . . . . . . . . . . . . . . . 138 
Tanks : 

Agitator, new . . . . . . . . . . . . . . . . . . . . . . . . 281 
Concrete gasoline storage . . . . . . . . . . . . . .  1 1 4 
Rayon gasoline, aircraft . . . . . . .  . . . . . . . . 82 

Tantalite, Brazilian . . . . . . . . . . . . . . . . . . . . . ' 225 
Telepho.:le : 

Loudspeaking, eliminates "talk· listen" 
switch . . . . . . . . . . . . . .  . . . . . . .  . . . . .  108 

Two-way electronic tr-ain . . . . . . . . . . . . . .  2 2 4  
Television: 

Film. for . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 
.Receivers . . . . . . . . . . . . . . . . . . . . . . . . . .  . 
Relays . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 

Test building provides many "climates" . .  . 
Testing: 

Test plugs . . . . . . . . . . . . . . . . . . . . . . . . . .  . 
Vibration fatigue tester . . . . . . . . . . . . . . . 

Timer, split-second electronic , . . . . . . . . . .  . 
Tin : 

Cans, containers for dehydrated foods . . .  
Post-war . . . . . . . . . . . . . . > • • • • • • • • • • • • • •  

Tires: 
Cotton hydroponics point way to better . .  
Self-starting airplane . . . . . . . . . . . . . . . . . 
Synthetic . . . . . . . . . . . . . . . . . . . . . . . . . .  . 

Titanium dioxide, whitest of whites . . . . . .  . 
Tools: 

Boring tool . . . . . . . . . . . . . . . . . . . . . . . . . . 
Broken, electrochemical removal . . . . . .  . 
Compressed-air, wood carving . . . . . . . . .  . 
Grinding . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 
Plastics in . . . . . . . . . . . . . . . . . . . . . . . . . .  . 

Transparent tubing . . . . . . <' • • • • • • • • • • • • • •  

Tra�sportat.ion : 
AIr . . . . . • . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Tu<;'���� �����.;nt : : .
' : : : : : : : : : : : : : : : : : 

Turbines: 

242 
3 

1 28 
1 1 4  

1 3 6  
2 3 2  
258 

51 
99 

78 
I I I  

5 8  
2 7 7  

89. 
1 5 6  
1 3 3  

66 
2 2 2  
2 70 

13 
3 

2-70 

Blades . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 78 
Gas . . . . . . . . . . . . . . . . . . . . . . . . . . . . : 5 1 , 1 2 7  
Ship, increase speed . . . . . . . . . . . . . . . . . . 7 7  

Type, multigraph . . . . . . . . . . . . . . . . . . . .  " 184 

- U -
Ultrasonic waves . . . . . . . . . . . . . . . . . . . . . . .  1 73 
Ultra-violet rays, more chickens through . . .  2 7 5  
Uniyc:rsal centrifugal clutch . . . . . . . . . . . . .  186 
Uskol, for many rubber applications . . . . . . 84 

- V -
" V" block, imp.roved . . . . . . . . . . . . . . . . . . . 89 
Varnishes, penetrating primer . . . . . . . . . . . .  2 1 9  
Ventilator, self-powered . '. . . . . . . . . . . . . . . .  233 
Vibeston, sound-deadening composition 132 
Vibration: 

Failure reduced . . . . . . . . . . . . . . . . . . . . . . 69 
Fatigue tester . . . . . . . . . . . . . . . . . . . . . . . .  232 

Vitamins: 
Flavor and, dried-food industry . . . . . . . .  2 2 6  
Shark . . . . . . . . . . . . . .  , . . . . . . . . . . . . . . . .  207 

Voltage selector . . . . . . . . . . . . . . . . . . . . . . . .  1 3 7  

W 
Wall protection . . . .  . 
Washers, gla .. . . . . . . .  . 
Water conditioning . . . .  . . . . . . . . . .  . 
Water wells, horizontal . 
Wax : 

Alternate . . . . . . . . . . . . . . . . .  . 
From cranberries . . .  , . . . . . . . ' 

Weight sorting . . . . . . . . . . . . .  . 
Welding: 

Arc welder , . . . . . . . . . . . . . . . . .  . 
Deaerating heater section- built . .  
In production . . . . . . . . . . .  , . 
POlt-war . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 
Storage-battery welders . . . . . . . . . . . . . . . 

Whitest of whites, titanium dioxide 
Wire, ste-el. replaces copper . . . . .  
Wood, see alao Plywood: 

Better surface finishes for . . . . . . . . • . . . .  
Carving, speeded by compressed-air tools 
Distillation . . . . . . . . . . . . . .  . 
Gluing . . . . . . . . . . . . . . . . . .  . 
In the future . . . . . . . . . . . . . . . . . . . . . . .  . 
In war construction . . . . . . . 
Post-war . . . . . . . . . . . . . . . . . .  . 
Resin impregnated . , . . . . . . . .  . 
Transmuted . . . . . . . . . . . . . . . . . . . . . . . .  . 

Wound infection prevented by cellophane . 
- X -

X-ray: 
Connections cheeked by . . .  . 
New uses for . . . . . . . . . . . . . . . . . . . . . . .  . 
Propeller checking . . . . . . . .  . 

- z -
Zircon rd"ractories . . . . . . . . . . .  . 

88 
60 

2155 
21 

43 
153 
1 74 

2 2 4  
2 8  

1 5 7  
3 2  

2 3 4  
2 7 7  
1 2 9  

2 1 9  
133 

'270 
1 76 

99 
202 
180 
242 
242 
220 

5 7  
1 2  
81 

156 
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Thank You, America,./Or your 
Tremendous Endorsement 

There are cases in which deficient hearing 
is caused by a progressive disease and any 
hearing aid may do harm by giving a false 
sense of security. Therefore, we recom­
mend that you consult your otologist or 
ear doctor to make sure that your hearing 
deficiency is the type that can be benefited 
by the use of a hearing aid. 

COPY R IGHT 1 9 4 4 ,  ZEN ITH R A D I O  C O R P .  

RADIONIC PRODUCTS EXCLUSIVELY­
WORLD'S LEADING MANUFACTURER 

All Production Now lor War or Reh"bi/ilalion 

THE N E W  ZEN ITH 
RAD I O N I C  H EA R I N G  AID  

$ /.0 Re
::,

dY 

Lf" Wear 

Complete with Radionic Tubes, Crys� 
tal Microphone, Magnetic Earphone, 
Batteries and Battery-Saver Circuit. 
One model-no"decoys" . . .  One price 
-$40 . . .  One qual ity-Zenith's best. 
Covered by a liberal guarantee. 

Accepted by American Medical Asso­
ciation Council on Physical Therapy 

I Mail CouPon/< - - - - -
_ _ 

I !ENITlf RADIO C;;:�;' DescriPtive BOokl:- - - ' 
: . O. Box 6940A Ch' ATION. Dept SA 6 I 
, :;��ag����� �eui� Rl��:�::�l����jS 

. - : 
: N 

ew Zenith Radrgn�� "flee descrip_ , 
I ame______________________ 

earlng Ald. : 
I A.ddress 

------------ I I I I Cit 
------------- -_ I 

' O Y --------- ----------- I 
• PhYSicians ;h��k-·h----------- State , - -

-
- _ _ _ _ _ _ _ _ _ 

e:e.!.or speC1al lit;;�t�;;----- , 
- - - - - - - - - .:. - - _t 



• Six 6,000 h.p. 5!J�[]", -equipped motors, built by Westing­
house, each to drive a 40-ft. propeller in

· 
the largest wind 

tunnel in the world, now under construction at the Ames 
Aeronautical Laboratory of the National Advisory Committee 
for Aeronautics at Moffett Field, California, for full-scale 
aerodynamic research. 

Imagine the loads imposed upon 
6SJ � W  Bearings as six 6,000 h.p. motors 

drive six giant propellers to provide the largest 
man-made windstream in the world in which scientific 

studies are to be made by the NACA to reduce the drag and 
increase still further the speed of America's airplanes. Radial 

loads run up to 70,000 lbs. ,  thrust loads coming from the pro-
peller up to 2 5 ,000 lbs. Bearings must be rugged to take 
such loads continuously . . .  to help give our fighting 
planes more miles per hour than enemy 
planes can attain. 5414 

.'B'J�W INDUSTRIES, INC. ,  PHILA.,  PA. 

5 K F  
R O L L E R  B E A R I N G S  




