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

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

From Fundamentals to 

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

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

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

The Instant Question·Answerer for Laboratory 

and Shop Workers, Mechanics, 

Home Scientists, Students 

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

Twelve Big Volumes in One 

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

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

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

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

ASTRO",OMY� Articles cover the entire subject. Each important 
constellation is .hown on a star map so that it can be .easily 
located in the sky. Complete information on planets, use of 
telescope, spectrometer, etc. 

ZOOLOGY: The whole story of life from the tiniest single· 
celled organisms up to man himself, including vast numbers 
of common insects, molluskS, worms; birds, fish, reptiles, 
mammals. 

MEDICINE: Thorough coverage of an.atomy, circulatory sys· 
tem, nervous s.ystem, muscular system, skeletal system, excre· 
tory systems, etc. Vitamins, hormones. Bacteriology. Diseases 
-symptoms, diagnosis, treatment. Drugs. Latest researches and 
findings. 

MECHANICAL ENGINEERING: Principles of mechanics, mao 
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automobiles, aeroplanes, locomotives, etc. Steam, gaS', gaso· 
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trated. 
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which you want information. 
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INTEGRAL part of California's Cen­
tral Valley Project, described in detail 
on page 1 78, is Friant Dam, shown 
under construction in the reproduction 
on our front cover of a spectacular pho­
tograph taken at night under flood­
lights. 
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BENE FITS O F  WAR 

IN no sense questioning General Sherman's terse and 
forever accurate summation that "War is hell," and with 
not the slightest Pollyannish inclination, we nevertheless 
point out that the present world-wide conflict of blood 
carries along with it an educationally constructive phase 
that will benefit immeasurably every citizen of this country. 
For the first time in history the men, women, and children 
behind the men behind the guns must learn how to take 
care of themselves and each other when under fire-just as 
the soldier, the sailor, the marine must do in the course of 
his training. 

More than five million men and women in civilian life­
and the number grows every day-are attending classes, 
clinics, and demonstrations to master the intricacies of first­
aid and nursing, the science of fire-fighting, the mechanics of 
road repairs and demolition of dangerously damaged build­
ings, the chemical knowledge necessary for use in the 
decontamination corps, the mechanics and dangers of 
unexploded bombs and delayed-action fuses, the manipula­
tion of emergency telephone switchboards, telegraph keys, 
radio equipment, and many, many other things which most 
of us have never before felt it necessary to know. Thousands 
of women, heretofore completely competent to drive auto­
mobiles, are breaking manicured fingernails and acquiring 
"grease-monkey" hands in finding out what motivates 
their cars, how to make emergency repairs. Business men 
from every walk of life feel physically better because of the 
regular exercises incident to walking the beats and engaging 
in other physical aspects of the training of the air raid 
warden, the auxiliary fireman and policeman. 

The enormous scope of this sudden national hunger for 
knowledge of "how to do it "-particularly since Pearl 
Harbor-is somewhat difficult to grasp. Indicative of its 
magnitude, Boston called for 400 volunteer firemen, found 
1 200 on hand for the first drill; New York City has grad­
uated 20,000 volunteer "smoke-eaters" from an intensive 
15-week course; Chicago's police force is recruiting 7000 
members from 224 American Legion Posts to be trained as 
emergency police; more than a million Legionnaires have 
just been assigned by President Roosevelt the job of 
organizing and conducting-mostly at the Legion's expense 
-"schools for the training of personnel for the protective 
services in the Citizens' Defense Corps of Civilian Defense;" 
due to the unprecedented rush of men and women to 
acquire first-aid and other civilian medical information and 
training, the first-aid text book of the American Red Cross 
has been at a premium in many communities for- weeks . 

Where will all this lead us? What will be the effect on a 
nation of people who, equipped with knowledge gained the 
hard way-and it isn't easy, after the day's work is done, 
to devote four to ten hours a week to schooling-will know 
exactly what emergency treatment to apply in case of a 
highway accident? Will it not be constructive for thousands 
of industrial workers, as well as men and women in all 
branches of industry and civil life, to be familiar with the 
technique of resuscitation in accidents involving electrical 
shock, inhalation of gas, drowning, and so on? Can we 
not hope to become a nation of better automobile drivers, 
from the dual standpoints of safety and economy, if we 
understand more of the "whys" and "wherefors" of the 
"innards" of our cars ? What of the benefits to be derived 
from a broader and more intimate knowledge of foods and 
their nutritive values, of general health and sanitation, of 
waste prevention and salvage ? 
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The cumulative answer to these and similar questions 
-despite the long, hard road of war and its destructiveness 
and sacrifice-is the unqualified statement that we shall be 
a better nation, a vastly improved people. Still in hearty 
accord with General Sherman, we contend that the con­
structive forces at work today, on a hitherto unheard-of 
magnitude, will be productive of wide-spread benefit and 
welfare. As the war progresses, we shall learn-if we have 
not already found out-that the job of protecting our ways 
of life from totalitarian encroachment cannot be done with 
one hand while the other retains a golf club, a tennis 
racquet, a fishing rod, or a highball-and that doesn't mean 
we must deny ourselves recreation. To the contrary, now, 
more than ever, we need recreation to offset the additional 
stress of personal war efforts . But it does mean that we're 
faced with a two-fisted job that must be done in typical 
two-fisted American manner; that each individual, efficiently 
to perform his share, must make of himself a better executive 
for the accomplishment of his normal business, social, and 
recreative life, as well as his extra-curricular defense 
activities. 

There can be no doubt but that the forces emanating 
from efforts of civilians to fit themselves into a nation and 
a world at war have constructive characteristics. There 
can be no doubt but that the concurrent attempts of fifty 
million or more men, women, and youngsters to find the 
answer to their question, "How can I help ? "  will, at first, 
produce a certain amount of chaos, many uncomfortable 
growing pains. But, as stated in these columns before, it is 
an absolute certainty that the people of this democracy are 
organizing, are building, and will maintain the greatest 
civilian war effort ever known-and they're being am�zingly 
constructive about it .-A. D. R., IV. 

FOR THE RECORD 

SEVERE criticism has been leveled, in some quarters, 
against certain publications for the printing of information 
and illustrations that, allegedly, may have been of some 
value to the enemy.  As to the truth of this claim insofar as 
it applies to each and every individual magazine and 
newspaper in the country, we are not in a position to speak 
with authority, but we question whether any reputable 
publication has knowingly violated the code of honor volun­
tarily assumed by most editorial desks long before hostile 
action against the United States. 

So far as Scientific American is concerned, no illustrations 
or text pertaining to our national defense efforts prior to 
Pearl Harbor, or to our war activities since that date, have 
appeared within our pages which have not received the 
approval of the proper officials of the Army, the Navy, or 
the Marine Corps .-O. D. M. 
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50 Ago • 

Yea rs • • • 

(Condensed From Issues of April, 1892) 

LOCOMOTIVE-"The Brooks Locomotive Works, of Dun­
kirk, N. Y., have recently furnished the Great Northern Rail­
way with fifteen of the heaviest locomotives in use in this 
country. The general appearance of these engines may be seen 
by reference to the accompanying illustration. The cylinders 
of the first ten of these engines are \)0 by \)4 in., five of the 
ten having wagon top and five Belpaire boilers. The other five 
have Belpaire boilers and cylinders \)0 by \)6 in., which is the 
engine shown in our illustration . . . .  This locomotive will haul, 

in addition to its own and the weight of the tender, the tracks 
being in good condition and comparatively free from curves : 
On a level-4,505 tons of \),000 lbs. ; on a \)0 ft. grade-\),OlO 
tons of \),000 lbs. ; on a 100 ft. grade-578 tons of \),000 lbs." 

STREETCAR-"The Woodland Avenue and West Side Street 
Railroad Company, of Cleveland, 0., has been testing a new 
storage battery car, with the view of equipping its lines with 
the same should the test prove successful. The car measures 
\)1 ft. inside over all and is equipped with 180 cells, which are 
placed under the seats, serving to operate a forty horse power 
Ford & Washburn motor." 

INVENTORS-"The larger the number of patents granted, 
the greater will be the number of new industries established, 
and our measure of prosperity correspondingly increased. As 
a people we have everything to gain and nothing to lose by 
encouraging inventors, no matter where they live or where 
they were born." 

PECCARIES-"A recent publication of the National Museum 
contains a paper, by Mr. Frederic A. Lucas, on animals 
recently extinct or threatened with extermination. He finds 
that in nearly every instance the cause is 'reckless slaughter 
by man.' As an instance of the way in which animals may be 
rlestroyed, he refers in the introduction to peccaries. In 1 885 
these little animals were so abundant in several counties of 
Texas that their well-worn trails were everywhere to be seen, 
while their favorite haunts could be readily picked out by the 
peculiar musky odor characteristic of the creatures. Shortly 
after that date, hogskin goods being in favor, a price of fifty 
cents each was offered for peccary hides, with the result that 
by 1890 the peccaries were practically exterminated." 

OIL BURNERS-"The competition between oil fuel and coal 
is a most interesting one, and certainly shows an increasing use 
of oil where the conditions are favorable for its employment. 
Perhaps the most conspicuous of the advantages possessed by 
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oil over coal as a fuel is the readiness with which the most 
intense heat can be employed at any special point desired, and 
the economy with which it can be used for j ust the period 
required. In addition, there is a great saving of labor in the 
use of oil, and, as there are no ashes, all the work around 
the boilers and furnaces can be kept in a much more cleanly 
condition." 

CA VE DWELLERS_"The Russians have made a singular 
discovery in Central Asia. In Turkestan, on the right bank 
of the Amon Daira, in a chain of rocky hills near the Bokharan 
town of Karki, are a number of large caves, which, upon 
examination, were found to lead to an underground city, built, 
apparently, long before the Christian era. According to the 
effigies, inscriptions, and designs upon the gold and silver 
money unearthed from among the ruins, the existence of the 
town dates back to some two centuries before the birth of Christ. 
The edifices contain all kinds of domestic utensils, pots, urns, 
vases, and so forth. The high degree of civilization attained 
by the inhabitants of the city is shown by the fact that they 
built in several stories, by the symmetry of the streets and 
squares, and by the beauty of the baked clay and metal 
utensils, and of the ornaments and coins which have been 
found. " 

SPRINKLERS-"The introduction of automatic sprinklers 
has reduced the average loss per fire, within the experience 
of the Boston Manufacturers' Mutual Fire Insurance Com­
pany, where they were in service, to 8.3 per cent, and the 
average loss per claim to 6.9 per cent of what it is apparent 
that such fires and claims might have been under the previous 
conditions of protective apparatus." 

GRIPPE-"There is much truth in the remark of one who 
observed : 'The worst thing about the grippe is that you are 
sick with it so long after you get well.' '' 

RAIL SPEED-"Engine No. 385 of the Central Railroad of 
New Jersey broke all records of high speed on February \)6, 
by running a mile in 39:1: seconds, or at the rate of 91.7 miles 
per hour. The engine is a Baldwin compound. In speeding this 
engine the first mile was made in 76 seconds, the second in 6\), 
the third in 531-, the fourth in 451-, and the fifth in 39* seconds." 

PHOTO-ENGRAVING-"The first 'process' pictures, as 
photo-engravings were called, were very faulty, principally 
from the low relief obtained, which made them especially 
difficult to print in ordinary type forms, but by years of 
experiment and hard work this method of making pictures has 
been brought to such a degree of perfection as to practically 
supersede the more laborious hand engraving for quite a number 
of purposes." 

MILITARY OBSERVATION-"The presence of balloons 
over the forts and encampments in Poland is becoming more 
frequent than ever, and this fact is causing much indignation 
among Russian army officers, who are helpless to prevent mili­
tary secrets from becoming known to the German officers, who 
are known to be taking observations from a height that places 
them beyond the reach of any bullets aimed at them ... Even 
modern cannon . . .  could not be used against balloons, for the 
reason that gun carriages have not yet been made that allow of 
a perpendicular elevation. " 
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"We're backing them up" 
Marching right along with the armed 

forces of this country are thousands of 

telephone workers. 

They work side by side with the Army 

and Navy. Wherever the need is commu­

nications, you are likely to find telephone 

men and their trucks and materials. 

Day and night the order is for speed 

and more speed. 

They wear no uniforms, these telephone 

workers, but men in uniform know how 

much they are putting into the Nation's 

biggest job. They see it first-hand and 

they know it is first-rate. 

BELL TELEPHONE SYSTEM 

"THE TELEPHONE HOUR" IS BROADCAST EVERY MONDAY EVENING OVER THE N. B. C. RED NETWORI! 
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• •  G U N  S ·· 0 F I N  D U S TRY 
POINT SKYWARD 
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IN the manufacture of Koroseal, synthetic elastic 
material of many uses, made from plasticized 

polyvinyl chloride, a huge solvent recovery plant is 
needed. In relief against the sky, the towers of the 
Goodrich recovery unit present a striking appear­
ance in the photograph above. The largest of the 
towers, at the right, is 10 feet in diameter and 78 
feet high. The center one is 6! feet by 68 feet, 
while the smallest is 2� feet by 54 feet. All of the 
towers were received on the site completely assem­
bled and were erected in one piece. 
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GASOLINE MIRACLES 

Higher Octane Aviation Fuels� But Not for Hitler 

AT this moment gasoline is the most 
important commodity in all the 

warring world. It will win and lose the 
war. This does not mean just any gaso­
line; it means high-octane gasoline. It 
means the type of gasoline that Ger­
many, for all of her much vaunted 
Luftwaffe, would give almost anything 
-except Hitler-to possess . It means 
the type of gasoline which is peculiarly 
an American product, which packs the 
eventual knock-out wallop for Hitler 
and his Axis partners . 

Just what is this high-octane fuel and 
why is it peculiarly an American prod­
uct? It is American because America 
has produced more automobiles than all 
the rest of the world combined. It is 
American because America produces 60 
percent of all the petroleum used in the 
world. It is American because better 
motors kept demanding better gasoline. 
It is American because �5 years of in­
tensive search and research, trial and 
error, comedy and tragedy, have gone 
into the job of producing a fuel to meet 
the perfectionist demands of motor 
makers .  

With what success ? With such suc­
cess that even the experts would not 
have dared predict, �5, or ten, or even 
five years ago. With such success that 
motor makers are now striving to catch 
up with the perfection of available 
fuels. 

High-octane fuel is tailor-made gaso­
line, made to order from the crude ma­
terials provided by nature-made by 
cutting, patching, and sewing the very 
molecules of nature's product into new 
designs. It is one of the most remark­
able stories of modern science, of sheer 
brilliance, in the American chemical in­
dustry. 

Petroleum, source of gasoline, is na­
ture's cocktail, a grand mixture of 
chemical compounds known to the 
chemist as hydrocarbons. In a spoon-

SIDNEY J. FRENCH 
Professor of Chemistry, Colgate University 
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ful of petroleum there are, literally, 
thousands of these compounds-and 
each one is composed of billions upon 
billions of tiny, identical molecules. In 
some respects all these invisible mole­
cules are alike-they all consist of 
carbon and hydrogen atoms and, fur­
thermore, nearly all of them have their 
carbon atoms strung together like cran­
berries on a Christmas chain. Decorat­
ing each "cranberry" are "glass-headed 
pins" representing the hydrogen atoms. 
It is principally in the number of cran­
berries that make up the chain that 
these various hydrocarbons differ. 
There may be anywhere from one to 30 
berries, with the number of hydrogen 
pins always twice the number of ber­
ries plus two. 

To distinguish one of these chain 
compounds from another, the chemist 
adopts a simple expedient; he counts (in 
Latin) and adds the ending -ane. Thus, 
a chain of five carbon atoms is pentane; 
of six, hexane; of seven, heptane; of 
eight, octane, and so on. Unfortu­
nately, however, the counting scheme 
was not started soon enough and those 
hydrocarbons having less than five car­
bon atoms still bear names unrelated to 
numbers: one carbon atom, methane; 
two, ethane; three, propane; four, 
butane. 

Here, then, is our cranberry-pin 
model of pentane, with its five-carbon­
atom cranberries linked together and 
its five-times-two-plus-two hydrogen­
atom-pins stuck into the berries : 
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The gasoline family includes those 
hydrocarbons which have anywhere 
from five to nine cranberries in the 
string, plus many more deformed rela­
tives. Starting with a petroleum cock­
tail, how do we get these particular 
strings separated from the rest? 

The answer is simple : The shorter 
the chain, the lower the boiling point of 
the hydrocarbon. Heat petroleum and 
the gasoline fraction boils off first. 
Next, as the boiling point of the mix­
ture rises, comes off the kerosene frac­
tion consisting of longer chains; fol­
lowed in turn by the light lubricating 
oils, the heavy oils, the greases, and 
finally, paraffin. In this process of dis­
tillation some �o percent of the original 
petroleum mixture is obtained as gaso­
line. 

IN the days when Henry Ford's Model 
T was beginning to make history, 

the small amount of gasoline obtained 
in this manner was sufficient. So was 
the quality. But the time soon arrived 
when neither the quantity nor the qual­
ity sufficed. 

Gasoline is an explosive; that is what 
makes it function in an automobile cyl­
inder, But what a difference there can 
be in explosives. No date-conscious per­
son would take a swift kick at an old 
hat lying in his path on April the First. 
Instead, he would shove it gingerly, 
and then steadily, with his toe, and 
thus remove the hidden brick from his 
path without repercussions to the toe. 
This is the type of gasoline we need in 
modern motors-the type which pushes, 
not kicks; the type which explodes grad­
ually, not suddenly. As long as we 
stuck to the Model T car, it didn't 
make much difference what we used, 
but when motor makers began increas­
ing the compression in their motors in 
order to get a more efficient engine, the 
fuel began to kick, 
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Gasoline makers were placed squarely 
behind the eight-ball. How could they 
produce a fuel that would not knock, 
yet at the same time how could they in­
crease the quantity of fuel needed by a 
nation rapidly taking to wheels ? Sur­
prisingly enough, they did both jobs 
with one stroke of the knife : They cut 
up long molecules into shorter ones. 

Suppose we were to cut a chain con­
sisting, say, of 14 cranberries and the 
accompanying 80 pins; and suppose 
that we could cut it exactly in the mid­
dle. We would have two chains of hep­
tane. Not quite, because there wouldn't 
be quite enough hydrogen to go around. 
Thus, out of one molecule of light oil 
we have produced two of gasoline. How 
was this done in practice? By heating 
the petroleum under pressure-in tech­
nical language, thermal cracking. This 
was the ingenious scheme that was 
developed as early as 1915  to increase 
the yield of gasoline. But it did far 
more; 'it greatly increased the anti­
knock quality of the fuel. The very 
fact that there was not quite enough 
hydrogen to go around left these hep­
tane molecules in what the chemist 
calls an unsaturated state, and these 
unsaturated molecules are better fuels 
than their saturated brethren. In one 
relatively simple operation both the 
quantity and quality of gasoline were 
greatly improved. 

But there was one catch in the oper­
ation-the molecules did not always 
break in the right place; some of the 
molecules were too short to be useful in 
gasoline, others were too long. 

E YEN this great improvement could 
not satisfy for long. Motor makers 

began stepping up the compression still 
more, and the gasoline makers found 
themselves behind the parade again. 
They began putting everything they 
could think of -except water-into the 
gasoline, in the hope of finding some­
thing which would silence the disturb­
ing knock. Finally, they found the 
answer in that surprising substance, 
tetraethyl lead. Affectionately dubbed 
Ethyl, this compound, present in but 
trifling amounts, performs the miracle 
of retarding the explosion of gasoline­
and increasing the horsepower of the 
motor. Just how and why it performs 
this miracle scientists are still trying to 
find out. 

This great advance came in the �O's 
but it took the 80's to show the gaso­
line technologist just what he must do 
to make tailor-made gasoline. He had 
the goods, the raw materials, but he 
must cut them up, sew them, patch 
them, fit them to a form. It turned out 
to be a matter of just how the cran­
berries were arranged in the strings. 

Given seven cranberries and 16 pins, 
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how many different chain and cross­
chain patterns can be made? The an­
swer is, a dozen or more. We need 
consider only four in addition to the 
simple straight chain pattern. First, let 
us remove a cranberry from one end 
and place it on the side, thus: 

This is one of the numerous iso-hep­
tanes. The surprising fact is, however, 
that this particular heptane has much 
better anti-knock qualities than its 
straight chain brother. 

Now let us remove a cranberry from 
the other end and place it on the side; 
we have another iso-heptane, thus: 

Once more the anti-knock qualities go 
up the scale. 

Next, we arrange these side chains so 
that they are opposite one another, 
thus: 

Up go the anti-knock qualities again . .  

F
INALLY, we remove another berry 
and place it on the side. We have 

the iso-heptane known as triptane: 

This is the best anti-knock fuel yet dis­
covered by man. 

Here, then, is the secret of anti­
knock fuel. Take a straight chain hy­
drocarbon of the gasoline family, pull 
off carbon atoms and sew them on the 
sides like sleeves in a coat. Tailor the 
goods. Much easier said than done, 
however. 

A few years ago the fine anti-knock 
qualities of iso-octane were discovered. 
Iso-octane, like triptane, is a branched 
chain affair of the following pattern: 

Since it was the best anti-knock gaso­
line then known, it was appropriately 
assigned an octane number of 100.  At 
the other end of the octane scale was 
straight chain heptane, a highly audible 
knocker, with an octane number of 
zero. To determine its octane number, 
any given gasoline could be compared, 
in performance, with various mixtures 
of the two standards. 

On this octane scale, old-fashioned 
gasoline used by the early Model T 
had an octane number of 40 to 60; 
thermally cracked gasoline, 70.  With 
tetraethyl lead, the number could be 
boosted to about 80. Had we discov­
ered triptane before iso-octane we 
would most certainly have had a scale 
in heptane instead of octane numbers, 
because this particular iso-heptane can­
not even be placed on the octane scale. 
It is somewhere above 100.  Actually 
it delivers about 50 percent more power 
than 1 00 octane fuel. 

W
HY not use triptane for aviation 
fuel? Largely because aviation has 

been geared to 100 octane fuel and in 
time of emergency we dare not take the 
time to make the necessary change in 
motor design. Then, too, triptane, 
worth $8600 a gallon just a few years 
ago and still worth nearly $40 a gallon, 
is just a little expensive, even for war.  
It  is  safe to predict, however, that this 
tailor-made super-fuel will soon be 
available at prices low enough for use 
by Uncle Sam's air force-if we can 
find the time to make the change-over 
in motor design. 

Yes, not too many years ago the gas­
oline makers were behind the eight-ball, 
but not today. They are ahead of the 
parade and calling to the motor makers 
to catch up. How did they do it? It is 
an easy matter to rearrange cranberries, 
but it is not so simple to rearrange 
atoms in invisible molecules. 

The chemists have some strange 
chemicals which they call catalysts. 
Like traffic police, these chemicals can 
direct chemical traffic without them­
selves becoming too involved in the 
streams. They stand apart and some­
how get other molecules into the right 
lanes-get them united or separated as 
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the particular case in hand demands.  
It is these remarkable traffic police 

which have come to the aid of the 
gasoline technologist. First, the gaso­
line molecules are cracked into smaller 
bits by a modification of the old ther­
mal cracking process. Then the cata­
lysts take over and see to it that the 
fragments are reunited in the proper ar­
rangement to give the branched chain 
hydrocarbons . True, there is always 
some mix-up in the traffic; some mole­
cules never get cracked; some fragments 
never get united. But the vast major­
ity go through as planned and the 
octane number goes up. If greater per­
fection is desired-if higher octane num­
bers are wanted-this, too, can be ac­
complished by the absurdly simple 
scheme of making the molecules go 
through the traffic lanes a second time. 
Many that were not caught on the first 
passage are properly apprehended and 
redesigned in the second attempt. To 
make automobile fuel, they go through 
once; to make aviation fuel, they go 
through twice. It is as simple as that! 

pERHAPS the most interesting of the 
very recent catalytic processes is 

that known as alkylation, coupled with 
another known as isomerization. Iso­
merization merely means the making of 
a branched chain molecule out of a 
straight chain brother of the same de­
nomination. In the older thermal crack­
ing process, some butane (four carbon 
chain) was produced and, since it was 
too short of chain to be useful as gaso­
line, it was of ten_ wasted. Now it finds 
a new and strategic use. It is redesigned 
with the aid of a catalyst into iso­
butane, thus:  

In this same cracking process the un­
saturated brother of ethane (two car­
bon chain) was also produced, thus : 

Notice that these cranberries are linked 
together with two threads. 

Now, presto, the traffic catalyst 
takes command; the iso-butane and the 
unsaturated brother of ethane are di­
rected into the same channel and are 
ordered to unite. Out comes a molecule 
of iso-hexane with an octane number of 

96, like this : 

This is the type of reaction which is 
of great importance in the production 
of Uncle Sam's modern aviation fuel. 
Add a dash of tetraethyl lead and we 
get 100 octane fuel. 

Octane numbers are very deceptive; 
they do not mean what they say be­
cause the power goes up much faster 
than the numbers. Triptane, with a 
power output of 50 percent more than 
100 octane fuel, would actually have an 
octane number of about no. The best 
that Hitler can get today is 87 octane 
fuel and this is 30 percent· less efficient 
than 100 octane variety. This means 
that Hitler's planes must be content 
with less speed, lower ceilings, smaller 
cruising ranges, longer times for climb­
ing to a given altitude, and more wear 
and tear on the motors-all to the tune 
of some 30 percent less in efficiency. 
What could we do if we could utilize 
our now available no octane fuel which 
should give us some 80 percent more 
effective power than Hitler can now 
get ? 

THERE is still another side to this 
amazing story of tailor-made prod­

ucts from gasoline. In World War I we 
heard much about Germany's strangle­
hold on coal-tar 'chemicals-dyes, 
drugs, and explosives-and we suffered 
much because we had naIvely depended 
on Germany to provide them for us. 
These coal-tar products are all based on 
hydrocarbons-but of quite a different 
type from those found in gasoline. In­
stead of being in a string, the cranber­
ries are found in rings, six to a ring. 
And for each cranberry in the ring there 
is only one hydrogen pin, thus : 

Note that the compound is unsatur­
ated. It is our model of benzene, with 
its famous hexagon. To get others of 
these circular hydrocarbons, we may re­
'move one or more pins and substitute 
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decorated cranberries. Thus, we may 
have: 

This is our model of toluene, famous as 
the basis of TNT, most important of 
modern high explosives. 

A FEW years ago cyclic hydrocarbons 
of this type could be obtained only 

from coal tar. Now we can make them 
from gasoline. So desperate were we 
for toluene during World War I that 
city coal gas plants were stripped of 
their toluene. Today, in the brand-new 
hydroforming process, gasoline mole­
cules are catalytically denuded of half 
of their hydrogen atoms, then are di­
rected by the catalyst to curl up and tie 
their ends together. Presto! From 
straight chain heptane we get circular 
toluene. 

So, today we can make our explo­
sives-and even drugs and dyes, if  
necessary-directly from gasoline. We 
need no longer fear a shortage of to­
luene. Strange thing: in Hitler's coun­
try, with its paucity of petroleum, they 
are making gasoline from coal; in Amer­
ica, we reverse the process and make 
coal-tar products from gasoline. And 
incidentally, this same toluene is an ex­
cellent anti-knock fuel for motors, hav­
ing an octane number above 100.  

Gasoline can provide the premium 
fuel for our planes and the bombs to 
drop from them-what else can it do? 
It can-and probably will have to­
provide the rubber for the tires. Gaso­
line provide rubber! Yes, strange as it 
may seem. The basic molecule from 
which rubber is formed is an unsatu­
rated brother of butane. The chemist 
calls it butadiene. Here is the model : 

Just as hydrogen can be stripped from 
heptane to make toluene, so, too, it can 
be stripped from butane to

' 
make buta­

diene. Again a catalyst is put to work 
directing a side chain onto this buta­
diene molecule. Then, much as iso­
hexane is made, these fundamental units 
are tied together into long, folded 
strings of synthetic rubber. Given time, 
we can make all our rubber from gaso­
line and other simple substances. True, 
it may be a more costly process than 
draining a rubber tree, but the impor-
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tant thing is that we now know how to 
do it. 

There are many things yet to come 
from nature's cocktail. What they will 
be is hard to imagine as yet, but we 
have taken the most difficult step; we 
have learned how to re-design the mole­
cules. We will live to regret the years 
in which we have wasted precious pe­
troleum, wasted it as a child might tear 
up a rare volume to get one picture. In 
the future we will conserve it; we will 
treat it as we are learning finally to 
treat our forests, minerals, and our 
other God-given wealth of natural re­
sources.  We stand today where Ger­
many stood in 1914-master of the 
most important commodity of modern 
war. Then, it was coal tar; now, it is 
gasoline-tailor-made gasoline. 

• • • 

PYRH ELI O M ETER 

New Instrument Measures Heat 

of Sun's Rays 

P RINCIP AL use for a new type of 
pyrheliometer for measuring the heat 
intensity of solar rays that reach the 
earth is for atmospheric study, yet 
other potential applications present 
themselves.  

A florist might logically install a 
pyrheliometer in his greenhouse to de­
termine the intensity of the sun's rays 
that penetrate the glass roof at vari­
ous times. Agricultural experiment sta­
tions also might find a use for the 
device in their studies of crops and 
soils . The intensity of the infra-red ray 
used for drying paints and for similar 
operations also might be measured. 
In fact, the instrument could be ap­
plied to the intensity measurement of 
radiated heat of long wavelength irre­
spective of the visibility of that wave. 

The pyrheliometer, a type of ther­
mocouple, looks somewhat like an 
electric light bulb . The "filament" 
comprises two flat, rectangular pieces 
of a nickel-chromium alloy and a cop­
per-nickel alloy, each only 50 mil­
lionths of an inch thick, -?r of an inch 
long, and 6\ of an inch wide, joined 
end to end. This thin single piece of 
metal is then welded at the outer ends 
to vertical lead posts that lead to a 
stem which is wired for hook-up to it 
millivoltmeter. The end of the stem 
to which the posts are attached then 
is sealed into an evacuated glass bulb 
which is a sphere about two inches in 
diameter. 

The pyrheliometer is mounted ver­
tically in a fixed position with the flat 
edges of the "filament," or element, 
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Thin al loy strips in an evacuated 
glass bulb measure sun-ray heat 

parallel to the earth. The heat from 
the solar rays striking the element pro­
duces a voltage at the junction of the 
welded alloys.  This voltage is meas­
ured by sensitive millivoltmeters and 
is automatically recorded on a chart. 
This record then can be compared 
with a master chart made from known 
heat intensities. 

• • • 

EARTH RESISTIVITY: Recent attem pts 
.to correlate greatly differing elec­

trical earth resistivities in different 
regions of the United States with the 
geological structure of the earth in the 
same region shows that the resistivity 
is  usua l ly  lower in  regions of recent 
geological origin.  The resistivities 
vary from six ohms between the op­
posite faces of a cube one meter on a 
side in Oklahoma to 7000 simi lar "ohm­
meters" in Maine and 1 0,000 in north­
ern Georgia.-Bell  Laboratories Rec­
ord. 

• • 

ELEM ENT 6 1  

Appears Briefly 

Then Disintegrates 

• 

A FORM of element 61 , believed to be 
the only element of the 99! in the chem­
ist's periodic tabl@ not found i)1 nature 
and never before produced artificially, 
made a brief appearance recently as a 
result of bombardment of other ele­
ments with atomic fragments whirled 
at them by the University of Califor­
nia's cyclotron. 

The new substance stayed just long 
enough to show by its radioactivity 
that it was present and then disap­
peared completely by disintegration, 
according to Science Service. 

The experiments were made by Dr. 
Emilio Segre, research associate in the 
Radiation Laboratory, and Dr. Chien 

Shiung-Wu, research fellow. The rare 
earths bombarded were sent to Dr. 
Segre a year ago by an Italian chemist, 
Dr. Luigi Rolla. 

Element 61 belongs to the group of 
rare earths, of which there are 1 5 .  
The atomic number 6 1  means that the 
nucleus or central core of its atom has 
a positive charge 61 times that on the 
nucleus of a hydrogen atom, and this 
is neutralized by 61 negative electrons 
revolving about it like planets around 
a central sun. Each chemical element 
has various forms, known as isotopes, 
and one of these of element 61 is be­
lieved to have been discovered. 

From its position in the periodic 
table, scientists know that the atomic 
weight of element 61 should be about 
148, and can predict fairly accurately 
its principal chemical and physical 
properties. But unless and until a fairly 
stable form is found, one that will at 
least stick around long enough to be 
measured, these predictions cannot be 
verified. 

STEREOSCO PIC 

Views N o w  Possible 

With Electron Microscope 

THREE-DIMENSIONAL, or stereoscopic, 
pictures of infinitesimal bits from the 
submicroscopic world, are now possible 
by means of the electron microscope, 
it was announced recently by Dr. V. K. 
Zworykin and James Hillier, of RCA 
Laboratories, in presenting a joint pa­
per at the annual meeting of the 
American Association for the Advance­
ment of Science. 

They revealed a new photographic 
technique, which adds depth to the 
length and breadth of images as they 
appear in the micrographs, as the pho­
tographs taken directly from the elec­
tron microscope are called. With this 
new method, the scientists reported, the 
electron miscroscope, which recently 
made it possible to photograph the in­
fluenza virus for the first time, be­
comes an even more powerful tool for 
use in pure science as well as industrial 
research. 

The electron microscope is especially 
well suited to the preparation of three­
dimensional pictures, Zworykin and 
Hillier said, because of its remarkable 
depth of focus. Two pictures of the 
object are taken in succession, the ob­
ject in a special holder being tilted 
through a fixed small angle with respect 
to the instrument's axis, first in one 
direction and then in the opposite. 
When the two pictures so obtained are 
placed in an ordinary stereoscope, the 
object, greatly magnified, appears in 
its proper space relationship. 
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Test i n g  wi th  'Li ghtn i n g  B o l ts '  

Mig hty Generators Provide Two M i l l ion K i lowatts 

To P rove Efficiency of Power-Line Guard ians 

A .  P .  P E C K  

ASABOTEUR has gained entrance, by 
devious means, to a power station. 

Watching his chance, he slyly throws 
a metal bar across one of the main cir­
cuits. A blinding flash, as the power is 
short-circuited, and his work is done­
if a circuit breaker fails to accomplish 
its designed purpose of standing con­
stant guard bver the line. Or a large 
bird, touching two wires of a power 
line, may accomplish the 
same end. Sleet and snow 
storms may break and 
ground line wires, and even 
rats crawling between con­
ductors in a power house 
may cause short circuits . In 
all cases, however, circuit 
breakers of one sort or an­
other are on the job to pre­
vent the sudden surge of 
current, caused by the short 
circuits ,  from doing exten­
sive damage. 

ing of the largest types of protective 
devices before they are put into serv­
ice, is driven by a 6000-horsepower 
motor. They are designed to produce 
electric "knock-out punches" in excess 
of 2 ,000,000 kilowatts, the mechanical 
equivalent of which is over 2 ,680,000 
horsepower. It has been estimated that 
if the generators could continuously 
deliver their combined output, they 
would supply sufficient energy to light 
enough tube-shaped fluorescent lamps 
to encircle the earth twice at 

<
the 

very foundations of the laboratory 
building in which they are housed. When 
the energy is suddenly drained from 
the machines, the entire l OOO-ton mass 
of the two units recoils like a gun. 
Special spring-steel mountings take up 
the shock to protect the reinforced con­
crete foundations. 

The electric power output from the 
generators · can be fed through a bank 
of transformers in an outdoor yard 
where the voltage can be raised to 396,-
000 volts for special tests on insulation. 
Other transformers can be cut into the 
circuit to increase the current to 345,-
000 amperes. Distribution of power 
from the generators is controlled from 
two switchboards in the power labora­
tory, each 20 feet tall and studded 
with knife-type switches made of cop­
per bars about two inches wide and a 
quarter inch thick. Here, too, are 
switches which, a twentieth of a second 
after a signal from the control room, 
automatically snap shut under a pres­

sure of 6000 pounds to re­
lease the power of the gen­
erators to the equipment to 
be tested . 

For the protection of the 
high-power laboratory ma­
chinery, ten photo-electric 
cells are located at strategic 
points in the power house . 
If an arc should flash across 
the terminals of one of the 
switches or across the wind­
ings of one of the generators, 
the photo-cells would "see" 
the arc and set in motion the 
necessary mechanism to 
actuate switches that would 
disconnect the power before 
damage is done. 

But, in these days of in­
creased power loads every­
where, brought about by 
the demands of defense in­
dustries , how can it be deter­
mined in advance that the 
circuit breakers will take 
the load, will cut off the 
power in the few seconds 
that spell the difference be­
tween protection and dis­
aster? Since it is not prac­
tical to wait for such proof 
under operating conditions, 
or purposely to create short 

Man-made sleet storms test an oil circuit breaker 

For use in connection with 
the test generators there has 
been set up a series of cells 
where equipment to be 
proved can be installed and 
tested . These cells , with one 
side open; are all visible 
from a control room where 
engineers supervise the test­
ing activities through a sys­

circuits in power lines in use, Westing­
house engineers have recently put into 
regular service a high-power testing 
laboratory where protective devices 
can be proved at powers in excess of 
those to which they might be sub­
jected under the most severe field con­
ditions . 

The power source for the new test­
ing laboratory is a twin 500-ton gener­
ator set capable of delivering test 
charges carrying twice as much power 
as is produced at any instant at 
Niagara Falls.  Each of these two gen­
erators, the second of which was re­
cently completed to make possible test-

equator. The generators were designed, 
however, not for continuous service but 
for tests in which they deliver their 
energy over a time period of five sec­
onds maximum. Thus they might be 
compared to a prize fighter who can 
pack terrific power into a knock-out 
punch but cannot deliver many such 
powerful blows in succession without 
resting. In the case of generators, the 
punch is produced electrically by short 
circuiting the output of the machines . 

Spinning at their top speed of 514  
revolutions a minute, the generators' 
two 300-ton rotors set up vibrations, 
when short circuited, that shake the 
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tem of loud speaking telephones. In 
this control room, also, is located an 
oscillograph which records the results 
of tests on photographic film.  When a 
switch in the control room is closed, a 
row of notched rotating steel disks goes 
into action, synchronizing the release 
of power from the generators with the 
motion inside a circuit breaker being 
tested and with the recording instru­
ments. A twentieth of a second after 
th� notch of the first disk makes con­
tact, the master switch in the power 
house closes automatically, releasing a 
"lightning bolt" into a circuit breaker, 
fuse, or other device under test. At 
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Left: Power twins that produce momentary torrents of 2,000,000 kilowatts. Right: Power house, other testing facil ities 

the same time the oscillograph goes 
into action, recording by wavy gray 
lines the voltage and amperage of the 
electricity shot through the unit being 
tested, how quickly the device cut off 
the electricity, and, in a circuit breaker 
test, the pressure of oil or air which 
quenched the electric arc. 

A s noted earlier in this article, there 
are many ways in which a short cir­

cuit can occur on a high-power trans­
mission line. If no protective devices 
were employed, such a short circuit 
would start a flood of power through 
the electrical system 20 to 30 times as 
great as the system was designed to 
carry. If not checked, this abnormal 
power would heat up wires, generators, 
and motors, burning off insulation in 
less than a minute and creating dam­
age that it might take years to repair. 

Such disasters are normally pre­
vented by the use of circuit breakers 
of various types which stand guard on 
every power line and every branch of 
every line. Simplest of circuit breakers 
are fuses such as used in the home. 
When a short circuit occurs in a fuse­
protected line, the fuse link burns out, 
disconnecting the defective part of the 
system until the short circuit is re­
moved, yet allowing the remainder of 
the system to continue in operation 
without danger. Such fuses, although 
used on occasion even in high-power 
lines, require manual replacement be­
fore the defective circuit can be put 
back into service. Thus it is that cir­
cuit breakers are frequently employed 
to halt the flow of electricity into a 
short-circuited seetion of a power sys­
tem until the damage can be repaired. 
According to engineers familiar with 
high-power circuit operation, a major­
ity of short circuits-such as those 
caused by lightning, animals ,  and wind 
-last only for a fraction of a second. 
In such a case the circuit breaker 
opens for a short space of time and 
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then automatically reconnects the line 
so quickly that the power interruption 
is scarcely noticed . Some circuit break­
ers are designed to re-establish the con­
nection once and then, if the trouble 
has not disappeared, to open and re­
main open until manually closed; others 
will reconnect two or even three times 
before remaining open. 

But the job of a circuit breaker is 
not finished when its contacts open. In 
high-power operation, an electric arc 
is formed in the gap between the de­
vice's opened contacts. As long as this 
arc continues, the power line is not 
completely disconnected and the de­
structive high power of the short 
circuit can continue to spread to all 
parts of the system. To accomplish the 
feat of extinguishing this arc, two gen­
eral systems are employed. In one of 
them, the mechanism of the breaker is 
immersed in oil contained in a steel 
tank. As the contact breaker opens, 
under the influence of a short circuit, 
the arc is drawn into a chamber con­
taining metal plates. Magnetic action 
set up by these plates forces the arc 
into constricted sections where it is 
smothered by the oil . In the most mod­
ern of the protective devices,  com­
pressed air is used to blow out short­
circuit arcs . In less than a hundredth 
of a second a compressed-air circuit 
breaker can cool an arc from a tem­
perature of 9000 degrees to 200 de­
grees, snuffing it much as a puff of 
breath blows out a candle . 

In these compressed-air circuit 
breakers, a small relay is provided 
which instantly detects a short circuit 
and sets in motion the mechanism of 
the breaker. The relay opens a valve 
and releases compressed air against 
the top of a piston which spreads the 
breaker's contacts apart. This action 
also operates another valve, releasing 
a 150-pound blast of air which forces 
the arc into a fan-shaped chamber 
where the air pressure breaks the arc 

into short sections and annihilates it. 
In a recent · demonstration of the 

Westinghouse high-power testing lab­
oratory it was shown how the output 
of the 2 ,000,000-kilowatt generators is 
used to test these line protective de­
vices . To indicate vividly the amount 
of power employed in these tests, the 
laboratory generators were connected 
to two curved pieces of heavy wire ex­
tending upward from a fuse link. 
When the power was shot into the link, 
the fuse instantly let go, starting an 
arc which traveled upward between 
the two wites of the gap , eventually 
leaping the upper end of the gap in a 
20-foot waving, flaming, thundering 
arc as bright as the mid-day sun and 
hot enough instantly to melt the hard­
est steel . 

Continuing the demonstration, the 
same amount of power was then fed 
into an oil circuit breaker located in 
one of the test cells. Within a twen­
tieth of a second after the release of 
the 2 ,000,000-kilowatt surge of elec­
tricity-simulating conditions more 
conducive to disaster than would pre­
vail during the short circuiting of the 
highest power transmission line in exis­
tence-the circuit breaker emitted a me­
chanical grunt, blotting out the flood of 
power quicker than the blink of an eye. 

IN another test it was shown how a 
compressed-air circuit breaker blew 

out the high-power arc. To illustrate 
the magnetic forces in the cables carry­
ing the charge in different tests , the 
inch-thick copper cables were sand­
wiched between six-inch timbers, 
which were bound with half-inch rope. 
The surge of power set up magnetic 
forces which thrust the cable apart 
with such violence that the rope was 
snapped like twine and the timbers 
split into kindling. 

Another phase of power line pro­
tecting test work which is being 
accomplished at this new laboratory is 
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the checking of equipment operation 
at low temperatures. A room-sized re­
frigerator has been installed as a part 
of the laboratory, where temperatures 
of flO degrees below zero can be pro­
duced. In this refrigerator can be set 
up various types of switches, insula­
tors, and so on, to be tested with the 
high power under varying conditions 
of cold. During the recent demonstra­
tion, the temperature of the room had 
been reduced to a point where a power 
switch, mounted on porcelain insula­
tors, was covered with a thick coating 
of ice. When current, at a pressure of 
60 ,000 volts, was fed through the 
switch, a corona discharge formed 
around the porcelain insulator separat­
ing the switch contacts from the steel 
base. As the voltage was raised grad­
ually, the corona increased in bright­
ness until, at lQO,OOO volts, a crack of 

• • 

thunder filled the room and a bril­
liant arc jumped from the switch con­
tacts to the steel base. 

"Such tests as this tell how well in­
sulated these switches must be when 
encrusted with ice," explained one of 
the engineers in charge of the work. 
"Since ice reduces the insulating qual­
ity of po�celain, the insulators on 
these winter-proof switches must be 
made tall enough so that electricity 
will not arc, or jump, from contacts 
to base when the line carries its nor­
mal voltage." 

Thus, test torrents of electricity, cre­
ated in the mightiest laboratory of its 
kind, make it possible to avoid inter­
ruption of the flow of vital power in 
the transmission lines of the nation, 
by making doubly sure that protective 
devices can cope with even the worst 
troubles that might arise. 

• 

Reca p to Keep em Ro l l i ng 
Old Ti res and Retreading P lay I m porta nt Roles in  
A merica's Wart ime Tra nsportation Picture 

J U L IAN J .  W I L SON 

U
NLESS his automobile, truck or 

motorcycle is used directly in 
war production, or in activities 
deemed essential to the national wel­
fare, the American car owner cannot 
buy a new tire for some time to come. 
Conceivably, this might not be pos­
sible until complete victory is achieved 
over Japan and her Axis partners. 
And, so far, no responsible official has 
stepped forward to predict that this is 
going to be a short war. 

Just how much tire rationing may 
disrupt our national life is 
hard to say. For a people 
who have centered so much 
of their industrial and recre­
ational habits around the 
easy transportation facilities 
of the automobile, the rub­
ber shortage will not be 
painless . Realizing this fact, 
the motorist has been ask­
ing the gasoline station at­
tendant and the garage 
mechanic one question: 

"How can I get more 
miles out of my present 
tires ?"  

panies. They say emphatically that 
there are two things the motorist can 
and must do to get the maximum mile­
age life from his tires . First, he will 
have to eliminate those practices which 
waste the miles of service that are now 
available in his tires. Secondly, when 
present tires have delivered all of the 
safe mileage of which they are poten­
tially capable, the car owner should 
have these tires retreaded, if possible, 
thereby insuring many additional thou­
sands of miles of safe dependable 
serVICe. 

Taxicab owners, trucking fleet oper­
ators, and others have long recognized 

the economy of the extra tire mileage 
made possible by retreading. Instead 
of discarding a tire when tread wear 
has approached the danger point, these 
operators have had it retreaded for 
less than the cost of a new tire. Rec­
ords show that one taxicab operator 
has had sets of tires retreaded as many 
as five times, and these tires are still in 
use after delivering over 100 ,000 miles. 

It m'ust be pointed out, however, 
that no tire can be retreaded indefi­
nitely. Regardless of tread condition, a 
tire is only as good as its cord body. 
It is considered practical to retread a 
tire a second or third time, if the cord 
body and sidewalls of the tire remain 
in good condition. But if the cord body 
has been damaged or weakened to the 
point where it will not stand. up for 
the additional miles which a retread 
is capable of giving, it is a waste of 
rubber to retread it the first time . 

IN a bulletin to the rubber industry 
establishing maximum prices for re­

treading, put into effect January 1 9th, 
the Office of Price Administration has 
given technical definitions of the terms 
used throughout the retreading indus­
try, to clarify the rulings of that de­
partment. These definitions are as fol­
lows : 

"Retreading means the process of 
reconditioning a tire by removing all 
the original tread rubber from the 
worn tire down to the fabric and 
applying new rubber to the tread sur­
face and sidewalls; 

"Recapping means the process of 
applying a top cap or full cap to a 
used rubber tire; 

"Top cap means a tread renewal 
where the worn tread of the tire is 
buffed off the top surface of the tire 
and new rubber is applied to the tread 
surface only; 

"Full cap means a tread renewal 
where, in addition to buffing off the 
worn tread, the shoulders of the tire 

also are buffed below the 
shoulder design and new 
rubber is applied to both 
the tread surface and tire 
shoulders; 

"Camelback means the 
uncured rubber compound 
applied to the worn tire to 
make the new tread in the 
process of retreading." 

The answers to this ques­
tion are brief and simple, 
according to development 
engineers of the rubber com-

Left: Examination determines condition of cord body. 
Right: Rasp smooths uneven parts to a un iform surface 

The retreading or full 
capping of passenger car 
tires, as defined above, how­
ever, was made impossible 
by an OPM order effective 
January lQ,  which stopped 
all production of camelback 
of the sizes used for "re­
treading" or "full capping" 
of passenger car tires. On 
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February 19 an order went into effect 
rationing the camelback material for 
all purposes. 

These rulings, made because of the 
necessity of conserving every possible 
ounce of rubber for wartime purposes, 
may, in reality, help the motorist to 
get more mileage from his tires. Before 
the rubber shortage it was the practice 
of many drivers to overwork their tires 

claimed rubber can be mixed with 
new rubber in definite proportions and 
be used again for retreading. 

The question most frequently asked 
is : "How will the mileage of a re­
treaded or recapped tire compare with 
that of a new tire ?"  No truly accurate 
answer can be given. That depends on 
the condition of the cord body of the 
tire, the methods under which it is 

recommended air pressure for tires on 
many cars. If such a tire is operated at 
�7 pounds pressure, �1 percent of its 
potential mileage is wasted . A drop to 
�1  pounds pressure will result in a 
waste of 5� percent of its normal mile­
age life . The average tire loses three 
pounds of air a week, and should be 
inflated regularly to keep it to the 
recommended level. 

Nor should over-inflation 
be practiced if the operator 
expects to get full mileage 
from his tires. Over-inflation 
reduces the amount of tread 
in contact with the road, 
induces slipping or spinning 
of the tire in stopping and 
starting. An over-inflated 
tire is also more susceptible 
to cuts and rim bruises . 

and to disregard simple 
rules for getting the great­
est possible mileage from 
the original rubber. Too fre­
quently, tires were run past 
the danger point , where the 
tread rubber was almost 
completely worn off, leaving 
parts of the cord fabric ex­
posed to wear. As a result, 
many tires which could 
have been top capped a rel­
atively few miles earlier, 
have had to be discarded. 
Longest mileage at lowest 
cost per mile can be ob­
tained if the tire is top 
treaded when �o percent to 
�5 percent of the normal 
tread life of the tire remains . 

left: Tread stoc:k, or c:a melbac:k, is a pplied and,  r rightl 
vulc:anized to bond to tire body and to form new tread 

Another thief of tire mile­
age is a wheel which is not 
in proper alignment. This 
shows up vividly in field 
tests. When two opposite 
wheels on an automobile do 
not run parallel to each 
other, one grips the road 
and runs in a straight line. 
The other is dragged side­This means a covering of 

To- inch to :g inch of tread rubber, which 
is sufficient to provide a solid founda­
tion for the new tread rubber and, at 
the same time, protect the cord body. 

Before a tire is accepted for top cap­
ping at a well operated retreading 
plant, it is first given a thorough ex­
amination by an experienced tire 
repairman. If the cord body shows cuts, 
breaks, or any other weakness which 
would tend to shorten the life of the 
tire after top capping, it is rejected. 
Rubber is too valuable to waste on 
weak tires . Only if the cord body is in 
condition to stand sufficient additional 
mileage will the tire be accepted. 

THE accepted tire is placed on a buf-
fing machine which brings it into 

contact with a whirling rasp to buff the 
worn tread. This provides an even 
surface to which the camelback is 
applied. The camelback is then bonded 
to the surface with a special tire cement 
which holds it in place for further· 
processing. Next, the tire is placed in 
the curing mold where the action of 
heat upon the camelback vulcanizes 
the tread and makes it an integral 
part of the original tire. 

Those tires which are not accepted 
for retreading or recapping because of 
the weakened condition of the cord 
body, while useless in themselves, still 
are not a total waste. Through chem­
ical processes, the rubber in these tires 
is separated from the cord body and 
the other materials that were used 
originally in making the tire. This re-
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retreaded, the quality of the camel­
back used, and the care it is given 
after it is returned to service. 

If only three or four of the most 
simple rules of tire maintenance and 

• 
YOU R TI RES WILL LAST 

LONGER I F  YOU : 
1 .  Keep them properly inflated 
2. Have a regular day for in-

flation 
3. Drive at m oderate speeds 
4. Keep the wheels al igned 
5. Start and stop gradual ly  
6. Have c:uts repaired imme­

diately 
7. Have experienc:ed tiremen 

c:hec:k them every m onth. 
Regardless of the effeC:+ of the 
War Produc:tion Board's order 
of February 1 9th on rationing 
of retreaded and rec:apped 
tires, this informative artic:le 
wil l  helP a ll m otorists 

• 
driving care are followed, American 
motorists can extend tire life by untold 
millions of miles . 

The two most prevalent causes of 
mileage waste are high speeds and in­
correct inflation. A tire driven at an 
average speed of 50 miles an hour 
will deliver only 60 percent of the 
mileage it will return at 30 miles an 
hour. If the speed is stepped up to 60 
miles an hour, only 45 percent of the 
potential mileage will be returned-55 
percent wasted . 

Incorrect inflation is just as wasteful 
as speed. Thirty pounds of air is the 

ways at an angle. A tire on a wheel 
which is only one-half inch out of 
alignment is dragged sideways 87 feet 
in every mile, causing excessive wear 
on one shoulder of the tire. Other 
mechanical faults, such as loose wheel 
bearings, worn bushings, loose steering 
connections, uneven brake actio::}, bent 
axles, or any mechanical condition that 
impairs the straight, true running of 
the wheels will cost miles in terms of 
'tire life. 

There is a definite schedule of rota­
tion of tires which, if followed every 
5000 miles, will add extra miles . It is 
not necessary to remove the tires from 
the wheels in making this rotation. The 
procedure is first to move the front 
wheels to the rear positions on the 
same side. On the second move, shift 
the rear wheels diagonally to the front 
position. It is good policy to put the 
spare tire into use every alternate 
5000 miles, as it is subject to deteriora­
tion if left unused for too long a time. 

National surveys, made by The Fire­
stone Tire & Rubber Company, show 
that the average motorist normally 
operates his car �O ,OOO miles on one 
set of new tires before replacing or 
retreading them. From records of field 
tests, where cars are operated under 
normal driving conditions, it has been 
definitely established that this figure 
can be raised safely to 30,000 miles, or 
even doubled, when proper precaution 
is taken in the care of the tires . 

As a result of these extensive surveys 
there has been prepared a table of rec-
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ommendations for the care of motor-car 
tires . If these recommendations, set 
forth on the preceding page of this 
article, are followed by American motor­
car drivers, the result will be an enor­
mous over-all increase in tire life . 

• • 

RECLAI M E D  

M etals From M i l l  

Chips a n d  Scale 

• 

E VERY pound of mill scale, chips, 
and grinding dust accumulated in the 
past year in the plant of a tool-steel 
producer has been carefully saved. 
Periodically, they are gathered and 
shipped to a refining plant 550 miles 
away. There thousands of dollars' 
worth of vital raw materials like tung­
sten, chromium, and vanadium have 
been salvaged and shipped back to the 
tool-steel maker to help conserve the 
nation's reserves of those strategic 
metals . 

WIRE SALVAGE 

M ade Economical by 

N ew Winch 

W IRE reclaiming winches and reels, 
produced by Gar Wood Industries, 
Inc. ,  are now being used for fast and 
economical reclamation of telephone 
line wire. The winch saves in the cost 
of removal and also in the cost of 

Ten miles of wire an hour 

maintenance since the wire removed is 
ready either for immediate re-use or to 
be sold to smaller companies for their 
requirements. 

The wire reclaiming winch will re­
claim all sizes of copper and iron tele­
phone wire from poles . The winch will 
coil ten miles of wire in one hour and 
coil this wire in a form suitable for 
immediate use. When necessary to re­
move wire to put up new lines, it has 
heretofore been the custom to pull one 

short wire at a time on a collapsible 
reel . This was not only a slow process 
but also the wire was bent around the 
arms of the reel, making the wire use­
less except to sell as junk material. 
With the new winch, ten wires (each 
a mile long) can be coiled at the same 
time at a speed of 150 feet per minute; 
the reclaimed coils of wire are nearly 
as perfect as original factory coils of 
new WIre. 

IRON RESEARCH 

Yields Method of Using 

Low-Grade Ore 

A RESEARCH project on iron ore, which 
Henry Ford pushed steadily along for 
a dozen years despite meager results , 
now has opened additional possibilities 
in metallurgy and for automotive and 
de�ense manufacture. Experiments 
have produced a way to recover iron 
from vast deposits of unwanted, low­
grade ore. But, even more significant, 
the iron obtained by the new method 
has some unusual characteristics that 
make it particularly useful in the new 
field of powder metallurgy. 

Unlike ordinary iron recovered by 
smelting, the iron Ford has obtained is 
more ductile, it resists corrosion, and 
it has magnetic properties that im­
prove motor-car performance. 

Huge deposits of poor ore, much of 
it in Michigan's upper peninsula, were 
the original object of the Ford experi­
ments.  Smelting was ruled out as a 
method of iron recovery because of 
excessive cost. Research men tried a 
number of recovery methods and 
finally settled on electrolysis. The the­
ory is not new, but Mr. Ford believes 
that an electrolytic method which 
would be feasible commercially has 
been perfected for special purposes. 

The method of recovering iron from 
low-grade ore is really a system of 
electro-plating, and for work on an 
industrial basis , cheap electric power 
is essential . The system works this 
way: Iron is dissolved out of the ore 
in chemical solution, then is plated 
out of the solution by electrolysis . One 
electrode is coated with iron 99 percent 
or more pure, which can be removed in 
sheet form. Since the sheet contains 
a slight amount of hydrogen, it is 
easily pulverized for use in powder 
metallurgy. On the other hand, if the 
sheet is heated slightly, the hydrogen 
is driven off and the iron becomes 
ductile. 

New avenues in industry seem cer­
tain to be opened by this method. The 
iron powder can be molded into high­
precision gears in a single press opera­
tion, producing a gear that needs no 
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machining. The advantages of electro­
lytic iron are not limited to manufac­
turing, according to Mr. Ford. Motor­
car performance may also be improved 
by using it. For example, cores of 
distributor coils now in general use 
sometimes tend to lose their high spark 
efficiency at high speeds because the 
core remains partly magnetized be­
tween spark impulses. The electrolytic 
iron cores produced in the laboratory 
have shown high spark output at all 
speeds because this type of iron does 
not retain magnetism between electric 
impulses. 

Of first importance in the decision 
to push the research program through 
to success was Mr. Ford's concern for 
communities near iron mines which 
had been abandoned because of the 
low quality of the ore. This has hap­
pened in several places in Upper 
Michigan. "Nobody wants that impure 
ore now because it costs too much to 
handle," says Mr. Ford. "If ore 
doesn't contain at least 40 percent 
iron, it isn't considered worthwhile to 
ship it to the furnaces. A lot of the 
ore in Upper Michigan is �o and 30 
percent stuff-it's full of dirt and other 
impurities . And that's just the kind of 
ore we have experimented with in 
working out our method of iron 
recovery." 

C O N D U CTIVITY C H EC KS 

Prove Their Value in 

Many Processes 

BECAUSE of simplicity, accuracy, 
speed, and moderate cost , the electro­
lytic conductivity method of measuring 
and checking many materials is coming 
into extensive use in laboratories, in­
dustrial plants, and in the field . This 
technique can be applied to a wide 
range of chemical values, solution con­
centrations, water purity, the degree of 
rinse, and other matters . Indeed, when­
ever the electrolytic conductivity of a 
given item can be correlated with the 
desired factor such as concentration or 
moisture content, the conductivity 
bridge serves as the logical measuring 
and checking means in providing pre­
cise readings at the mere twist of a 
knob, thereby eliminating troublesome, 
time-consuming procedures, often re­
quiring chemical analysis . 

The conductivity bridge, of the type 
built by Industrial Instruments, Inc. , 
for example, measures specific resistance 
of electrolytes from .� to �,OOO ,OOO 
ohms. Accuracy of measurements comes 
within 1 percent except for extreme 
ends of calibration, and is entirely inde­
pendent of line voltage variations .  

The conductivity bridge plays a n  im-
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port ant role in checking distilled water 
for purity, dissolved solids concentra­
tion of tap water, boiler feed water and 
condensates, acidity or alkalinity by 
conductometric titration, and water 
used in various processes where special 
characteristics are desired. 

Many organic compounds in the pure 
state have exceptionally high specific re­
sistance. Slight traces of impurities in 
these compol!nds, including traces of 
water, decrease the specific resistance to 
a marked degree. Conductivity meas­
urements have therefore been found to 
be extremely valuable in detecting 
traces of moisture or impurities in or­
ganic compounds,  and in some cases 
have been made part of the specifica­
tions since conductivity will reveal the 
presence of infinitestimal amounts of 
contaminant, or moisture, which defy 
other methods of analysis. 

And of course the conductivity bridge 
can be used as a standard Wheatstone 
Bridge for conventional electrical work 
such as checking carbon and wire­
wound resistors, calibrating rheostats 
and potentiometers, checking leakage, 
and so on. 

COFFEE S EARC H 

Fails. but Points to 

Better D iesel Fi lter 

H ow one man's passion for good 
coffee resulted in a unique industrial 
contribution to the war effort was dis­
closed recently by the Moraine Prod­
ucts Division of General Motors. 
Better Diesel engines for submarines, 
tanks, trucks, and other vital power 
applications are being produced be­
cause Earl Patch, Moraine Products 
sales manager, wanted a better cup of 
coffee and didn't know how to make it. 

Here is how the story is told : 
Item 1 .  Moraine Products, a pioneer 

in the field of powder metallurgy, 
makes bearings that soak up oil the 
way a sponge absorbs water. 

Item fl.  One day Earl Patch brought 
a percolator to the office and said: "If 
we can make a piece of metal that will 
soak up oil, why can't we make a piece 
of metal that will drip coffee?" "Why 
not? "  answered Roland Koehring, re­
search engineer. 

Item 3. Fortunately, neither Patch 
nor Koehring knew a thing about 
scientific coffee making. If they had, 
they never would have tackled the job. 
They experimented and experimented 
but without success. 

Item 4 .  Then J. H. Davis, general 
manager, got interested. He suggested 
another approach, an approach so sim­
ple it had never occurred to the others. 

Item 5. The new method works. Out 
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of the sintering furnace comes what 
looks like a cake of coarse, bright­
colored sand similar to those made by 
children. But, unlike a sand cake, it 
doesn't crumble. 

Item 6. The first batch of coffee is 
perfect. 

Item 7.  The second is fair. 
Item S. The third is terrible. 
Item 9. From a book on coffee 

Patch amI. Koehring learn why. They 
learn that the grounds lodged in the 
pores of the filter and turned rancid. 
They learn that a coffee expert can 
even spot a cracked cup by the taste 
of the beverage. 

Item 10 .  But the story has a happy 
ending. The filter was found to be just 
the thing engineers of the Detroit Die­
sel Engine Division of General Motors 
were looking for to prevent the tiny 
holes in Diesel fuel injectors from 
clogging. 

• • • 

B U S I N ESS B U I LDER:  As a result of 
industrial research, every fourth 

worker is working today in an industry 
which did not exist 40 years ago. 

• • • 

SOYB EAN FIBER 

N o w  Being Produced on 

Limited Scale 

LIMITED production of a synthetic 
fiber developed from soybeans-a fiber 
similar to sheep's wool-has been an­
nounced by the Ford Motor Company. 
Spun from a molasses-like substance 
that contains soybean protein as its 
principal ingredient, the fiber is derived 
from the lowly farm crop that lIas 
come into industrial prominence. 

The company has been operating a 
"pilot" mill at its Highland Park plant 
for several months which is capable 
of spinning upwards of 1 000 pounds of 
the fiber a day. For the present, the 
fiber production rate will be main­
tained at approximately this figure in 
a new plant in Dearborn. 

The synthetic product is said to be 
best used when blended with sheep's 
wool. Research chemists who devel­
oped the material estimate that even­
tually the thousands of pounds of wool 
now used annually in upholstery can be 
supplemented by at least fl5 percent of 
this new fiber. Early production will 
be put to this use, for which the new 
product is ideally suited because of 
natural crimp and a high degree of 
resiliency. 

The complicated processing of the 
soybean begins with the extraction of 

the oil . Protein from which the fiber 
is made, after being removed from the 
oil-free meal, is dissolved to produce a 
viscous substance that emerges from a 
500-hole spinneret looking not unlike 
fine noodles. The extruded filaments 
are run through an acid bath and later, 
after immersion in formaldehyde to 
completely set the fiber, they are cut to 
desired staple length and dried under 
controlled temperature and humidity 
conditions. The fiber is then submitted 
to a half dozen other operations, all 
of which prepare it for spinning. After 
being spun, it is shipped to the uphol­
stery mills. Wool and other fibers are 
added there. 

PI PE LIN ES 

Many M i les Built 

D uring 1 941  

AMERICA'S "underground railway," its 
network of petroleum pipe lines , gets 
longer every year. In 1 94 1  the pe­
troleum industry added more than 4500 
miles of this unsinkable transportation 
to its systems, about half of it in stra­
tegic locations directly concerned with 
national defense. The remainder was 
built in the normal, continuing expan­
sion of an industry which finds new oil 
fields every year and must connect 
them with its refineries; refined prod­
ucts are also carried from the refinery 
to the market by pipe lines . 

MANGAN ESE 

From Low-Grade Ores 

In the U n ited States 

MANGANESE sufficient for all our na­
tional needs can be produced right here 
in the United States as the result -of a 
new process for the treatment of low 
grade ores developed by the Bureau of 
Mines. Success of the process depends 
on the use of a new reagent developed 
as a result of researches in the labora­
tories of the Bureau of Mines, and 
known as DLT-95S. This reagent floats 
a good part of the worthless materials 
away from the ore, leaving a concen­
trate from which the metal can be ex­
tracted by the usual process. The Bu­
reau has also developed other reagents 
of a similar character. 

The Bureau has built, under a de­
fense appropriation, a group of pilot 
plants at Boulder City, Nevada, of 
which the first unit has begun operat­
ions. The first test of the new reagent 
was made in this mill on ore containing 
IS percent of manganese. It left a con­
centrate containing 53 percent of man­
ganese. 
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I N DUSTR I A L  
TR E N DS 

T H IS RU B B E R  SITUATION 

U p  TO the tragic date of  December 7,  1 94 1 ,  the chemical 
industry of the United States was planning, in the orderly 
manner typical of past performances, for production of vari­
ous materials for national defense. But the bombs at Pearl 
Harbor changed all this .  Where minor shortages of mate­
rials existed before, there were found drastic scarcities; 
where experimental planning for future possible production 
had been underway, there suddenly loomed the necessity for 
full-scale operation of plants still on the drawing boards . 

Synthetic rubber was the one product of the chemical lab­
oratory that received the greatest publicity after the declar­
ation of war bit even deeper into the already critical situ­
ation in natural rubber. But even today, months after Pearl 
Harbor, there is still some misunderstanding about synthetic 
rubber and its production possibilities . 

First, it must be understood that the term "synthetic rub­
ber" applies not to one product alone, but to a number of 
synthetics produced from a variety of raw materials .  Sec­
ondly, it is not the scarcity of these materials that is the 
choke point in synthetic rubber production; plants must be 
built, and electric power must be provided for operation. 

The chemists are ready with a variety of formulas for 
compounding synthetic rubbers. For some time past Du 
Pont has been making neoprene from an acetylene base, the 
resulting product having been proved by practice in a num­
ber of industrial applications . Vinyl plastics, by Union Car� 
bide and Carbon, have been substituting for rubber in many 
fields.  Koroseal, :i synthetic produccd by Goodrich, is being 
pushed to greater production figures than ever before, and a 
vehicle �ire of synthetic rubber is being made by the same 
company. Standard Oil of New Jersey will soon be heard 
from in a big way with another synthetic for tires . Into the 
same picture come Dow Chemical and American Cyanamid 
as suppliers of raw materials and Monsanto as a source of 
processing chemicals . 

In the meantime, research laboratories are working over­
time on new formulas for producing the synthetic rubbers . 
The possibilities are almost unlimited, there being literally 
hundreds of basic chemical forms, obtainable from coal, or 
oil , or both, that can be combined with other materials to 
produce innumerable types of synthetic rubbers with vary­
ing characteristics to suit almost any designed purpose. 

It appears now that, subject to change without notice, the 
aim of the whole synthetic rubber industry will be toward 
capacity for producing some 150 ,000 tons annually; this is 
about half of the probable ultimate production that will be 
necessary, it being estimated now that the goal of this in­
dustry must be placed at producing about half of our 600,-
000 tons of rubber consumed annually. By the time the 
150 ,000-ton point has been reached, it is probable that re­
search will have developed newer and better synthetics that 
can be produced at lower cost. 

In any consideration of this important phase of our all-out 
war effort, it must be remembered that chemists in the syn­
thetic rubber field are working under a suddenly imposed 
handicap. For years they were experimenting in this field 
without any immediate pressure other than that of produc­
ing a material with industrial possibilities . Then came the 
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natural rubber shortage-and insistent demands for syn­
thetics in large-scale production. There are, thus, many 
phases yet to be fully explored, phases that will undoubtedly 
change the synthetic-rubber picture when they have been 
opened up by the ingenuity of American chemists. 

50 P E RC E N T  PRODUCTION 

AN INDUSTRIAL production figure that has been widely 
quoted, but without sufficient explanation, has led to some 
misunderstanding regarding the total war effort of Ameri­
can industry. This figure places war-production require­
ments of all sorts at only 50 percent of the total produc­
tive capacity of the nation. This would seem, on the surface, 
to indicate a possibility of business as usual for many 
companies engaged in businesses outside the war effort . But 
the figure is one of those misleading overall estimates; there 
are thousands of firms engaged in luxury-item and other non­
essential production that are finding raw materials more and 
more difficult to obtain. Many of these will be forced out 
of business ,  some will obtain only a bare minimum of sup­
plies, while a few will be affected only slightly. 

Unfortunately, that 50-percent figure can be spread only 
just so thin; then it tapers off to nothing. 

PUTT IN G  WORDS O N  PAP E R  

TYPEWRITER manufacturers are feeling the demands of 
war production in two ways. The typewriter itself has 
become an implement of war, lubricating the wheels that 
produce the enormously increased amount of paper-work in 
defense industries and in government departments. At the 
same time, materials shortages have struck at typcwriter 
production a bit harder, if anything, than at many other 
industries. 

It is encouraging, therefore, to note, in a recent report 
from the Royal Typewriter Company, that these shortages 
have had, in certain aspects, a beneficial effect on the in­
dustry as a whole. Substitutes for . critical metals have been 
developed and design improvements, incorporating these 
alternate materials , have been made . Net result is being 
shown in better machines for putting words on paper, and 
the foreshadowing of even more efficient machines for lubri­
cating the wheels of peace in days to come. 

I N  N EW D R ESS 

T HE packaging industry in general is hard at work follow­
ing the general trend of re-design made necessary by the 
withdrawal from civilian use of many materials heretofore 
considered essential. Thus research is being directed toward 
plastic and paper tubes to replace the collapsible metal tubes 
used for toothpaste, shaving creams, and so on; the tin, 
lead, and aluminum formerly used will soon be out of this 
particular picture. Glass and wood are other possible alter­
nates for use where the material to be packaged can be 
adapted to such containers. 

Beyond substitutions in this industry there is a definite 
trend toward simplification of containers of all sorts .  Soon 
will be gone ornate wrappings on soap and similar products .  
Double paper coverings will b e  a thing o f  the past. Possibly 
some industries will even turn attention to the design of 
packages which can be opened by the average person with­
out the loss of at least a fingernail! 
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'Wate r� Wate r� Everywhere' 
to the sea of precious water, and cor­
respondingly to increase the natural 
output of the river during dry months 
for purposes of navigation, irrigation, 
and salinity control. Reservoir releases 
will generate electric power to be car­
ried by project transmission lines down 
the Sacramento valley to load centers . 
Finally, after the conserved waters of 
the Sacramento River have served all 
these functions and we have wrung the 
last squeal from the last drop, they will 
afford a surplus for export to the upper 
San Francisco bay region and San 

Multi ple-Purpose Centra l Val ley Proiect in  

Cal ifornia I nvolves Huge Dams, Five Cana ls 

A N D R E W  R. BO O N E  

FROM sky-scraping Shasta 
Dam on the north to 

Bakersfield on the south, ben­
eficiary of water to be carried 
by canals stretching like ten­
tacles up and down Califor­
nia's great Central Valley a 
total distance of 898 miles, 
it's a case of "Water, water, 
everywhere." 

The United States Bureau 
of Reclamation looks upon 
the Central Valley Project as 
holding greater potential ben­
efit, both locally and nation­
ally, than any conservation 
project attempted in its 88-
year history. This undertaking 
is a multiple-purpose project, 
involving construction of two 
huge dams, Shasta and Fri-
ant, and five canals, which 
jointly will : 

Improve navigation on in­
land waterways, reduce floods 
in the Sacramento and San 
Joaquin River valleys, furnish 
water to irrigate 2 ,000,000 
acres of highly productive ag­
ricultural lands, control salt­
water encroachment in the 
delta region of the two rivers 
mentioned, improve domestic 
and industrial water supplies 
in central California, and develop 
hydro-electric power for municipal, 
agricultural, industrial, and project 
uses. 

What the system of canals, and the 
water they will carry, mean to agricul­
ture and industry may be noted in 
these facts and figures: 

During the last season, ten times 
more rain fell at Kennet, in the north­
ern end of the project, than at Bakers­
field, near the southern tip. Kennet, in 
the future area of Shasta reservoir, 
which will back up 85 miles and im­
pound 4 ,500,000 acre feet of water, re­
ceived a total of 1 12 .76 inches, while 
1 l .6 1  inches (twice normal) fell at 
Bakersfield.  Some of Kennet's surplus 
will flow into the north and central 
parts of the valley, and make available 
San Joaquin River water for diversion 
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C A L I F O R N I A  
O R E  G 0 N ____ _ 1 Joaquin valley through other 

features. 
"These include the Delta 

Cross Channel to divert Sac­
ramento River water across 

UNITED b"TATES 
DEPARTMENT OF TilE INTERIOR 

BUREAU OF RECLAMATION 
the delta, Contra Costa Canal 
leading from the delta west­
erly to a bayshore industrial CENTRAL VALLEY PROJECT 

CALIFORNIA 

, ... 

.. 

Area covered by Central Valley ,Project 

to the arid southern end of the valley. 
Already, water is being delivered via 

the Contra Costa canal to Pittsburgh, 
an industrial city located in the upper 
bay region 40 miles east of San Fran­
cisco. Necessity for this supply arises 
from an increase in hardness of the 
local well water from 155 to 800 parts 
per million in 19 years, and difficulties 
of pumping against a head of 225 feet. 
Canal water is now being substituted 
for this and other pumped water. 

Shasta Dam serves a far more im­
portant function than any other indi­
vidual unit of the Central Valley 
project. "Shasta reservoir," explains 
Walker R. Young, assistant chief engi­
neer for the Bureau of Reclamation, 
"will be ()perated to diminish the sea­
sonal flood flows of the Sacramento 
River and thereby check annual waste 

and agricultural area, San 
Joaquin pumping system from 
the delta into the northern 
San Joaquin valley, and Fri­
ant-Kern and Madera canals 
to serve the southern San 
Joaquin valley. All these de­
pend, directly or indirectly, 
upon Shasta Dam. In fact, 
no one feature can be fully 
utilized unless some or all the 
others are in operation." 

Shasta-higher than Grand 
Coulee, second largest ma­
sonry dam ever built, with 
half again the mass of Boul­
der-staggers the imagination 
when you consider its pro­
portions. Located 12 miles 
above Redding, on the Sacra­
mento River, it will be 560 
feet high and 8500 feet long. 
Six million yards of concrete 
will be placed before water 
climbs toward its crest. 

Shasta will consist of a 
mass of pre-shrunk individual 

blocks, cooled by circulating river 
water through pipes imbedded in the 
mass. Upon completion of the blocks, 
they will be joined by pumping grout 
through another system of pipes, per­
manently imbedded for this purpose. 
Finally, a power plant, housed in a 
seven-story building, will involve op­
eration of five 75,000-kilowatt gen­
erators turned by turbines developing 
108,000 horsepower. The generators 
weigh 4250 tons, and 1 74 railroad cars 
will carry them from the manufactur­
ing plant to the dam site. Of the 
1 ,500,000,000 kilowatt hours of elec­
trical energy developed each year, one­
fifth will be utilized for project 
pumping, and the remainder made 
available for civil use. 

Perhaps the most unusual feature 
connected with Shasta is the long ag-
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gregate delivery line. Were you abroad 
any morning in the vieinity of Shasta, 
say at 7 : 45 ,  you would hear the com­
bined blast of 30 horns stretching in 
a . line l Ot miles long. acrosS the hills. 
And, were you standing . alongside a 
small house at CQram, .you would see 
an operator press a button starting a 
quarter-mile_ of loaded belting, known 
as ·flight 26,  moving. In a few seconds, 
flight 26 would be up to speed, pre­
cisely six miles an hour, at which in� 
stant, flight 25 would commence turn­
ing. Six> minutes after the button 
makes contact, all 26 belts , forming an 
endless delivery chain from. the gravel 
plant at Redding, are rolling, carrying 
their load .of 1 700 tons of aggregate 
toward the hoppers at Coram. By 
nightfall , 20 ,000 tons of material, the 
equivalent of 400 freight cars, will have 
been -deliverea 

TWO conveyors at . Redding alter-
nately feed the main line. One runs 

under a huge sand pile, . where it is 
loaded by severaldrawdown gates . The 
other extends under gravel piles, for 
loading with different size gravel. The 
loading operator "ships" one size ag­
gregate 'for one hour, then shifts to 
another. . Wh�n Ii ... change is · made, . he 
"
phones the

- opel'ator at Coram . Ex­
actly 138 minHtes. later, the Cor�m 
operator, noting a minute gap . in the 
:Sfream. -notifies a shuttle operator to 
shiff the deli�ery from one bunker to 
another, and delivery continues. The 
shuttle conveyor is shifted quiCkly to 
any oJ five. bunkers. 

This' conveyor . has been spoken ()f 
often as being a " ten�mile .  belL" It 
really consistS, . however� 01 40 belts. 
Aggregat e in the fi�st eight: miles is 
lifted 850 feet in 22 flights. During the 
next four transfers, it descendi( 700 
feet; the motors acting as generators to 
restore some oI the power consumed 
on the long uphiU� climb. At Coram, it 
starts another 14 flight-s for a 1 .2cmile 
travel, -at the end . of which it goes 
through a 150 ,000-ton storage pile 
before being mixed wifh concrete and 
swung out over the canyon for placing 
in Shasta Dam. Total length of the 
40 flights is 10.8 miles, and before 
Shasta is completed they will have 
transported 1 1 ,000,000 tons of sand 
and gravel to the site. 

. 

How concrete embodying �he aggre­
gates delivered along the belt line is 
placed represents certain engineering 
novelty . Flights seven to 14 of the 
second conveyor system transfer the 
aggregates from stock piles around and 
over the abutment to small storage 
bunkers at the top of the mixing 
plant . 

This plant bears the appropriate 
na,me, "The House . of Magic!' During 

a sip.gle day's run, this 
plant mixes ' 10 ,000 cubic 
yards of concrete; The 
order of mixing is fully 
automatic, and, is con­
trcilled by four men; The 
plant' is hexagonal in 
shape, stands · ·  130 feet 
high, and is fabricated of 
reinforced concrete and 
structural steeL At the 
top are five bins capable 
of storing 2 1 65 cubic 
yards Of aggr�gate, and 
two · 

bunkers £arrying 
3200 barrels of . cement. 
Following · mixing, the ce­
ment is discharged i'uto 
a hopper for the distribu­
tion cars, which operate 
on a circular track 420 
feet in diameter. This 
track cirdes the base of 
the head tower, and over 
it the · concrete is carried 
to the various highline 
buckets . 

You'd have - to climb 
Shasta Dam. conveyor belt in . back9N)Und 

257 feet to reach the hoist floor. In it 
you would find seven large three-drum 
hoists. Lines from .the hoist drums lead 
to the top ot the tower and through 
sheaves to individual cableways. Tail 
towers for the . cableways are mobile, 
and operate on five , radial runways . 
Each tower is controlled by an individ­
ual operator. Fl1>m his station, the 
operator can move the bucket out, 
lower it, trip it, haul it up, and bring 
it back for reloading, All buckets used 
on the high lines carry eight cubic 
yards, and are permanently attached. 

FRIANT Dam, near Fresno, will be 
. completed sometime in 1943 . Aside 

from a certain measure 
'
of flood con­

trol, Friant will have little value until 
its connectIng canals · are open into 
areas of critical water deficiency, espe­
cially the 160-mile Friant-Kern canal, 
of 3500 second-feet initial capacity, 
under which more than half the service 
area of the Central Valley Project jf, 
situated. 

Friant presents a construction pic­
ture differing markedly from Shasta. 
No huge lower and cableways here. 
Rather, a giant trestle stretches from 
one side of the valley along the line 
being followed by the dam. Immense 
cranes, known as "hammer-heads," 
move along the tops of the trestle.  
From the cranes buckets of concrete 
are lowered. So high do the cranes 
stand above the valley they can con­
tinue handling the buckets until the 
dam is completed . 

Friant's " house of magic," or mix­
house, is located at one end of the 
trestle, and is fed with aggregates by 

means of ' a belt conveyor and cement 
through a pipe line similar to the 
Shasta arrangement. Railroad cars, 
each carrying four four-yard · buckets 
are hauled from the mix-house along 
the trestle to the dumping area� There, 
cranes pick up the buckets singly, raise 
them in an arc to the dumping point, 
and return them to the cars . By this 
means , 5000 cubic yards of concrete 
are placed · daily. 

Like Shasta, Friant offers some new 
cOnstruction methods and practices. It 
is smaller than Shasta, yet . a  whopper 
in its own right. Friant , will be 320 
feet high and two-thirds of a mile long. 
With 2,200,000 cubic yards of concrete 
finally in place, it will be exceeded in 
size only by Grand Coulee, Shasta, and 
Boulder. 

On the downstream face, which will 
be exposed t() weather except during 
briel periods gf .overflow, an absorptive 
lining is used in the forms . .This mate­
rial is quite porous ,  and has the prop­
erty of soaking up water as the con­
crete is poured, causing the surface to 
become more dense by drawing fines to 
the surface. Because the surface is 
denser, it will resist weathering longer. 

The Central Valley Project not only 
will insure water for California's lush 
agricultural production. It also will re­
store thousands of acres lost in recent 
years to production because of water 
scarcity, and guarantee water to such 
defense industries and military estab­
lishments as may spring up in this 
region. All together, it represents a 
mighty effort· at conservation which 
bids fair to yield tremendous returns 
in many fields . 
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New P le i a des 
Recent I nvest igat ions of P roper M otions Have 

Added Two Dozen More Sta rs to the Famous C l uster 

H E N R Y N O R R I S RU S S E L L, P h. D. 
H e a d  of th e  D e p a rt m e n t  of Astro n o m y  a n d  D i rector of the  O b s e rva -
tory at P r i n ceton U n i ve rsity;  Resea rch Associ a te of the  M o u n t  
Wilson O b s e rvato ry of t h e  Ca r n eg i e  I nstitu ti on o f  W a s h i n gton 

O NE Of the most conspicuous ob­
jects in the sky is the cluster of 

the Pleiades. The brightness of its 
stars and their apparent closeness set 
it apart at a glance, and it was doubt­
less recognized long before the Greeks 
gave it the name by which we still 
know it. 

Six stars are easily seen by any nor­
mal eye; keen eyesight may raise the 
number to eight, or even to ten . A 
field-glass shows dozens, and telescopes 
reveal numbers steadily increasing 
with their power. With a modern in­
strument, of high light-power, it would 
be easy enough to photograph 1 0 ,000 
stars within two degrees of Alcyone­
the brightest star of the group. 

But, if we pointed such a camera to 
any other part of the sky and made an 
exposure of equal length, we would find 
a great number of stars ein an equal 
area of our plates . The sky is full of 
faint stars everywhere, and there can 
be no doubt that our photograph of 
the Pleiades region must show a host 
of "field-stars" which have no connec­
tion with the cluster-most of them 
lying far behind it, and a few probably 
in 

. 
front. How can we allow for this?  

The presence of the cluster should 
make no difference in the distribution 
of the stars seen in front of it or 
through it. We may expect to find the 
same number of field-stars per square 
degree as in other regions of the sky. 
Any excess (over and above the fluc­
tuations reasonably attributable to 
random sampling) may be ascribed to 
the cluster. 

For example, Trumpler, counting the 
stars of the Bonn Durchmusterung­
which goes down to about the tenth 
magnitude-finds, for the number of 
stars in the vicinity of the Pleiades : 

Distance :Xumber 
from per square 

Cen ter Number degree Field Cluster 

0 0 _1 ° 63 20 . 0  1 2  5 1  
1 ° _2 ° 56  5 . 9  36 20 
2 ° _3 ° 79 5 . 0  60 19 
3 ° _4 ° 87 4 . 0  84 3 
4 ° _5 °  1 0 4  3 . 7  108 ( -4 ) 

The number of stars per square de-

gree, in the successive zones, falls off 
to a nearly uniform value of 3.8, which 
may be taken to represent the "field ."  
If this was uniform, the number of  
field stars would be as given in the col­
umn captioned "Field ."  The excess of 
the actual numbers should represent 
the cluster members . The values 3 and 
-4 for the two outer zones are evi­
dently due to random irregularities, 
but it is evident that the Pleiades 
cluster stars extend to about three 
degrees from the center. Within this 
region there are 90 cluster stars, and 
1 08 field stars-with a probable un­
certainty of not more than five.  

BY such counts it becomes certain 
that, among the fainter stars in 

this region, we must have hundreds 
of cluster-members, mingled indis­
criminately on our plate with a larger 
number of wholly unrelated ones. To 
separate the two would be a thankless 
task, were it not for one fortunate 
thing. The Pleiades cluster is not at 
rest in the heavens . The brighter stars, 
which have been very accurately 
observed, are moving, slowly but defi­
nitely . Measures of their relative 
positions , made long ago, with the helio­
meter ( then the most accurate instru­
ment) and later by still more precise 
photographic methods, show that they 
do not change their distances and di­
rections from one another at any per­
ceptible rate, while the meridian 
observations reveal a motion of the 
whole group together southward and 
eastward, at the rate of 4/f.8 per 
ce!ltury. 

This is a rather slow motion for 
stars as bright as the leading members 
of the group; but in 20 years it dis­
places the cluster by almost a second 
of arc . Measures of a single good pho­
tograph will locate even very faint 
stars with an error less than a tenth 
of this.  So the astronomer who is lucky 
enough to have an old plate of the 
Pleiades need only take another-with 
the same telescope and of just the 
same region-measure the star-images 

on both, and apply the simple correc­
tions which allow for the fact that the 
two plates were not put into the meas­
uring-machine in exactly the same posi­
tion . The great bulk of the fainter 
stars will show little or no change of 
position in 20 years-they are too far 
away. The nearer ones (and a few 
more distant ones whose actual veloci­
ties in space are great) will hl!-ve 
moved, compared with the rest. Those 
which belong to the cluster will have 
moved by the amount and in the di­
rection which follows from its known 
yearly motion, and can be picked Olit 
by simple inspection of the list. 

By sheer luck, a star or two out of 
the hundreds on the plate might appear 
to be moving in this direction and at 
this rate, though not really connected 
with the cluster, and so might get into 
the list where it did not belong. But 
this demands a double coincidence of 
direction and rate of motion, which is 
very improbable. The fainter the stars 
considered, the slower their average 
proper motions will be, and the smaller 
the probability of such an accident . 

E VEN the best observations cannot be 
perfectly accurate, hence the final 

list has to be divided into three classes 
-stars whose observed motion agrees 
so closely with that of the cluster that 
it is almost certain that they belong 
to it; stars for which the discordance 
may arise from an accidental heaping 
up �f the errors of observation, and 
which are "probable" members; and 
those for which the discordance exceeds 
any reasonable allowance for these 
errors-which are dismissed as non­
members. The majority of these will be 
slow-moving background stars-seen 
through the cluster. A few, which 
move faster than the cluster, or in 
different directions, may lie in the 
foreground, or at more or less the 
same distance but do not belong to it .  

Trumpler, in 1 9 2 1 ,  and Hertzsprung, 
in 1 929,  applied this method to the 
Pleiades. The latter listed 1 87 cluster 
members in a region two degrees square 
centered on Alcyone-some of them as 
faint as the 16th magnitude. The 
question whether still fainter stars­
and how many-might be present 
could be answered only by long ex­
posures with great telescopes . This has 
just been done by van Maanen at 
Mount Wilson. A few plates of the 
Pleiades had been taken with the 1 00-
inch telescope in 1 9 2 1  and 1 922-cov­
ering a field 42 by 31 minutes of arc, 
with Alcyone in the center, and show­
ing images of stars down to below mag­
nitude 1 7 .5-about 800 of them in this 
small area of little more than one third 
of a square degree. The best of these 
plates, compared with some lately 
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taken, gave two pairs with 
intervals of 15 and 1 9  
years, upon which the 

. .  , '. 
I , ' 

H 
concurrent operation of sev­
eral factors . Alcyone is more 
massive, larger, and, above 

motions of stars belonging to 
the cluster would be con­
spicuous .  Indeed , when the 

�ooo �-_,������----------------------� all, much hotter on the sur­
face than its tiny neighbors . 

earlier and later plates were 
"blinked" with the stereo­
comparator, 70 stars out of 
the 800 were found to have 
moved perceptibly. All 
these, regardless of their di-
rection or rate of motion, 
were measured . It would 
have been an obvious waste 
of time to measure all the 
730 other stars, only to get 
no perceptible motion. Sixty-
seven of them--distributed 
evenly in position over the 

-O�020 

-O�060 

• 

• •  

- O�020 + O�060 

All but the brightest of the 
Pleiades appear to be nor­
mal m ain-sequence stars­
heat-engines working in the 
same way and deriving their 
energy from the slow trans­
mutation of hydrogen into 
helium by means of the now 
well known "carbon cycle."  

Alcyone and a few others 
are abnormally bright for 
their spectral type, and their 
internal composition or con­
stitution must be some­
what different . Unfortunate­
ly, none of these bright stars plate, and in magnitude be­

tween 13 and 1 6 .5--were 
chosen as comparison stars, 
and sufficed to define a dis­
tant and substantially mo­
tionless background . 

Of the 70 moving stars, 
39 showed motions so nearly 
identical with that of the 
brighter stars of the cluster 
that their membership in it 
was practically certain ;  9 
others agreed well enough 
to be recorded as probable 
members, 8 were doubtful, 
and 14 clearly did not be­
long. Six of the latter turned 
out to be moving slowly, 
and probably were members 
of the background, while the 
other eight moved as fast 
as the cluster or faster, but 
in other directions or at 
other rates. 

This diagram shows the rates of motion of the stars in 
the Pleiades observed by van M aanen. I magine a set of 
points,  each startin g  at the intersection of the l ines 
marked 0.000, and each moving at the same rate and 
direction as one of these stars. At the end of a year 
they would present the a ppearance shown in the figure. 
The com parison stars ( represented by the smal l  black 
dots ) are very remote, and move very little-indeed, 
their scatter about the starting point arises mainly 
from the smal l  errors of observation. The large group 
of dots lower down and to the right represents the 
members of the Pleiades cluster which ( within the 
errors of observation ) are moving together. The black 
doh represent stars previously identified by Hertz· 
spru n g ;  the open circles, those found by van Mcranen. 
Points inside the inner circles indicate a lmost certa in 
members of the group;  the next circle includes the 
"probable," and the last, the "uncerta in" members. 
This group of points is a l most completely separated 
from the one which corresponds to the "background" 
stars, and provides conclusive evidence of the existence 
of a moving cluster in this region. The smal l  circles 
elsewhere in the diagram indicate "foreground" stars 
of relatively fast motion. From A strophysical Jo urnal 

is double, and we cannot 
therefore find their masses, 
which might give us a clue 
to the reason for their 
peculiarities . There are sev­
eral double stars , with slow 
orbital motion, among the 
fainter cluster members , and 
these appear to be of nor­
mal mass for their bright­
ness . 

To study still fainter 
stars, we must leave distant 
systems like the Pleiades, 
and search among the near­
est stars . These are still be­
ing picked up, as parallaxes 
are measured for the faint 
stars of large proper motion 
which are detected by sys­
tematic "blinking" of pairs 
of plates taken years apart. 
There is still good hunting 

In this small area, then, there 
are almost certainly 39 and prob­
ably 48 cluster stars . This in­
cludes 26 previously identified by 
Hertzsprung; hence the inclusion 
of stars about two magnitudes 
fainter has nearly doubled the 
number. If the same proportion holds 
for the regions not yet photographed 
with the 1 00-inch , there must be about 
350 cluster members in the two de­
grees square, and very . likely 800 in 
the whole cluster, which extends be­
yond this but thins out rapidly. 

There is no sign at all that the limit 
of faintness has been reached . Includ­
ing the "possible" cluster members, 
there are 13 stars in the well-observed 
area between magnitudes 6 and 10 ;  1 0  
between 1 0  and 14 ;  and 31  between 14 
and 18  with the last count incomplete. 

It would be a conservative guess to 
say that there must be at least 2000 
stars in the Pleiades cluster, and that 
fully half of them are too faint to pho­
tograph with the 1 00-inch telescope-

but of course this is a guess . 
The distance of the cluster--though 

too great to measure directly--is fairly 
well determined by a study of the 
absolute brightness of its stars, and 
appears to be 400 light-years . On this 
basis, the faintest cluster stars so far 
observed have an absolute photo­
graphic magnitude of + 1 2-which 
means that they give out about 1 /400 
as much violet light as the Sun . 

Hertzsprung has found that the 
faint cluster stars are all red , and red­
der the fainter they are down to his 
limit of observation at the 1 4th magni­
tude. The newly discovered members 
are doubtless still redder, typical faint 
dwarfs of spectral class M, running 
down to about 1/150 of the Sun's vis­
ual brightness .  

Alcyone is 2000 times as  bright as 
the Sun (photographically) and almost 
a million times brighter than its faint­
est known associates in  the cluster . 
As in similar cases,  this enormous 
difference doubtless arises from the 
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for the observer here. Dr. van Maanen, 
reporting on his last 25 parallax 
fields, finds eight stars--one of 
them double-within 50 light-years. 
Four of them are less than 30 light­
years away, and two of these are really 
our near neighbors, with distances 1 0 .3 
and 1 1 .2 light-years . These stars , like 
almost all faint ones, are known only 
by their numbers in the catalogue of 
the observer who discovered their mo­
tions-Ross 1 28,  of magnitude 1 2 .7 
and Luyten 789-6 of magnitude 1 4 .3 .  
The second-and nearer--of the two 
is noteworthy as having the largest 
proper motion of all the stars found 
by Luyten in the great survey which 
he has made. Its motion of 3".27 
per year is exceeded by some 1 5  other 
stars, but none of these is as faint .  
The absolute magnitude + 16.8 indi­
cates that its photographic brightness 
is but 1 /30 ,000 part of the Sun's, while 
its spectrum M6 marks it  as one of 
the coolest dwarf stars which has ever 
been observed. 
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Shock l es s  S u rgery 
Ice Anesthes ia ,  Boon to  Aged i n  Li m b  Operat ions  

a n d  a Promise for War  Wounded i n  the F ie ld  

B A R C L AY M O O N  N E W M A N  

JUST in the nick of time, for use in 
saving the lives of thousands of 

war wounded---::-civilians injured in air 
raids and soldiers on

· the battlefield­
comes a revolutionary technique in 
surgery. Bloodless, shock less surgery, 
without any other anesthetic than cold, 
has been developed by the New York 
diabetic specialist, Dr. Frederick M. 
Allen. 

Also, for the first time in medical 
history, we have anesthesia of the 
whole living tissue substance, instead 
of the former crude anesthesia of 
nerves al�ile-hence a remarkable 
freedom from pain and from deadly 
shock. 

Infection is rendered far less likely. 
Emergency cases with shattered 

limbs can be painlessly, bloodlessly, 
shocklessly, transported great distances 
and, if necessary, kept waiting safely 
for many hours before operation; ice 
bags, a pail of cracked ice, or a special 
refrigeration apparatus,  as well as a 
tourniquet, is all that is needed. 

The patient is ready for immediate 
operation any time after the limb has 
been thoroughly chilled, without 
further ado, without even a local anes­
thetic. 

Here is a veritable boon for China, 
for Russia, or on any battlefield where 
anesthetics, antiseptics , drugs , may be 
lacking; a boon, too, for the aged dia­
betic or sufferer from hardening of the 
arteries who must undergo operation 
for gangrene of the foot . More of the 
arm or leg can be saved, in young or 
old,  than with the old techniques . 
More successful are the operations, 
which formerly, with the old tech­
niques, were accompanied by a rather 
high mortality. 

Though the first extensive trials 
were reported only within the past 
few months, this new " cold surgery" 
and "protoplasm anesthesia" are al­
ready adopted as rou tine in many hos­
pitals, with City Hospital , New York, 
showing the way. At City Hospital , 
Dr. Lyman Weeks Crossman, Dr. Wil­
fred Ruggiero, and Dr. Vincent Hurley 
have used the new surgery in scores of 
gangrene cases, with such a high per-

centage of successes that the attention 
of the medical world has been 
attracted. 

Most astonishing to the layman­
and to many a surgeon, too-is the fact 
that a patient can eat breakfast while 
his wounded or gangrenous leg is being 
painlessly cooled to a few degrees 
above freezing, 'then can go into the 
operating room witho"ut further anes­
theti.c or any drug whatsoever, chat 
with the nurse . while

' 
the surgeon am-

Limb immersed hour and a h a lf 
or more in ice water. cracked ice 

putates behind a screen, and can return 
at once to the ward and eat a full 
lunch, as though nothing had hap­
pened . There is no pain, no shock­
hitherto a great cause of weakness, and 
often of fading vitality long after such 
major operations . 

In war wounds and in other emer­
gency cases, where a limb operation or 
amputation is necessary, a rubber tube 
is used as a tourniquet to . shut off the 
circulation, the degree of tension being 
just sufficient to stop all blood flow to 
the lower portion of the leg or arm. 
"The rule that a tourniquet cannot be 
applied to a diabetic or arteriosclerotic 
limb is set aside by cold," Dr. Allen 
points out, to the amazement of sur­
geons skilled in the older, very ticklish 
handling of gangrene in aged diabetics 

or others with poor circulation in the 
extremities . Then, the leg or arm is 
immersed in ice water to a level about 
one inch above the tourniquet . Weaker 
patients may lie with only a slight ele­
vation of the head of the bed and, 
with the protection of a rubber sheet, 
the leg is placed on a layer of ice . and 
then is covered completely with 
cracked ice. Or, again, rubber ice-bags 
may be used, salt being added to each. 
The newest development is an elec­
trically refrigerated "blanket ."  

A �OO-pound refrigerating apparatus 
serves four to six patients simul­
taneously, and can readily be fitted into 
an am�ulance. Thus emergency cases 
can be prepared for operation en route 
-in fact , are out of pain, unshocked, 
uninfected, even unstrained in the 
meanwhile . The dual application of 
tourniquet and cold brings almost im­
mediate, complete loss of sensation in 
the injured limb. The rest of the body 
can be kept as warm as desir�d. There 
IS no general chilling above the 
tourniquet . 

In ordinary hospital routine, where 
the case is one of gangrene and there 
is no bleeding, the limb may be first 
surrounded with a few ice bags at the 
level chosen for the tourniquet. 
Within five to fifteen minutes the skin 
is chilled so that the application of the 
tourniquet causes practically no dis­
comfort . A preliminary morphine hypo­
dermic or other sedative is sometimes 
used in instances where the patient is 
nervous and apprehensive, but other­
wIse no anesthetic or other drug is 
needed . 

TESTS of the refrigeration are made 
by means of a thermometer held 

next to the skin. The desired tempera­
ture is about 40 degrees , Fahrenheit, 
eight

' 
degrees above the freezing point 

of water. This assures adequate chilling 
without risk of actual freezing. 

"The time required for complete 
through-and-through anesthesia varies 
with the depth of tissue," Dr. Allen 
states . "It may possibly be as short as 
one hour for an emaciated shin, or as 
long as five hours for a rather thick 
thigh."  Then, with the patient in the 
operating rOOm, the limb is removed 
from its nest of ice bags or other re­
frigeration. Sterilization and operation 
are carried out as usual . The surgeon 
need not hurry : the chilled tissues stay 
cold long enough for an ordinary op­
eration, and longer . For extraordinarily 
lengthy operations, the limb may be 
kept on a bed of ice bags . When the 
operation is complete, the tourniquet is 
released,  blood rushes in, and any 
bleeding points are quickly caught and 
stitched up. 

The surgeon has had the opportunity 
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of working in a bloodless and shockless 
field . Shock is at most that slight de­
gree which may develop from the tissue 
injury left after the wound is finally 
closed and the temperature raised to 
awaken the "hibernating" life sub­
stance, protoplasm. 

After the operation, the patient has 
neither nausea nor gas pains, so com­
mon in ordinary anesthesia. The prac­
tically complete absence of shock is 
evidenced by a steady pulse, constant 
level of blood pressure, steady rate of 
respiration-no changes occur during 
or after the operation. This is ideal for 
surgery of those who are so weak that 
ordinary operative shock would likely 
be fatal . In a series of more than 50 
operations reported on at City Hos­
pital, the average age was 68, and a 
number of these patients were four 
score years old . Almost all were suf­
fering from heart disease , or diabetes, 
or hardening of the arteries , yet they 
successfully underwent the hitherto 
risky major operation of amputation. 
Formerly, four out of five died , when 
operated on by the older procedures. 
In the City Hospital series of cases 
four out of five lived. 

NOT only shock but bacterial infection 
plagued the older surgery. We all 

know that refrigeration prevents the 
growth of bacteria. Doctors are all 
familiar with the preservation of living 
tissue in the ice box for weeks and even 
months-alive and uninfected. In cold 
surgery, as well as in the transportation 
of refrigerated wounded to the hospital, 
bacteria simply cannot grow. 

After amputations, there is the ever­
present danger of blood coagulation, 
sometimes extending rapidly up a limb 
and entailing a correspondingly rapid 
gangrene. Such phenomena are caused 
largely by damage of the blood vessel 
walls.  Bacterial invasion may bring 
about the damage. In arteriosclerosis,  
damage to the walls arises from lack 

of nutrition and of oxygen, 
as well as from bacterial 
action . Now the clotting is 
prevented by cold, which 
preserves the vessel walls .  
Parts which have deficient 
circulation can be most 
effectively chilled and, by 
very gradual warming 
through several days after 
the operation, survival of 
the tissues is promoted.  In 
ordinary cases under the 
new procedures, gradually 

Electric refrigerator cradle for treatment of 
extremity - hand or foot - at low temperature 

lessening refrigeration is the rule , the 
manipulation of ice bags permitting a 
slow return to normal temperature. 
The wound margins can be kept 
healthy, yet not sealed . Discharge may 
continue abundantly . It cannot decom­
pose or become infected, because en­
zymes and bacteria are checked by low 
temperature . 

Of course,  as Dr. Allen says, healing 

of the exhausted aged, diabetic, ar­
teriosclerotic, and in rapidly advancing 
infections of the limbs of young or old . 
Refrigeration offers an alternative, and 
the tourniquet can add , all the advan­
tages of operation without the shock. 
The advance of infection, the pain, the 
downward trend of the patient, can be · 
checked for several days by

· 
simple 

packing in ice. 

Ice-immersed extremity of patient lying in bed. 
Complete anesthesia in two and one half hours 

Transfer of all these re­
sults to war conditions 
offers much. It offers the 
hope of transportation of 
limb casualties without 
hemorrhage, pain, or shock; 
without advance of infec­
tion or tissue devitaliza­
tion; with minimum dam­
age and maximum time 
limits of tourniquet appli­
cation; and with freedom 
to operate without an 
anesthetic or to delay for 
several hours according to 
the exigencies of a crowded 
surgical service. 

is slowed in proportion to the reduction 
in temperature. But there are advan­
tages here, too. A whole series of im­
portant new controls become available 
when needed. When there are threat­
ening signs of loss of vitality in 
wounds, the surgeon has previously 
had to stand helplessly by and watch 

the wound slough. The 
sloughing is due to defi­
cient nutrition and oxygen. 
N ow it is possible to re­
duce the tissue metabolism 
(use of food and oxygen) 

to a level for which the 
existing blood supply is 
adequate. 

With regard to its prac­
ticability in war, refrigeration is usu­
ally available on naval vessels, and for 
modern mechanized armies the 200-
pound apparatus is obtainable. This 
can be operated by the motor of a 
truck or .ambulance and can refrigerate 
four to six limbs simultaneously, while 
ice is frequently available in less fortu­
nate countries, from Finland to China, 
where the lack of anesthetics has en­
tailed much suffering. 

To anesthetize, thermostatic contro lled refrig­
erator keeps "blanket" at 40 degrees, Fa hrenheit 

The use of low tempera­
tures opens up other strik­
ing possibilities - already 
realized in the hospital . In 
the most desperate cases, 
hitherto, surgeons have had 
to take the risk of a high 
amputation if the patient 
is to be considered operable 
at all . Such has been the 
situation in severe gangrene 

A large number of both military and 
industrial wounds consist of mutilations 
of limbs. In warm weather ice is often 
available or can be especially provided. 
In cold weather, only precautions 
against actual freezing of parts may be 
needed. The chilling is so simple that 
it can be carried out by reasonably in­
telligent non-medical persons. The 
tourniquet, of course, is necessary to 
stop hemorrhage, and under appropri­
ate conditions of reduced temperature 
may be kept in place for several hours 
without risk. The transportation of 
wounded persons can be made entirely 
painless, as far as limb injuries are 
concerned. There is probably better 

APRIL 1 942 • SCIENTIFIC AMERICAN 1 83 



----------------�----------H E A LT H  S C I E N C E----------------------------

preservation of strength and resistance 
than with large doses of sedatives. The 
wounded may then arrive at a hospital 
after several hours, ready for immedi­
ate operation without any additional 
anesthetic. 

Even when any parts are potentially 
infected, perhaps by being contami­
nated with dirt and other foreign mate­
rial , . refrigeration holds everything in 
abeyance. The preservation of tissue 
vitality and resistance to infection 
should facilitate conservative and re­
parative operations and aid in avoiding 
amputations and crippling. Much more 
of the limb may thus often be saved, 
or even whole limbs that would under 
the older procedures have been neces­
sarily removed. 

These achievements are indeed rev­
olutionary. So much so that they might 
not yet' have gained recognition except 
for the courage and vision of Dr. 
Allen's colleagues, Dr. Crossman and 
his associates, in applying them on a 
scale sufficient to convince other sur­
geons. The greatest obstacle was and 
still is lack of financial support. As Dr. 
Allen has written: "The only support 
for this research has come from the 
American Medical Association, in the 
form of a $500 grant from its Com­
mittee on Scientific Research, for 
animal experiments, now conducted 
at the New York Medical College, and 
one of $300 from its Council on Physi­
cal Therapy, for the clinical study at 
City Hospital in New York." 

Except for these obstacles, there 
need not have been the long delay since 
the report of the first human cases in 
1 937,  and the world-wide adoption 
might have been possible before the 
outbreak of the present war. It might 
have been the means of saving the 
lives of soldiers and civilians the world 
over. 

• • 

AGAI N G U I LTY? 

Do Flies a lso Spread 

I nfanti le  Paralysis? 

• 

T HE case against flies as the cul­
prits that spread infantile paralysis is 
strengthened by a discovery reported 
by Dr. Albert B. Sabin and Dr. Robert 
Ward, of the Children's Hospital Re­
search Foundation and the University 
of Cincinnati College of Medicine, in 
the current issue of Science. 

Flies caught in Cleveland and At­
lanta in the neighborhoods of infantile 
paralysis patients were infected with 
the virus of the disease. Previous dis­
covery of the infantile paralysis virus 
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in flies was made in insects trapped in 
rural areas, in one instance near a privy 
used by three households in which there 
were infantile paralysis patients. 

Discovery of the virus in city flies 
is considered more significant, espe­
cially since the infected flies were found 
in modern neighborhoods with good 
plumbing and in which several children 
had mild illnesses that might have been 
abortive infantile paralysis at about 
the same time other children had rec­
ognized attacks of the disease. 

Flies as carriers of the disease fit 
with the theory, suggested by recent 
evidence, that the virus attacks through 
the alimentary or digestive tract rather 
than through the olfactory nerve from 
the nose. Suggestive also is the fact 
that the fly season and the infantile 
paralysis seasons coincide. 

PRO N O U NCIATION 

O f  Names o f  Two 

of the Sulfa Drugs 

NOT laymen alone, but physicians 
also, have differed widely in the pro­
nounciation of the words sulfanilamide 
and sulfathiazole, two of the sulfa 
drugs. The Journal of the American 
Medical Association now states that 
the Council on Pharmacy and Chem­
istry of the Association has recom­
mended that the word amide be 
pronounced with the long i (amIde) . 
Thus it rhymes with chloride and 
iodide. In the word sulfanilamide the 
syllable il is given the major accent. 

Sulfathiazole is to be pronounced 
similarly with a long i, and the accent 
on the thi. 

I N FECTION 

Depends on  Both 

Bacteria and Host 

LIKE the modern blitzkrieg and its 
aftermath, extremely virulent bacterial 
infections actually are ineffective from 
the standpoint of the bacteria, as para­
sites, because the microbes so rapidly 
destroy the tissues upon which they 
live and grow, according to Dr. Paul 
R. Cannon, professor of Pathology at 
the University of Chicago. 

Time plays a commanding role, in 
infections, as important in the incipient 
stages as it is in a beginning forest­
fire, said Dr. Cannon, continuing: 

"The ability of bacteria to grow in 
living tissues depends upon forces in­
herent in both the bacteria and the 
host. 

"At times, with highly virulent bac­
teria, this ability to grow is so pre-

dominant, that, under proper condi­
tions, they can multiply rapidly, metab­
olize efficiently, and overcome quickly 
all efforts on the part of the host to 
prevent these actions. This type of in­
fection, fulminating in development 
and quickly lethal in course, represents 
the maximal biologic growth efficiency 
of the bacteria concerned." 

. 

A return of scourges like the "Black 
Death" cholera and typhoid fever to­
day is not so threatening as it was 
when these diseases ran riot in Europe, 
Dr. Cannon said, because of modern 
methods of keeping invading bacteria 
localized, and their toxic action checked 
until . they can be destroyed by the de­
fensive forces of the body. 

PREGNANT? 

Electric Recordings of 

U nborn Baby's Heart Beats· 

ELECTRIC recordings of the heart 
beats of an unborn baby can now be 
made successfully for practical pur­
poses by means of a technique an­
nounced by Dr. Arthur J. Geiger, Dr. 
Willys M. Monroe, and Dr. Allan V .  
N. Goodyer, o f  Yale University School 
of Medicine, in the Proceedings of the 
Society for Experimental Biology and 
Medicine. 

Doctors have tried for years, hith­
erto with only indifferent success, to 
obtain electrocardiograms of the un­
born baby's heart beats, although 
these graphic recordings of the electric 
current produced by the heart muscle 
contraction have long been used in 
studying heart disease. 

The new technique,  the Yale investi­
gators report, enables the doctor to 
tell promptly whether a woman is 
about to become a mother or whether 
she has a tumor. It does not give 
"false positive" results and takes less 
time than mouse or other biological 
tests for pregnancy. 

"Will it be twins ?"  can be answered 
much earlier than by any other method 
of examination. 

In their work the Yale doctors use 
a single stage resistance-coupled am­
plifier with a conventional portable 
electrocardiograph. The electric cur­
rent accompanying the unborn baby's 
heart beats is picked up by disk elec­
trodes placed on the mother's abdo­
men. They are amplified �o times, 
which brings the recording into plain 
view, and the apparatus is arranged to 
minimize pickup of the mother's elec­
trocardiogram. The small 1�-pound 
amplifier of standard radio parts is 
simple to operate and can be easily 
carried with the electrocardiograph.­
Science Service. 
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To rpedo l 

Mec h a nics of the "T in  F i sh"  That i s  Writ ing a 

Terr i fy i ng Record of World-W i de Destruct ion 

D O N A L D  W I L H E L M 

A
TANKER, northbound with a cargo 

-
of oil, plows heavily through the 

Atlantic swell a few miles off Long 
Island. Suddenly the ship staggers as 
though from the blow of a titanic fist. 
A rending explosion rips open her side, 
and a torrent of water pours through 
the hole into the hull. Five minutes 
later she is awash. Then her bow slides 
under the waves. The stern tilts up, 
and she plunges to the bottom. A 
U-boat has struc!): again with the dead­
liest of modern weapons-a torpedo­
against which the naval engi­
neers have found no satisfac­
tory protection. 

Just what is this blasting 
hellion of the deep, this 
streamline horror called a tor­
pedo ? It is the most intricate 
and perfect engine of destruc­
tion which scientific military 
design has yet produced . It is 
the smallest warship afloat; 
�4 feet long. For it is a ship, 
complete in every detail . It 
has a wheel house, an engine 
room, a cargo, and a crew to 
steer and run it; a mechanical 
crew more precisely obedient 
than any human sailors . It 
takes and holds, exactly, the 
direction assigned its mechani­
cal brain. If so directed, it 
will describe a complete semi­
circle before settling down to 
its course; or it will plunge ahead point­
blank in the direction it is launched. 
It will travel precisely at the depth 
desired under the surface of the water. 
And it never wavers. Like a big battle­
ship, it is given test runs and tried for 
any faults it may have before it joins 
the fleet. 

A 3000-pound "fish" of steel with 600 
pounds of high explosives in its war­
head, it knifes through the depths at 
nearly a mile a minute, driven by more 
than three times the power of a V-8 
car at full throttle . Without warning, it 
hits its victim with a blasting wallop 
which staggers even the heaviest bat­
tleship afloat . Britain's "unsinkable" 
Prince of Wales and Hitler's vaunted 
Bismark have succumbed to its sting. 

Naval architects have tried every 
device they could think of to defeat 
the torpedo. "Torpedo bulges"-double 
hulls, constructed · in the hope that the 
torpedo would explode between the 
outer and inner shells and not pene­
trate the ship's vitals-were tried and 
abandoned. Battleships are now di­
vided into many compartments, so that 
if  one is blasted by a torpedo, the 
others can be shut off from the in­
pouring water. But even these pre­
cautions are generally ineffective. The 
impact of a 16-inch shell is light by 
comparison to that of a torpedo. As 
Admiral Hart said recently : "When a 

lJ'!Y _ __ _ 
A "tin fish" takes to the water for test 

torpedo hits anything, it stays hit ."  
This vicious little robot, cap'�ble of  

scuttling a vessel 20,000 times its 
weight, has made history in every 
naval engagement since the .Japs sailed 
into Port Arthur in 1904.  It nearly 
changed the outcome of the first World 
War, accounting for 2000 ships, totaling 
6,000,000 tons. It was fear of torpedoes 
that kept the British from following 
up and destroying the German navy 
at Jtttland. In the evil month of April, 
1917 ,  it cost the Allies nearly a million 
tons of shipping, a rate that soon would 
have stopped the beating of Eng­
land's heart . Today Hitler Is gambling 
on the torpedo to rupture the com­
munication lines on which the Allied 
effort depends. Once again German 
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U-boats lurk off our shores, waiting 
to send destruction-via torpedo-to 
the next vessel that comes within 
range . 

Like most first-rate scientific achieve­
ments, the modern torpedo is a result 
of a long series of experiments, some 
of them abortive . Ever since ships first 
began fighting with gunpowder, naval 
men have sought means of bringing a 
large explosive charge against their ene­
mies ' hulls . In 1 776 a scheme was pro­
posed, but never tried , for breaking the 
British blockade of American colonies 
by approaching King George's men-of­
war from under the water and fasten­
ing bombs to their bottoms. Later, 
Robert Fulton discussed with the gov­
ernments of France and England his 
ideas for an underwater attack. The 
first torpedo actually to see service 
was the "spar torpedo" of the Ameri­
can Civil War. This contraption, a 
long ram with a bomb on the end of it, 
was a sorry forebear of today's "tin 
fish," but a terror in its day. 

The torpedo as we now know it was 
born in 1864 , when a Captain Luppis 

of the Austrian Navy went to 
the famous Scottish engineer, 
Robert Whitehead, with a .  
plan for a self-propelled, self­
steering underwater proJec­
tile . Whitehead, fascinated 
with the idea, began work at 
once, in a little shop in Fiume. 
Two years later the first 
Whitehead torpedo slid into 
the water-and worked. It 
was a crude little machine, 
only 1 0  feet long, traveling 
seven miles an hour by com­
pressed air, and carrying 1 9  
pounds o f  guncotton i n  its 
head . But it was the daddy 
of them all . So sound was the 
great engineer's work that his 
basic design has changed but 
little . Speed, size, and explo­
sive power were increased , 
however, and by 1 914 it was 

the most dreaded weapon on the high 
seas . With World War I,  the torpedo 
came into its own. 

THE early torpedo was notoriously 
tricky; even during World War I 

it was still a dangerous weapon to 
handle. So erratic was its course that it 
often menaced the mother ship more 
than the target; several German U­
boats were blown up by their own tor­
pedoes. They had other quirks. They 
left a wake of bubbles that betrayed 
the location of the mother vessel and 
often led to its destruction. They often 
jumped out of the water like porpoises . 
One U-boat commander's experience 
became a classic. Cruising on the sur­
face, he was suddenly attacked by a 
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COMPRESSED AIR CHAMBER 

General arranCJemen.t of torpedo mechanis m :  Exact details are mi l itary secrets 

British submarine. The Englishman 
fired a torpedo.  The German saw it 
coming too late; he had no time to 
turn his sluggish craft, and stood 
awaiting his inevitable end. But as the 
torpedo was about to strike, it leaped 
out of the water, slithered across the 
U-boat's .deck, and plunged harmlessly 
into the sea on the other side . 

The torpedo of today-and the de­
signs of different nations vary only in 
detail-has none of these vagaries. The 
world's navies have lavished the best 
brains available on getting the "bugs" 
out of it, made it so powerful it can 
knock a hole in the side of a cargo 
vessel even without its explosive head, 
so accurate it can run for miles with­
out appreciable deviation from its set 
course and depth, so destructive that 
no ship that sails is safe from it. Its 
active life is short, ranginb from a few 
seconds to six or seven minutes . When 
it misses, it runs for about eight miles, 
then automatically sinks, so it cannot 
be a navigation hazard · or fall into the 
hands of the enemy. Its mechanism, 
comprising 3000 precision-built parts, 
is as intricate as that of a watch. To 
make one requires some thousands of 
man-hours of labor and $12,000 in 
cash. Foot for foot, pound for pound, it 
is the most expensive of all naval ves­
sels. But it is the best investment any 
navy can make. Its one and only serv­
ice voyage may decide the fate of a 
nation. 

FROM bow to stern, the torpedo's 
24-foot length is divided into four 

main sections. The first is the warhead, 
built like an armor-piercing shell con­
taining 600 pounds o� the most devas­
tating explosive known. Behind the 
warhead is a large compartment hold­
ing compressed air; its main driving 
force, under the colossal pressure of 
2800 pounds per square inch-several 
times the maximum in the most pow­
erful locomotive boiler. Behind that 
are smaller tanks, in which the tor­
pedo carries its own fuel , water, and 
lubricating oil. Another section is the 
"engine room," where the mechanical 
brain that guides the torpedo and the 
engines which drive and control it are 
housed. Finally, there are the twin 
propellers, revolving in opposite direc­
tions (a single propeller would only 
make the torpedo revolve in the 
water) and the two sets of rudders, 
one for direction, one for depth. 
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Torpedoes are launched from the 
tubes of submarines, the decks of sur­
face vessels , or the bellies of airplanes 
-it's all the same to the torpedo. For 
it is every inch a seagoing vessel; once 
in its element-the water-it's a war­
ship on its own. The duties of a launch­
ing vessel and its crew are merely to 
get the torpedo some�here within five 
miles of its target (the closer the bet­
ter) , give it its orders, and get it 
started. In submarines, this is done by 
a blast of compressed air which 
pushes the baby vessel out of its tube. 
In the deck-tubes �f surface vessels , a 
small explosive charge boosts the tor­
pedo over the gunwales and into the 
water. Airplanes merely drop them. 

When a torpedo is discharged, �n 
amazing number of things begin to 
happen inside it, in an incredibly short 
time. A starting lever, tripped by the 
missile'.s forward movement, �pens a 
valve; and a blast of compressed air 
starts the main engine. Another unit 
provides a highly inflammable fuel 
spray. Two slow-burning cartridges 
explode, go on burning like candles, to 
ignite this spray. In the same split­
second an ingenious self-starting, self­
regulating water-pot begins spraying 
water on the flame. Only a few feet 
away, remember, is 600 pounds of high 
explosive. The water-pot supplies 
water to make steam and, by regulat­
ing the volume of its spray, keeps the 
temperature in the fire-box exactly at 
1250 degrees-no higher. The steam­
gas-compressed-air mixture slams into 
the main engines with such force that 
400 horsepower is instantly generated, 
quickly driving the torpedo's speed up 
to nearly a mile a minute. 

EVEN more ingenious is the mech-
anism which guides the deadly 

"fish" on its swift little voyage . Just be­
fore it is launched, a torpedoman-on 
instruction from the fire control officer 
who has computed the position, speed, 
and range of the target-sets its direc­
tion and depth by adjusting a small, 
numbered spindle, like a radio dial . It is 
no longer necessary to aim the torpedo 
dead at its target. Whatever direction 
it may be launched, the mechanical 
"fish" will return to its set course before 
it settles down to its final straight run­
a big help for the destroyer which does 
not want to turn its side toward the 
enemy and present a big target while 
firing its deck tubes. 

The principal member of the . tor· 
pedo's mechanical "crew" is a gyro· 
scopic pilot. It is a bronze flywheel, tht 
size of a teacup saucer, which is sel 
whirling at 1 8,000 revolutions a minutt 
by a jet of compressed air . Connectec 
with . this gyro-compass, arid controllec 
by it, is a small engine, which operate! 
the directional rudder. The gyroscopi( 
pilot instantly corrects-through it! 
engine and rudder-any deviation 0: 
the torpedo from this course. It nevel 
makes a mistake. 

A torpedo must also hold to a secone 
course, depth-usually about 15 feel 
below the surface. When hurled frorr 
a plane or a deck tube, it must nol 
dive as deep as its . immense weighl 
inclines it to; it must not lunge out 01 
the water like a tarpon on a line, OJ 
lose speed by gambolling up and dowr 
as torpedoes used to do. Its underwatel 
course must be kept level. Anothel 
mechanical brain takes care of that . .A 
sensitive pendulum and a hydrostat 
which measures the depth of the tor· 
pedo by external water pressure, con· 
trol a second small steering engine 
which operates two horizontal rudder! 
in the tail . If the torpedo is runnin� 
closer to the surface or lower in tht 
water than ordered, the rudders steel 
the "fish" down or up, until it . is at tht 
correct depth. All these mechanism! 
are fitted tidily within the torpedo'! 
slim diameter-�1 inches! 

THE "tin fish" used to leave a wide 
tell-tale wake of lively white bubble! 

from the cold compressed air whicl 
streamed out its exhaust pipe. Thi! 
sometimes gave the victim time te 
dodge the oncoming torpedo, anc 
marked the position of the submarim 
which fired it. The modern torpede 
1eaves almost no wake. After the blaz· 
ing, white-hot mixture of compressec 
air and steam has driven the torpedo'! 
engine, . it is exhausted through tht 
hollow bronze propeller shaft. Tht 
steam, on striking the cold sea water 
condenses, turns back into water; tht 
hot air forms tiny slow-rising bubble! 
which cannot be seen from any dis· 
tance. The "tin fish" is noisy, and car 
be picked up on sound-detecting de· 
vices, but seldom in time . It gives ne 
warning and leaves no trace. 

The deadly torpedo has alread;) 
written a fearful record of destructior 
in World War II-the Prince of Wales 
the Repulse, the Bismark, the Arh 
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Royal , the Reuben James; Taranto, 
Cape Matapan, Pearl Harbor; the 
Battle of the Atlantic, of the Med­
iterranean, of the Pacific. U-boat op­
erations off our coasts indicate a 
new phase of torpedo warfare of un­
precedented ferocity. 

Before we entered the war, watchers 
reported that the big ship yards at 
Kiel, Bremen, and Hamburg had 
switched from big warships to small 
surface raiders and submarines. At 
Danzig and Stettin, large new sub­
marine plants have been put up, and 
the torpedo school at Kiel has been 
enormously expanded. The United 
States Navy can play at that game 
too. Our own Torpedo Stations are 
humming as never before. Torpedoes 
used to be made almost exclusively in 
plants owned and operated by the 
Navy. Today scores of factories are 
working on confidential sub-contracts, 
turning out torpedo parts in an im­
mense speed-up of their production. 

The Battle of Macassar Straits has 
shown that we are as good at tor­
pedoing as the Germans, if not better. 
The Japanese have learned that it is 
r,isky to move troops past the tubes of 
American torpedomen who tradition­
ally pat their "tin fish" on the rump 
before they are loaded, care for them 
with the love of fine machinists for 
fine machinery, and dispatch them 
with an accuracy unparalleled by any 
other navy. 

The decision in this next phase of 
the war lies in our ability to defeat the 
torpedo in the Atlantic, and win with it 
in the southern Pacific. The "tin fish" 
is still making history. 

• • • 

S U C C ESS 

Workman's Suggestions 

Speed Production 

How production of vital gunsight 
lamps has been increased by more than 
2000 percent due to a factory worker's 
suggestions, is one of the many little 
"success" stories of the nation-wide 
national defense effort. The tiny lamp, 
about half the size of a walnut and 
used in delicate precision mechanisms 
for aiming big guns, was made entirely 
by hand only a few months ago; today, 
with the help of suggestions made by 
Matthew Westphal, a Westinghouse 
employee, it is machine made. As many 
as 2000 can be manufactured in a single 
day. 

Mr. Westphal proposed a different 
type of stem and redesigned the mount 
for the filament. Due to his changes in 
the method of drawing air out of the 

bulb, it no longer has a pointed tip . 
Savings in material, labor and equip­
ment have resulted from Mr. West­
phal's suggestions. Valuable floor space 
formerly used by girls sitting at work 
benches is now available for other 
work. Girls have been released to do 
other important jobs . Only half as 
much glass tubing is needed in the 
lamp. Old equipment has been dis­
carded and salvaged. 

ALL·M ETAL YAC HT 

Will Be Used For 

Patrol Service 

I T has just been announced that the 
all-metal yacht "Revere,"  described on 
page 79 of the February 1 942 issue of 
Scientific American, has been turned 
over to the United States Coast Guard 
for the duration of the war. The power 
and speed of this unusual water craft 
should make her particularly useful 
for waterway patrol service along the 
Florida coast, the work to which she 
will be put by the Coast Guard. 

ROLLERS 

Keep Reconnaissance Cars 

Out of Trouble 

R ECONNAISSANCE cars are the ad­
vance scouts or feelers of the army 
and, as such, they must be versatile 
enough to cover all kinds of terrain. 
American-made units are not only the 
fastest of any comparable vehicles to 
be found in the world tod.ay, but they 
are built to travel over extremely 

Mounted in front, l ike this , . 

rough ground, not excluding trenches 
and shell holes . One of the features 
which permits this is the big forward 
roller-the guiding arm that lifts them 
out of difficult places. 

The all-welded steel rollers on many 
of the military vehicles now being built 
by The White Motor Company and 
others have aroused considerable curi­
osity and comment among the general 
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public. Many questions have been 
asked regarding their use, and the pro­
jected guesses have been both diversi­
ned and humorous. 

Actually, the tough tubular rollers, 
four feet in length and 12 inches in 
diameter, have a definite and pra�tical 

• .  it rol ls  the car up and out 

use--to keep the vehicles from bogging 
down and to aid in pulling them out 
of the difficult spots . In short, these 
rollers afford the big lift to a machine 
in trouble. With their help, the Half­
Tracs have climbed out of a 6-foot 
trench during testing operations. 

The shell of the big steel roller is 
made of i-inch stock. Two reinforce­
ment rings, as well as two bearing 
heads , are welded within at spaced 
positions. The need for great strength 
in the roller is recognized when one 
realizes the amount of weight and im­
pact it must bear. Actually., the roller 
protrudes ahead of the bumper arm

' 

and thus takes the first shock when 
any forward contact is made. Then 
consider that the cars don't stop for 
bushes, small trees, fences and similar 
obstructions, and you can gain some 
idea of the impacts it must take. Add 
to this the lifting strength when half 
the weight of the vehicle may be im-' 
posed upon it going up a sharp incline. 
In order to be most effective, the 
roller has a spring mounting. 

Success of the roller, of course, de­
pends to a large extent on the traction 
power of the vehicle. The conventional 
scout cars, driving from all four wheels, 
can push up a 60 percent grade with a 
full complement of men. The Half­
Trac, with its rear track system, exerts 
even · more driving power and is well 
adapted to soft ground . When this 
modern reconnaissance unit pushes its 
front roller against a bank it gains the 
necessary lift to go on over. 

These reconnaissance units are ex­
tremely maneuverable and are capable 
of traveling up to 50 miles an hour on 
highways or smooth ground. At the 
same time they can push over the 
roughest kind of country. The big steel 
roller in the front goes a long way in 
making this possible. 
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G l a ss  G u n s  fo r V i cto ry 

S o i l  Test ing  i n  Ga rdens a n d  on Fa rms Can Aid 

i n  Keepi ng Food P roduc ing Mach i nery i n  Order 

A R T H U R  H.  C A R H A RT 

IN _the enormous pattern of national 
. effort, the growing of food crops on 

farms and in home gardens is of great 
importance. While our factories, mills, 
and mines pour out their war goods 
and raw materials, our good earth must 
go into full production to deliver a 
tremendous volume of food stuffs . 
While gasoline, coal, and electricity 
power the machines, food powers the 
men and women who run those ma­
chines . 

The soil is thus a part of our na­
tional machinery for the production of 
war necessities . Food is as essential in 
war as guns and powder . The tre­
mendous importance of this part of our 
war effort is indicated by the fact that, 
at a National Defense Gardening Con­
ference held at Washington, D .  C . ,  last 
December, there was launched a Vic­
tory Garden Program. The national 
campaign to put the machinery of the 
soil into capacity production is under 
way. This is a war of science, and sci­
ence will aid in garden and farm, just 
as in laboratory and factory. 

The soil of our nation is one piece 
of defense machinery which may re­
ceive a hard arid disastrous beating 
unless we give heed to putting it in top 
condition and keeping it so. Lowering 
of the production from our tilled soil 
may mean the difference between vic­
tory and defeat . .  With the crusade for 
total utilization of all tillable gardens 
and farms under full drive, the problem 
of keeping the soil in top condi tion 
and guarding against over-use and 
neglect must receive continuing atten­
tion. 

Generally the soil is considered as a 
medium for growing things, without 
due recognition of the fact that it is a 
mechanism as definitely organized in 
its way as is the machinery within a 
factory. We plant seed, we water, we 
hoe weeds-and believe that nature will 
give us a good crop. Crop failure is 
often blamed on nature; but the real 
cause may be pure neglect of the soil 
machine . 

the machine have to be replaced when 
they are worn. Just as certainly, forced 
production on tilled land produces wear 
and tear. Deficiencies occur in soil 
properties. Since the tilled land is a 
basic, indispensable part of the war 
production machinery, we must give it 
maintenance and replacements when 
needed, if it is to do its full part in 
bringing victory. 

There are two objectives in such 
sound soil management as the Victory 
Garden Program will demand. The first 
is to bring the tilled ground to its full­
est production as rapidly as possible . 
The second is to have that soil in as 
good condition at the end of the 
forced use as it was at the beginning 
of the drive. With correct management, 
the soil should not only be as good as 
it WI " at the start , but actually better. 

AI . - program aimed at keeping field 
and garden soils in good condition has 
two sections . The first concerns the 
physical makeup . The most fertile soils 
often are those containing abundant 
organic matter. This humus is built up 
in the soil by turning under stubble 
in a field or spading leaf mold or simi­
lar material into the garden plot. 
Most tillers of the soil know of this 
need and will take care of it. 

But it is the second and less easily 

determined procedure of keeping soil 
in first-grade condition that is likely to 
be overlooked.  This involves the chem­
ical constituents present or that must 
be added to the soil so that it will 
produce well and so that there will be 
no loss by excessive use, without re­
placement, of vital nutrients . This re­
placement is imperative if the soil IS 
not to be worn out at the end of the 
forced production war effort. 

There are four chemical factors in 
soil management or production proc­
esses that dominate the productivity of 
any tilled plot. First, there is the ques­
tion of whether the soil is acid or alka­
line. Some crops require one condition, 
some the other. To attain maximum 
production, the crop has to be fitted 
to the soil, or the soil to the crop. 
If the soil is acid, crops should be 
planted that will thrive in that condi­
tion of soil, or the reaction of the soil 
should be changed over to alkaline so 
that crops demanding that condition 
can be grown. The balancing of the 
acid-alkaline reaction is not difficult, 
but it is vital that this factor be known 
before a crop is planted. 

THE other three chemical factors in-
volve the principal nutrients needed 

for maximum crop production . There 
are a number of plant food require­
ments in elements in the soil, but the 
three principal foods are nitrogen, 
phosphorous, and potash. And because 
these are the principal soil nutrients 
required by plants, they are the ele­
ments most heavily drawn from the 
soil in making growth and producing 
fruits and grains. 

Just as milk cannot be drawn indefi­
nitely from a cow without feeding 
good rations , so the soil cannot be 

No machine can be forced to produce 
to full capacity without proper main­
tenance . Parts wear. Essential cogs in Soil  sample is placed in test tube: testing kit with reagents at right 
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"milked" indefinitely without putting 
back some of the materials which roots 
u{ust have in order to produce growth. 
High-pressure use of soil, where crops 
are forced for all they are worth, takes 
a heavy toll of these principal plant 
foods.  

Furthermore, just as a dairy cow 
must have so much protein, so much 
carbohydrate, so much roughage, all 
in a balanced ration, in order to pro­
duce the maximum supply of milk, so 
plants feeding on a soil must have a 
"balance

'
d ration ."  In other ' words, a 

soil that has adequate nitrogen and 
potash, but lacks a proper ratio of 
phosphorous, cannot supply a balanced 
ration to crops . It all goes back to the 
machine idea. If one of these elements 
is left out, an important cog in the 
crop-growing machine is not in gear . 

Of course, many farmers and garden­
ers are familiar with the general idea 
as it is presented here but it is a little 
too much to expect the average farmer 
or gardener to send soil samples every 
season, or twice a year, if that is bet­
ter, to some laboratory; wa:t for the 
analysis to come back; and then add 
phosphorous or nitrogen or potash, or,. 
if the soil is sour, to add lime. It's a 
lot of extra work. It may not show 
anything except that the soil is in 
fairly good shape, and the tendency all 
too often is to go ahead wi�hout analyz­
ing the soil. 

Sol ution of soil  and reagent. in test tube. is checked with color chart 

FARM and garden journals have beeR 
telling about these three most im­

portant soil elements for quite some 
time; state experimental stations have 
been sending out reports;  speakers at 
short courses have discussed the sub­
ject quite fully . However, this has all 
seemed sort of visionary. The dirt 
farmer, the home gardener, did not 
have availabJt:, until recently, means 
of analyzing his soil without going to 
the trouble of sending samples to some 
distant laboratory. 

Today there are soil test kits on the 
market so simplified that anyone 
who can read English, and is not color 
blind, can run his or her own soil test, 
not in hours , but in minutes and with­
out complicated equipment. 

The small soil test kits fit the pocket; 
others, slightly larger and a bit more 
accurate, can be carried in containers 
not unlike lunch boxes and really not 
much larger. The principal difference 
lies in the number of tests that can 
be made with either kit . 

Here is how one learns whether the 
soil is acid or alkaline, what the nitro­
gen content may be, how much phos­
phorous is present, or whether or not 
potassium is lacking. Dig a soil sample 
out of the , field with a common table­
spoon, mixing ' several samples from 

different parts of the field if a com­
posite test is desired. Put the soil in 
a glass test tube . (The spoon and 
test tube MUST be clean) . Add the 
liquid for the desired test, such as for 
lime, potash, and so on . Shake. Each 
of the four tests has its own chemical 
reagent. The reaction of the soil with 
the solution poured on the soil sample 
gives a characteristic final color to the 
liquid. 

In these kits are four color charts, 
one for each of the tests.  Example : 
A soil sample has been put into a tube. 
The required reagent has been poured 
in. It has been shaken, and allowed to 
settle or has been filtered . Suppose it 
is a nitrogen test. Select the color 
chart which is marked nitrogen. Hold 
the tube up, hold the chart, and,  by 
eye, make the nearest match between 
the tube color and chart color. Oppo­
site the matched color on the chart is 
a capital letter. It may be "A" or any­
thing on to "D". Having that, turn to 
the little printed manual that is part 
of the kit equipment. In that will be 
found the key letter of each test. The 
letter that designates the color on. the 
chart, matched with the color in the 
glass tube, gives a direct answer. 

That is the net process, for in the 
little booklet the key letter gives the 
answer as to how much of each 
nutrient is present in the soil. It tells 
how acid or alkaline the soil is in the 
alkaline-acid test, or how much or how 
little phosphorous, nitrogen, or potash 
there is in the soil . 

If the soil needs the addition of phos­
phorous, the manual gives the approx­
imate answer, not in technical 
terms, but in pounds per acre required 
to bring up that element to where it 
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should be as a part of the machine to 
produce crops. It may save adding 
phosphorous when it is not needed, or 
upsetting the balance by adding a 
"complete fertilizer," which is a gun­
shot way of trying to bring the soil to 
high productivity, but actually may 
overbalance one food element already 
adequately present. 

Whatever the primary or a'Bsociated 
motives may be that prompt a grower 
to consider the production potentiali­
ties of his fields, every farmer and 
gardener now has , within reasonable 
reach, the means for putting the crop­
growing machinery of the soil in condi­
tion to produce its best . The little glass 
test tubes and the liquids in glass bot­
tles in a soil test kit are genuine 
weapons in your hands when you start 
to do your bit toward winning the 
war with your farm or garden . They 
are powerful glass guns for those who 
are getting ready to take their places 
in the ranks by enlisting in the Victory 
Garden Program for the duration. 

• • • 

B R EAD PROTECTION 

By Addition o f  M old­

I n hibiting Agent 

By the simple addition to bread of a 
substance that is naturally present in 
many other foodstuffs, more than one 
and a half billion loaves of bread will 
be protected against mold in 1 942, ac­
cording to the du Pont Company. 

Chemists say that the "mold inhib­
itor" has been proved to have such a 
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marked effect in delaying the growth 
of fungi in bread, that American 
bakers striving toward greater food 
conservation plan to extend its use by 
10 to 15 percent during the coming 
year. 

The lowest estimates of losses caused 
by mold growth on various foods run 
into millions of dollars annually. Now, 
with ever-increasing demands on the 
food supply, the elimination of as 
much of this loss as is possible becomes 
a national necessity, even though the 
rationing of food is not yet a prob­
ability. 

Mold is believed to be caused by 
tiny spores of fungi in the air . Usually 
most active during the summer, these 
invisible particles develop in bread 
after baking. Their growth cannot be 
wholly eliminated even with the best 
sanitary precautions, air-conditioning, 
and ultra-violet lamp treatment, but it 
can be greatly retarded by the addition 
of the mold-inhibiting agent. 

The agent is added to the bread 
dough before baking; it checks the 
development of mold particles in the 
loaf for a period of several days, thus 
allowing ample time for consumption 
of the loaf itself. A very small quantity 
of the mold inhibitor is sufficient for 
the protection of many loaves of bread, 
it is said; approximately two ounces of 
the agent will protect 1 00 loaves of 
bread. The agent does not affect either 
the taste or appearance of the bread. 

M ICROSCO P E  

Identifies Compou nds by 

Polarized Light 

A VERSATILE and precise method for 
identifying organic chemical com­
pounds promises to become a rapid 
and critical tool of chemical identifica­
tion for these compounds. The method 
is one involving the use of polarized 
light transmitted through a micro­
scope to determine the nature of an 
organic crystal . The physical prin­
ciples are not new, but extensive work 
carried forward during the past decade 
has resulted in perfecting this system 
of analysis to the point where it may 
now be applied with confidence as a 
positive means of identification for a 
broad range of compounds.  

In du Pont laboratories, a petro­
graphic microscope is being employed 
that is similar to microscopes used to 
stu<;ly the structure of rocks . Follow­
ing accepted petrographic methods, 
colored interference patterns are cre­
ated by passing polarized light through 
crystals of organic compounds, and 
these patterns are then compared with 
known standards to determine the 
exact compounds being analyzed. Use 
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of light of various colors is an essential 
feature of the methods. 

Although comparatively expensive 
equipment and considerable experience 
are essential to an identification of this 
type, it is said that once these are 
available, the method can be applied 
practically to all organic compounds, 
whether gases or liquids, provided that 
they can be converted to crystalline 
derivatives for observation. Only very 
small amounts of material are required. 

The method is reported to be "able 
to stand on its own feet as a technique 
of identification, and offers consider­
able time-saving possibilities in dis­
tinguishing between compounds having 
chemical features in common."  

PSYC H I C  RESEARCH 
• Scientific American. in col labora­
tion with The U n iversal  Council  for 
Psychic Research. offers $ 1 5.000 to any 
medium who can produ ce a spiritistic 
effect or a supernatural man ifestation 
under the rules and regU lations pub­
lis hed on page 21 0 of our April 1 941  
issue. Further reports of The Scientific 
American Committee for the I nvestiga­
tion of Psychic Phenomena will  be pub­
lished in forthcoming issues . •  

G LU E  . . • O R  GLU E 

When Is Plastic: 

A Glue? 

W ITH plywood reaching a position 
of increased importance in industrial 
applications , there has arisen a con­
fusion of terms as applied to those 

materials which are used to fabricate 
the finished plywood from thin strips 
of veneer. In this connection a letter 
recently addressed to the editor by 
Mr. J.  F. Laucks, President of I .  F. 
Laucks, Inc.,  Manufacturing Chemists, 
holds considerable interest. The fol­
lowing paragraphs, quoted from l\1:r. 
Laucks'  letter, clarifies the situation : 

"I believe it is time to call a glue 
pot a glue pot. As a glue manufacturer 
I am getting tired of hearing glued-up 
articles being referred to as 'plastics' 
either because of lack of comprehen­
sion of the difference between the plas­
tic art and the glue art or because of 
some misguided notion that glue is not 
a subject of polite conversation. 

"For some time back now I have 
been reading articles in the press, in 
the magazines, in the trade papers 
and technical journals about plastic 
airplanes, but I submit that these are 
nothing more or less than glued-up ply­
wood formed into the proper shapes . A 
plain piece of plywood might just as 
well be called a plastic. 

"Just the other day I saw in one 
of the nation's prominent newspapers 
a statement about plywood which 
ended : 'The old art of using glue has 
been supplanted. '  This was the final 
straw. 

"That there is a great difference be­
tween the gluing and plastic processes 
is commonplace knowledge to anybody 
who knows very much about either . I 
personally have good authority on 
which to base a statement about this 
difference . I once had to fight a patent 
suit in which my opponents claimed 
that there is no distinction between 

Petrographic microscope. left insert: Crystal of organic compound. Right: 
Optical picture created in microscope by pola rized l ight through crystal 
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ECLiPSE PIO N EER 

Down scc;>res of production lines 
that yesterday were only blue­
print sketches, roll the imple­
ments of the new-born military 
mi ght of America.  Ordnance,  
b o m be r s  and fi g h t e r  p la n e s ,  
trucks, tractors, tanks and scout­
cars, troopships and great naval 
" battle-wago n s , "  torpedo a n d  
picket boats a n d  motor launches 
-all are vital parts of the im­
pregnable bulwark of steel being 
forged to safeguard Liberty! 

More than two hundred dis­
tinct and varied units, designed 
and perfected in Bendix Labora­
tories, proved on millio ns of ve­
hicles and planes and vessels, are 
produced by forty thousand loyal 
craftsmen in more than a score 
of Bendix plants. They stretch 
from tfie Atlantic Seaboard to 
California-and are supplemented 
by the steady output of many a 
sub-contracting plant. 

The aircraft and automobile in­
dustries and our Army �nd Navy, 
thro ugh who s e  whole-hearted 
and close cooperatio n  our own 
all-out efforts for Victory are so 
greatly advanced, have just cause 
for honest pride in a job that 
is prompt, and prodigious, and 
properly done! 

* Of COMse, not a/l of these products are used on any 
one airplane, tlessel or vehicle. How.r.ver, in certain 
cases, dual, triple or multiple installations are re­
quired. TheJe a-re not considered or included in the 
fit.u.res given abolll. 

-
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the plastic art and the glue art . After 
hearing testimony for two years, the 
court decided that these are two scpa­
rate and distirlCt arts . This decision 
should carry some weight. If the Pat­
ent Office considers these arts dis­
similar, and in practice they are entirely 
different, I think the general public 
should recognize the fact . 

"Perhaps the present prevalent habit 
of calling everything a plastic that can 
be remotely included in that category 
is due as much to the fact that plastics 
are currently fashionable as from a 
general disinclination to use the word 
'glue . '  Plastics, of course, are new. The 
art of gluing, on the other hand. 
dates from at least early Egyptian 
times. 

" Gluing might be defined as the art 
of binding two pieces of wood to­
gether to make a joint that is stronger 
than the wood itself.  In this definition 
I do not state what the binding means 
are. The ancient glues were made of 
either bones, hoofs, and hides (whence 
I suppose the name glue first acquired 
a bad odor) or of casein. Later came 
starch glues which do not smell bad, 
still later came soybean glues which 
do not smell bad, and later yet. came 
synthetic resins, some of which do 
and some of which do not smell bad. 
Now then, just because some glues 
smell bad, should the entire glue in­
dustry be made to feel that it ought to 
apologize for itself? Should the people 
who use our product do so on the sly 
and cover up this fact by declaring 
they are making plastics ? 

"I maintain that the art of making 
a joint stronger than the wood is a real 
art and an honorable one. It is the art 
of gluing, and neither the man who 
knows how to do it nor the man who 
knows how to make a glue to do it 
with need be ashamed of saying they 
are in the glue business or that they are 
using glue. I insist that the old art 
of using glue has not been supplanted 
but instead is expanding its uses into 
ever wider fields and is becoming of 
prog�essively greater importance every 
day. 

G R E E N  B L U S H  

When Euglena B lushes. 

Pigments Shift 

H ow Euglena rubra, a species of 
microscopic frcshwater animal, reacts 
to lowered temperatures by changing 
its color from red to green and taking 
on the characteristics of a plant, was 
disclosed in a recent issue of Physio­
logical Zoolo(Jy. Writing on the "Cause 
of the Green-Red Color Change in 
Euglena Rubra," Drs . L.  P.  Johnson, 
of Drake University, and Theodore L.  

19� 

Pure water. safe for  drinking. from Los  Angeles River. by "Sterozone" 

Jahn, of the University of Iowa, re­
vealed that the curious change of color 
which occurs when the animals are 
subjected to changing temperatures is 
due to the migration of red pigments 
from one part of the body to another. 

Specimens of Euglena rubra were 
obtained from a small pond in Iowa, 
where they formed a bright red scum 
on the surface of the water. When the 
temperature of the animals was low­
ered to below 86 degrees, Fahrenheit ,  
the red pigment near the surface of the 
cell migrated toward the center of the 
body, leaving chlorophyll at the sur­
face, which gave the animal a green 
color. The red color was restored by 
heating, or by subjecting the animals 
to infra-red rays, artificial light, or 
sunlight. 

PU R E  WATER 

Produced by Portable 

Ozone Generator 

A COMPLETELY automatic, self-con­
tained water purification plant that 
literally burns bacteria out of water 
has been developed for use in army 
camps and by troops on maneuvers ,  
but has industrial and municipal appli­
cations as well . The "Sterozone" unit, 
as the plant has been named, has a 
rated capacity up to 9000 gallons per 
hour; automatic parallel operation of 
units can be made to supply larger 
requirements. 

Raw water is pumped from the 
source through a filter to remove sus­
pended matter and then passed to an 
absorber chamber where ozone, gen­
erated by a high-frequency silent elec­
tric discharge, oxidizes the bacterial 
contamination and delivers pure, 
sparkling, fresh water that has no taste 
or odor. Unlike water that is disin-

fected by the addition of chlorine, 
there is no danger of overtreatment 
which may result in an unpleasant 
taste that may force troops to prefer 
untreated,  contaminated water. 

Power for the plant is supplied from 
an automatic gasoline-engine driven 1 0  
KV A . ,  ��O-volt, 3-phase power plant. 
This unit is self-starting and self­
regulating. The only attention re­
quired is lubrication and fueling. All 
mechanism is driven by a five-horse­
power, ��O-volt, 3-phase electric motor 
on which is direct mounted the treated 
water supply pump and coupling. 
Connected to the other end is the raw 
water supply pump. Also driven from 
the motor shaft are the compressor, 
cooling water circulating pump, and 
the evaporative cooler. 

Ozone is generated by the silent blue 
electric discharge between aluminum 
plates maintained at 1 3 ,000 volts by 
a � .O KVA transformer. Ozonized air 
is injected directly into the absorber 
through which it flows counter-current 
to the water in four separate stages. 
Diffusion, injection, turbulation, and 
scrubbing obtain efficient absorption 
of the ozone. 

[For a more comprehensive discus­
sion of the principles involved in water 
sterili,mtion with ozone, the reader is 
referred to page 136 ,  March 1 94� 
Scientific American.-The Editor.] 

D RY ROT 

Occurs Only When 

Moisture Is  Present 

T HERE is no real "dry rot" that at­
tacks wood and causes it to decay. 
Wood must contain more than QO per­
cent of moisture before fungi can grow 
in it. What is ordinarily called "dry 
rot" is caused by one of a . few species of 
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WHITE COLLAR MEN ARE STILL A DIME A DOZEN I 
T OOK around your office • .  A few men have 
� "arrived". They are the executives, earn­

ing big money. The others are what the top 
men in the company call "white·collar work­
ers"-able, conscientious, hard-working ­
perhaps with specialized training, but they 
are nevertheless figuratively worth a dime a 
dozen. 

WHAT'S THE DIFFERENCE between the executive 
and these "white-collar workers" ?  That's the 
question being asked by men who have hopes 

• . .  men who want to climb out of the rut 
and into the top·flight class themselves. The 
answer is - there's very little difference ! 

Has the man who makes $5,000 twice as much 
brains as the man who makes only $2,500? 
Has the man who makes $10,000 twice as 

much brains as the man who makes $5 ,OOO? 
Of course not ! And it would be amazingly 
easy for lnany lnen to transform an average 

salary into a large salary ! 

HOW IT'S DONE I The difference between suc­
cess and merely "getting along" lies in execu­

tive training. In the old days, successful 

executives had to gain their ability through 

long years of experience. But as business be­
came more complicated, educators became 
business-minded. Many big universities added 
schools of business ; the Alexander Hamilton 

Institute was founded-and since then has 

pointed the way to success to more than 
400,000 men ! 

HOW YOU CAN DO IT. The Institute has or­
ganized and formulated the knowledge of the 
country's most successful business men. Co­
operating with it are dozens of leaders like 

Edward R. Stettinius, Alfred P. Sloan and 
Thomas J. Watson. As a result, the Alexander 

Hamilton Institute offers you modern, up· 
to-the-minute training and information you 

would almost have to give your right arm to 

gain by any other method ! 

CUSTOM-MADE TO SUIT YOUR NEEDS. Please get 
this fact clear in your mind. The Alexander 

Halnilton Ins titu te offers a PERSONAL 

service, geared not only to YOUR partic­

ular needs, but to your particular needs 

TODAY-whether you are a young lnan 

just earning his first business laurels, or 

a busy corporation official who wan ts to 

keep up with rapidly changing econolnic 

conditions. 

PUT IT UP TO US. Why not prove to yourself 
that you have the fir�t quality of an executive: 
-the ability to make a decision? Write us for 

a free copy of that important little book, 
"Forging Ahead in Business". For many m\!L 

this simple act has been a major turning­
point in life ! 

Alexander Hamilton Institute, Inc. 
231 Astor Place, New York, N. Y. 

Please mail me, without cost, a copy of "Forgin@ 
Ahead in Business". 

Name . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 
Business Address . . . . . . . . . . . . . . . . . . . . . . . . . .  . 
Position . . . . . . . . . . . . . . . . . . . . . . . . . • . . . . . . . . . . . . •  
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fungi that grow rootlike strands that 
serve as pipelines through which they 
draw into dry wood the �ater they 
must have to live and to destroy the 
wood. These rootlike strands mu-st reach 
moist soil or some other source of mois­
ture if the " dry rot" is to cause decay 
of the wood, Sl),y United States Depart­
ment of Agriculture scientists who have 
studied the various forms of wood de­
struction. 

Wood kept dry, they emphasize, is a 
permanent building material . One way 
to prevent decay of wood is to inj ect 
into it preservative chemicals that pre­
vent fungus growth. The other way is 
to keep it dry so that fungi can ,not 
live. Ev�n the " dry rot" fungi can not 
develop if water can be kept beyond 
their reach. 

S U L FA.,DOG 

T h e  Sulfa Dru9� Also Work 

Wonders in  Canine Cures 

T HE big five in chemo-therapy­
sulfapyridine, sulfanilamide, ' sulfathi­
azole, sulfadiazine, and sulfaguanidine 
-are proving to be valu'able drugs in 
veterinary practice, according to Dr. 
Arthur Bryan, Baltirp.ore veterinarian. 

In compound fractures,  no matter 
how serious the wound or the possi­
bility of sepsis,  sulfoamide powder 
can be dusted ' into the wound and 
healing occurs without infection or 
even wound fever. Peritonitis may. be 
entirely prevented in small animals by 
implanting powdered sulfa drugs as a 
post-operative procedure. In fact, in­
fections of all kinds in our domestic 
animals 'appear to ' be more or less 
doomed to extinction, if the new sulfa 
drugs are used in ' time. Infections of 
the eye and ear respond promptly to 
sulfapyridine, sulfadiazine, or sulfathi­
azole, when these powdered drugs are 
worked directly into the infected re­
gion. Summer diarrhea and dangerous 

food poisoning infections,  particularly 
of small animals, respond to the re­
cently developed drug, sulfaguanidine, 
which has a selective action on the 
intestinal tract. 

These sulfoamide drugs, while per­
forming modern veterinary medical 
miracles, are toxic and dangerous in 
the hands of the laity, and the up-to­
date veterinarian alone is competent to 
prescribe these ' dru'gs for the benefit 
of our animal population. 

FISH 

And Their Reac:tion 

To Air Raids 

M8MBERS of angling clubs in various 
parts , of Britaih, 'where heavy air raids 
have been experienced; report that fish 
bite much better on the day following a 
severe blitz in the district . It is believed 
that the loud noises caused by explod­
ing bombs, guncfire, and so on have the 
same " effect on fish" as thunder� A bad 
thunder-storui always upsets fish and 
prevents them from feeding and conse­
<lllentiy, they are apt to . feed vora­
ciously when the disturbance is over. 

D ECALCOMAN IAS 

For Chinawa.re Made by 

Phot09raphic; Process 

A, )'lEW process for making chinaware 
decalco�:l),nias, > which ' substitutes pho­
to-lithography for hand-lithography in 
preparing " plates . from "

which decalco­
manias are printed, , makes possible 
exact and yet rapid reproduction of 
artists ' ·  designs. American independ­
ence in chinaware decalcomanias is 
expected when volume production by 
this method IS attained. Seventy per­
cent . of . the decalcomanias used by 
American chinaware manufacturers 
were imported at the start of the war. 

An increasing scarcity of decalcoma­
nias helped create unprecedented back­
logs in chinaware orders. 

In the new process, artists' designs 
are photographed through color filters 
and reproduced on sensitized metal 
plates, instead of being tediously stip­
pled by skilled craftsmen on soft 
stone . The designs are then transferred 
by use of a special offset lithograph 
press. 

It is pointed out that a more beau­
tiful chinaware will be available in all 
price ranges because photo-lithography 
can reproduce not only more intricate 
designs but do so with finer gradations 
of shading and blending of colors . The 
color shade of one plate is said to 
achieve an effect which formerly re­
quired three shades of one color, or 
three different stone plates. 

In transferring an artist's design to 
a stone plate, the craftsman stipples a 
maze of tiny dots with stippling pens. 
However, even the most skilled work­
men are unable to stipple all the fine 
dots necessary to copying the design 
exactly. By contrast, the sensitive 
photograph plate misses nothing be­
cause it actually reproduces the design 
itself. 

The artist's work is photographed 
through color filters for each color in 
the sketch. The camera detects and 
reproduces every detail and vestige of 
a particular color in the design, though 
it may not be visible to the naked eye. 
From each negative a positive is devel­
oped, and from that positive is made a 
sensitized metal plate for the offset 
lithograph press.  The plates, inciden­
tally, may be reused by etching off and 
regraining. 

Petit point decalcomania patterns­
which· American manufacturers for­
merly considered very difficult and 
have been" hesitant in supplying-are 
now being reproduced on dinnerware 
by photo-lithography. On imported 
ware, such designs are completed by 
hand in order to obtain the delicate 

Left: Photographing an artist's desi g n  for decalcomania use. Right: Printing decals on high-speed press 
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effect of many-colored needlework. The 
new domestic process eliminates the 
need of this supplementary touching 
up, as the camera exactly reproduces 
the intricate pattern and fine shadings 
of the artist's sketch. 

Black and brown etchings of historic 
shrines and other scenic designs can be 
copied for the decoration of service 
plates with no loss of artistic quality. 
Pictorial designs transferred by the 
hand-lithograph process appear faded 
in comparison. Photo-lithography as­
sures not only complete color control 
for decalcomania patterns but also 
combinations of line and half-tone 
which are beyond the scope of the 
hand method . 

Research work on this new process 
of producing decalcomanias has been 
conducted by the Ceramic Products 
Division of the du Pont's R. & H .  
Chemicals Department, long experi­
enced in manufacturing ceramic colors. 
After many months of work, a satisfac­
tory process was developed and in­
stalled on a, semi-works scale at a lith­
ograph plant in New Jersey . These 
superior decalcomanias made by the 
new process found ready acceptance by 
chinaware manufacturers . Demand ex­
ceeded supply of decalcomanias from 
the start, and there is still no indica­
tion when equipment will be available 
to make decalcomanias sufficient to 
meet demand. 

SOY BEANS 

Uses Have Been Widely 

Developed by Research 

THE Jack-and-the Beanstalk growth of 
the soybean crop and the soybean prod­
ucts industry in the United States has 
not been a fortunate accident. Instead, 
"it has been made possible through the 
results of research" by government 
agencies and by the industry , according 
to T. H. Hopper of the United States 
Department of Agriculture . 

Some of the steps in this "phenome­
nal development," which has added a 
major crop to American agriculture, and 
two items already important in com­
merce-soybean oil and soybean oil 
meal-are the following: Improved va­
rieties have been selected and bred from 
foreign seed; utility and climatic adap­
tations of superior varieties have been 
improved and farmers have learned to 
grow the crop; industrial equipment has 
been developed and greatly improved; 
the chemistry and physics of soybean 
oil have been investigated, and methods 
of refining and improving it for various 
uses have been studied, and the amount 
of the meal now used for the manufac­
ture of adhesives and plastics may very 
materially increase; systematic market-

THE NAV Y  "E� Jl<'mllint ftylng over the Bausch & Lomb plant 

Is  official recognition of acco m ­

plishm e n t  in Prod u �rion for Victory. 
I t  symbolizes n singleness of pur­
pose th:u j u s t i fies any sacrifice you 
or we may be cal led upon to make. 

Courtesy of American 'Museum of Natural History, New York 

When Gorilla savagei Visi ts a City Classroom 
To city classrooms B ausch & Lomb Balop_ 

t icons have brought Gorilla savagei and 
other c:\enizens of the wilds . . .  to d�st­
shrouded schools of Mid-Western plains. the 
rainbow-hued marvels of the Bermuda Deep 

. .  to mountain schools, the architectural 
wonders of spired Manhattan.  

Scenes from the far corners of  the earth, 
photographs requiring costly expedit ions to 
acquire, specimens found once in a scien tist 's 
l i fet ime-are now presented for leisurely, de­
tailed classroom study by beginner and expert 
alike. 

All  this  i s  made possible because of the ' 
Bausch & Lomb B alopticon, a s imply oper­
ated, economical st i l l  proj ection instrument. 

So un; vers;ll ly is this proj ector u sed that the 
trade name ", 'Balopticon" has become a com­
mon n6un to pe found in the modern dic tionary. 

TCI the, pupil in the classroom, to the scien­
tist working with precision optical instru­
men ts , and to the wearers of Bausch & Lomb 
eyewear, ,the Bausch & Lomb name stands 
for optical excellence. This name, through the 
many yeilrs of the company's existence has 
become a part of the pattern of American 
living. 

B A U S CH & L O MB 
OPTICAL CO . • ROCHESTER, N EW YORK 

E S T  A B LI  S H E  0 1 8 53 

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

F O R N AT I O N A L  D E F E N S E ,  E D U C A T I O N ,  R E S E A R C H ,  I N D U S T R Y  A N D  E Y E S I G H T  C O R R E C T I O N  

ing o f  soybeans has been instituted; offi­
cial grade standards have been devel­
oped. As a result of this work soybeans 
have become one of the commodity 
items of futures trading. 

T ELEVI S I O N  L I G H T  

Supplemented With 

Fluorescent Tubes 

EVEN with the increased efficiency of 
television transmitting equipment 
which has been brought about in re­
cent years, studio designers still are 

faced with problems of heat generated 
by the high-intensity light sources re­
quired for satisfactory television pick 
up. 

As a new attack on this problem, 
Westinghouse engineers ' have recently 
installed in the Dumont experimental 
television studios in New York City 
a lighting system which combines both 
incandescent and fluorescent lamps. 
In this installation, 95 percent of the 
heat felt by the actors is generated by 
the filament lamps . Performers are 
normally placed about 1 0  feet from 
the lights, which consist of 12 SOO-watt 
incandescent spots and 12 40-watt 
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fluorescent tubes . The fluorescent 
lamps alone supply approximately 300 
footcandles, the reflector spots being 
used to bring local lighting levels up to 
1 000 ' footcandles . The 480 watts of 
fluorescent lighting provide approxi­
mately 20 ,000 lumens of light, the 3600 
watts of incandescent about 30 ,000 
lumens. If incandescent lights alone 
were used, another 1 500 watts or 

Incandesc�nt plus fluorescent ' 
more would be required to provide the 
same number of lumens of light on 
the performers., This, of course, would 
result in greatly increased heat . 

In the experimental set-up shown 
in one of our photographs, the fila­
ment lamps are used only during ac­
tual broadcasting. Rehearsals and 
preliminary work prior to going on 
the air are done under the fluorescent 
lamps alone. 

FI NGER·SIZED 

Small Fluorescents 

Requ i re High Voltages 

How fluorescent lamps may be 
stretched into long ribbons like neon 
sign tubing, was described recently by 
Dr. J. W. Marden and George Meister 
of the Westinghouse Lamp Research 
Laboratories . In their report presented 
before the Illuminated Engineering So­
ciety it was indicated that finger-sized 
fluorescent lamps must be a " high­
voltage" type as compared with the 1 0,-
000 ,000 low-voltage fluorescent lamps 
now in use throughout the United 
States . High-voltage lamps were de­
fi�ed as operating at several hundred or 
more volts. 

The research scientists explained that 
the biggest fluorescent lamp now manu­
factured is five feet long, 2i inches in 
diameter, and consumes 1 00 watts at 
line voltages. A 1 00-watt tube one-half 
inch in diameter would have to be 24 
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feet long and would need 2000 volts 
to supply as much light as the five-foot 
giant. 

In discussing the practicability of 
high-voltage fluorescent lamps, Dr. 
Marden and Mr. Meister agreed that 
they would undoubtedly be used spar­
ingly where high levels of lighting are 
required, because the amount of light 
per foot is low in comparison with or­

-thodox lamps, In coves, however, and 
in places where concealed lighting may 
be wanted and low levels of illumina­
tion are satisfactory, they , might have 
considerable utility. 

AIR ARC H EOLOGY 

War, Fails to Stop 

British Archeologists 

I N the thick of the Battle of Britain, 
flying archeologist O. G. S .  Crawford, 
by anangement with the Air Ministry, 
undertook an aerial survey of ancient 
buried ruins of the Roman city of 
Verulamium near St. Albans . 

Prolonged drought had scorched grass 
growing over part of the Roman city,  
causing brown streaks to form with 
unusual plainness on tennis courts and 
cricket grounds there . These str'eaks 
reveal a chess-board plan , of the buried 
Roman city, its streets and buildings. 
Photographed from 3000 feet, the 
scorched field has added new features 
to archeological ' knowledge of one of 
ancient Britain's outstanding cities . 

A widening of the ancient east-west 
road of the city formed what may have 
been a parking area of the 2nd Cen­
tury A.D. ,  Philip Corder, curator of the 
Verulamium :Museum, reports ' in the 
British Journal, Archeology, from study 
of the air views,  according to Science 
Service. The plan of a small Romano­
Celtic temple and evidence of many 
other buildings are disclosed.  

G LACI ERS 

Of Comparatively  

Recent Origin 

GLACIERS in the Sierra Nevada moun­
tains are recent in origin and are not 
relics of the Great Ice Age as tourists 
are frequently told by guides, according 
to Dr. Francois E. Matthes, of the 
United States Geological Survey. 

"The small glaciers of the Sierra Ne­
vada are commonly believed to be 
shrunken remnants of the large glaciers 
of the Great Ice Age," Dr. Matthes 
says . "However, facts indicate that 
these glaciers have been in existence but 
a short time and are successors to, 
rather than remnants of, the Ice Age 
glaciers. They probably originated at 

about the same time as Owens Lake, 
which is fed by the snows of the Sierra 
Nevada. From its salt content, the age 
of the lake can be estimated as less 
than four thousand years . 

"The lake and glaciers therefore may 
have been created with the advent of 
the present relatively cool and moist 
conditions which followed the Ice , Age. 
It is probable that they made their last 
advances in the 1 7th, 1 8th, and 1 9th 
Centuries, and that the glacial deposits 
in the region date ftom the last great 
advance in about 1 850," 

Evidence of the youth of the Sierra 
Nevada glaciers is seen in the relatively 
small bulk of the material deposited by 
them, Dr. Matthes declares. Tb.is mate­
rial could not represent an accumula­
tion of ten thousand years, the time 
that has elapsed since the Ice Age. 

• • • 

STERI LIZER-Equipment used for can-
nin9 salmon at Ketchikan. Alaska. is 

bein9 used for packaging fi rst aid kits. 
The kits a're delivered by the machine 
sealed and sterilized. 

• • 

DEODORIZER 

O f  N e w  Design. For 

Home. Office 

• 

F ou� cannisters filled with activated 
carbon, a dust filter, and a circulating 
fan operated by a 40-watt motor are 
the essential parts of a newly designed 
odor adsorber recently announced by 
W. B. Conner Engineering Corpora­
tion. This unit, enclosed in a metal cab­
inet, is intended for use in homes, 
offices, hospital rooms, and so on where 

Carbon does the trick 

the air is sometimes contaminated by 
odors or certain gases . 

In operation, the contaminated air 
is drawn into the Dorex Odor Ad­
sorber, as the unit is called, by means 
of a fan. It is then drawn through the 
dust filter and then through the acti-
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vated coconut-shell carbon before be­
ing returned to the room . The carbon 
adsorbs the odors or gas in the air so 
that all the impurities remain in the 
unit and only clean, odor-free air is 
discharged. The carbon can be reacti­
vated, upon saturation, and used over 
and over again . The air handling capac­
ity of the unit illustrated in these 
columns is approximately I on cubic 
feet per minute. 

S K U L L  C U PS 

Odd Drinkin9 Vessels  

U sed in America 

SOME of the earliest Americans made 
drinking cups of human skulls, accord­
ing to Dr. Ales Hrdlicka, Curator of 
Physical Anthropology of the Smith­
sonian Institution, who found new ex­
amples of this macaber practice in vil­
lage sites on Kodiak Island. 

The Kodiak Islanders whose remains 
were studied were among the first mi­
grants from Siberia to settle on the 
North American continent. They were 
cannibals, so there was no shortage of 
skulls from which to make the cups. 

The practice, it is believed, was not 
solely utilitarian. The Pre-Koniags, as 
Dr. Hrdlicka calls the long-vanished 

people, may have used skulls of valor­
ous enemies for cups in the belief that 
some of the virtues of the former owner 
would be transmitted to the beverage. 

At one time, Dr. Hrdlicka says, the 
practice was widely distributed over the 
world and dates back at least to the 
late Stone Age in Europe. In America it 
can be traced over both continents. The 
Araucanians of Chile honored some of 
the slain leaders of Spanish expeditions 
against them by converting their skulls 
into bowls . 

EARLY S M O K I N G  

Use of Pipes Dated 

to 5th Century 

1}IE American Indians introduced the 
use of tobacco to early European ex­
plorers, but who introduced it to the 
Indians ? This question is probably un­
answerable, but evidence of the earliest 
known smoking of pipes, dated at some 
1500 years ago, has been found by the 
Field Museum Archeological Expedi­
tion to the Southwest. The fuel may 
have been tobacco, or may have been 
oak leaves, grasses, or something else . 

This is one of the discoveries reported 
by Dr. Paul S. Martin, chief curator of 
anthropology at Field Museum of Nat-

ural History, and leader of the expedi­
tion, upon his return from a prehistoric 
site which he and associate archeolo­
gists have been excavating in New 
Mexico. 

The ancient village which the expe­
dition brought to light, in the ruins of 
which a number of pipes were found, is 
estimated to have flourished about the 
5th Century A.D . ,  or approximat�ly a 
thousand years before the first white 
man invaded America and learned 
about smoking. Members of all tribes 
of Indians in the area from the Great 
Lakes to Argentina have had the smok­
ing habit for centuries , says Dr. l\fartin, 
but the people who inhabited the vi l ­
lage he has unearthed may have been 
the very first to indulge. 

M OTOR M O L E S  

Cars Operate U nder 

I deal Conditions 

D OWN under Detroit, two topless 
roadsters without license plates roll 
over . �� miles of roadways many times 
daily. They travel in weather always 
dry and clear, climb no hills,  halt for 
no traffic lights . 

These roadsters are the foreman's car 
and the service car for a rambling, 

HANOVIA ULTRAVIOLET QUARTZ LAMPS 
For All Research and Industrial Applications 

1 .  High intensity, all purp ose ultraviolet generators 
of the complete high-pressure Mercury Arc Spec­
trum. 

2. Burner envelopes are made of finest quality Fused 
Quartz. 

3.  Low initial cost, highly economical operation. 
4. Most efficient and durable source of ultraviolet. 
5. Operate automatically from ordinary power supply. 

SO M E .I M PORTANT U S ES :  

Photochemistry, Microscopy, Polarimetry, Spec­
troscopy, Fluorescence Analysis, as a catalytic 
agent and many others. 
HANOVIA HIGH PRESSURE QUARTZ MER­
CURY ARC BURNERS are available in all sizes 

from 90 watts to 4500 watts. Individual burners and controls 
for alternating current, without lamp housing, can be fur­
nished for special purpose applications. 

Write for complete information on the equipment· in which you are interested 

C H E M ICAL & MAN U FACT U R I N G  CO • • Dept. S.A.-I . N EWAR K. N. J.  
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160-acre salt mine HOO feet under De­
troit. The city traffic rumbles on above, 
neither affecting nor affected by the 
mine beIieath it. The mine also has 

. maJly miles of narrowcgage railroad and 
electric locomotives moving trains of 
cars loaded with lumps of blasted-out 
salt to the crushers, graders, and sort­
ers. It also has an office and even a 
machine shop to keep the machinery in 
order. Getting the road;"ters in to the 
mine was a problem. They wouldn't fit 
into the elevator with the tops on. 
Since there was neither rain nor sun, 
nor snow, nor hail in the ' mine, the tops 
were removed and the cars were low­
ered into the shaft. 

TARTARIC ACI D  

From Corn Becomes 

A Possibi l ity 

WITH imports of tartari� acid cut 
sharply by war, lind with its price 
increased nearly 150 percent, the 
United States Department of Agricul­
ture is watching the results of research 
that indicate the possibility of con­
verting corn into tartaric acid. 

Dr. O .  E .  May, Director of the 
Northern Regional Research Labora­
tory at Peoria, Illinois, has ' reported 
that research workers of the Labora­
tory have developed an efficient and 
cheap means of producing from corn 
sugar an intermediate produd, 5-keto­
gluconic acid, from which tartaric acid 
may be synthesized. The method 

. worked out on a laboratory scale will 
be tested in pilot plant equipment. The 
United States has a plentiful supply of 
corn sugar or glucose . 

• • • 

PORCELAI N - Defense-needed plastic:s. 
a luminum.  and hard rubber are being 

replac:ed in m any c:ases by a new type 
of porc:elain developed by Westing" 
house. 

• • • 

CORROSION 

Resisted B y  Powder 

For Damaged Tin Surfaces 

W HEN tin surfaces have been dam­
aged by handling, or worn away through 
use, or burned away in welding, the de­
fective area can be repaired with a new 
metallic coating powder made by Amer­
ican Solder & Flux. The repair material , 
however, is not intended for use in con­
tainers that come in direct contact with 
food. 

In use, the metallic powder is placed 
on the area to be repaired and heat is 
applied. Since the powder has a lower 
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melting point than tin, the heat used 
for lllelting it does . not disturb the orig� 
inal surface. It is stated that a sur­
face repaired with this powder . is rust 
and corrosion resistant and resembles a 
tinned surface in appearance. 

MATC H SO L D E R I N G  

Made Possible With 

N ew Units 

STRONG, perfectly soldered electrical 
connections can be obtained without 
the use uf the conventional soldering 
iron or torch, through the medium of 
"Jiggers."  Each Jigger is a small self­
contained soldering unit consisting of 
the correct amount of 50-50 solder and 
flux hermetically sealed within a water­
proof heat-generating outer shell. 

The sequence of operations in using 
these ' soldering units is shown in one 
of our illustrations. The wire splice is 

S l ip it on twisted wires. ignite 
with matc:h: Soldered joint results 

pushed into it Jigger and a lighted 
match is applied to the outer shell. The 
shell ignites and produces the correct 
temperature to flow the solder into the 
splice. The burned shell is then dropped 
off, leaving a clean soldered '  splice. 

PEAT 

Brown Gold Of 

Alaska M uskegs 

ALASKA has a virtually untouched 
"Klondike" in its 1 1 0  million acres of 
peat muskegs---if anyone can develop 
satisfactory and inexpensive ways of 
packing .and transporting the peat. 
Farmers and gardeners use commercial 
peat to supply soil humus. They also 
use peat for bedding in sta�les and as 
poultry litter that, in turn, becomes val­
uable . manure. Several kinds of peat 
make good composts when combined 
with waste materials . Alaska ferti­
lizer supplies also include fish-canning 
wastes. 

The United States Department of 
Agriculture recently concluded a pre­
liminary survey of the peat resources of 
Alaska, with a view to possible encour­
agement of a small-scale peat industry . 
Many muskegs are accessible from the 
coast. 

The survey revealed sphagnum moss 

peats and sedge peats, both desirable 
for improviIlg soils and for other agri­
cultural uses. Through ages, this peat 
has -accumulated on the .surface and 
now forms layers from four ·to six or 
more feet deep. Only simple tools are 
needed to dig the peat . The surveyors 
made no exact estimates of supplies ,  but 
the reserves are ample. 

Chief obstacles to marketing Alas­
kan peat are the short summer season, 
sparse labor supply, and transportation 
problems.  Local plants could dry, 
shred, and pack the peat, but economic 
studies will be needed before the De­
partment can recommend development 
of an Alaskan peat industry. 

POWER ALCO HOL 

Not Yet feasible or 

N ecessary in United States 

PERIODICALLY there crops up a discus­
sion regarding the use of alcohol as a 
motor fuel in the United States. Some­
times this discussion is motivated by a 
desire to conserve fuel obtained from 
petroleum and sometimes by a desire to 
create more extensive outlets for agri­
cultural products .  It is known, of 
course, that power alcohol ' is being 
widely used abroad and hence would 
seem to be a logical development in this 
country. 

Because of the uncertainty of the ex­
act status of power alcohol, from the 
standpoint of both technology and 
economy, it is interesting to note a part 
of a letter recently addressed by Presi­
dent Roosevelt to Honorable Gordon H. 
Garland , Speaker of the Assembly, Cal­
if'DI'Ilia Legislator. This letter was in 
answer to a communication from The 
Honorable Mr. Garland regarding a 
joint resolution urging the establish­
ment of plants for the conversion of 
surplus fruit and vegetables into alco­
hoi for use in national defense as an 
auxiliary fuel . 

"While it is true," stated the Presi­
dent, "that a number oI foreign coun­
tries process agricultural materials for 
the production of alcohol as a motor 
fuel, it is equally true that the motor 
fuel -economy of countries possessing no 
petroleum resources is very different 
from such economy in the United 
States. It has never been established in 
this country that the conversion of agri­
cultural products into motor fuel is eco­
nomically feasible or necessary for na­
tional defense. 

"On the other hand, it has been rec­
ognized for some time that a real need 
exists in this country for the develop­
lnent of all the information possible on 
this very contentious subject. Hence a 
pilot-plant is being set up at the North­
ern Regional Research Laboratory of 
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the Department of Agriculture at Pe­
oria, Illinois , to make such studies. Un­
til this plant is completed and has been 
in operation on a variety of agricul­
tural products for such time as may be 
required for the collection of essential 
data, it would not seem advisable to 
undertake the project advanced in As­
sembly Joint Resolution Number 21." 

F I R E·SAFE 

Air-ConditioninC) System 

Fire Yields Lessons 

F IRE-SAFE air-conditioning equipment 
is of primary importance to public 
buildings and stores where large num­
bers of people congregate. :For this rea­
son a fire which originated in the air­
conditioning system of a Toledo, Ohio, 
department store has been carefully 
studied with a view to determining 
measures to safeguard against similar 
occurrences in the future . 

The Toledo fire occurred in a four­
story and basement structure, starting 
in the room housing the air-conditioning 
equipment . First indication of fire was 
smoke issuing from a louvre in the wall 
of this room . Then haze poured out of 
the air-conditioning ducts . The manual 
controls for the louvre openings and the 
control switch for the air-conditioning 
system were located in the air-condi­
tioning room . Fortunately, an engineer 
was able to work his way into the room 
housing the equipment and pull the 
control switch just before the sprinkler 
heads operated and extinguished the 
fire. 

The only direct fire damage was to 
the interior of the air-conditioning room 
and its equipment. Damage by smoke 
to merchandise was remarkably small , 
apparently because some of the parti­
cles were removed from the smoke by 
the fiber-glass filters of the air-condi­
tioning system. These filters, coated 
with a non-flammabl� dust-holding oil, 
also acted as a fire barrier to prevent 
spread of fire through the ducts . 

It is apparent that the fire actually 
started in an accumulation of flam­
mable material which may have been 
drawn into the air-conditioning room 
through the return louvres located at 
floor level . Since the fire these louvres 
have been relocated seven feet above 
the floor. Also, the louvre and motor 
controls have been removed to the out­
side of the air-conditioning room where 
they can be more easily reached. 

This fire clearly shows that the impor­
tant factors to be considered in install­
ing air-conditioning equipment are as 
follows : Automatic dampers should be 
provided on both sides of filter cham­
bers; fine screening should be placed in 
an return ducts or louvre openings to 

I M M E D I A T E  D E L I V E R Y 
LATEST TYPE I N D U STRIAL & LABO RATORY EQU I PM E NT 

BRONZE GEAR A N D  
CENTRI FUGAL P U M PS No. 1 Centrifugal 

No. 4 " 
No. 9 

Inlet 
'4" �" 1'4" 

Outlet 

'A." 
>,2" 1 • 

Price 
$ 6.50 

1 3.50 
1 6.50 

With 
A. C. motor 

$25.00 
32. 00 
35.00 

No. 1>,2 G��r 'A." 
No. 2 '4" Pr��e $ 9.00 

1 0. 00 
With A. C. motor . .  . .  . .  $25.00 

27.50 
No. 3 %" 1 1 .50 28.50 
No. 4 >,2" 1 2.50 32.00 
No. 7 �: 1 5.00 37.50 
No. 9 1 1 6.50 49.50 . 
No. 11 1'4" 48.50 o n  rl!q uest 

H EAVY DUTY TWI N  COM P RESSO R 

D U RAKOOL M E RC U RY SWITC H E S  
This metal mercury switch overcomes faults of 
usual mercury switches. May be turned 8. full 360 0 .  Has thousands of known 8vvlicatioDs from 
tiny lab instruments to gigantic power controls. 

1 AmP . . . . . . . . . . $ 1 . 1 0  20 Amp . . . . . . . . . . $3. 1 5  
3 Amp. . .  . . . . . . .  1 . 65 35 AmP. . . . . . . . . .  5.50 5 AmP. . . . . . . . . .  1 . 65 65 AmP. . . . . . . . . .  1 1 . 00 10 Amp . . . . . . . . . . 2.00 200 AmP. . . .  50.00 

Ideal spraying outfit for all liquids such as paints. 
enamels. etc. Can also be used for cleaning, tire 
inflating, and general purposes. :r;quivved with 
General Electric, 14 HP. a.c.  motor. Quincy air 
compressorl adjustable safety valve, and 100 lb. air 
gauge. A heavy duty Plummer spray gun with 15 
fe�o�p��t�e. a�3igi!�dO:I�o�0 J�:rari��� $45.00 

Complete automatic twin cylinder outfit 
fully equipped with a heavy duty y.; 
H . P .  motor, air tank ( 300 lbs. test-
1 50 lbs. A. W.P. ) ,  automatic adj ust­
able pressure switch, gauge, check 
valve, safety valve and drainer, etc. 
Delivers 150 lbs. pressure. D isplace-
ment 1 .7  cu. ft. per min. 

. 

M od.ls  S H T Y4 
12" x 24" tank A.C. 110 or 220 Y. 60 cycle  $57.50 
16" x 30" tank A.C.  110 or 220 Y. 60 cycle  $64.50 
Laroe stock of air com pressors, Y4 H . P. to 20 
H . P. A.C. and D,C. ,  al l  Yoltages, 1 to 120 
C.F. M . d isplacement, bui lt  for al l  requirements. 

Add itional data on reques!. 

Synchronous M otors 
New Emerson 1 0 0th H.P . •  9 0 0  R: P.M.  1 1 0  
volt 6 0  cycle hollow 2 5 / 3 2  shaft vertical or 
horizontal  mount,  no base. Has many ap-
plicati"ns . . . . . . . . . . . . . . . . . . . . . . . . . . . . $7.110 

EXHAUST FANS,  B U CKET BLADES 

RPM. cu. ft. Price 
per min 

1550 550 $ 1 2.00 1500 550 1 3.50 1750 800 1 8.00 1150 1800 2 1 . 00 1140 1650 27.50 1750 2500 22.50 1140 2100 32.00 1140 2800 36.00 1140 4000 42.00 850 3800 45.00 

CO ROZO N E  
OZON ATO R 

An electrical device 
that con verts ordi­
nary oxygen into 
ozone. Revitalizes 

Suitable for laboratory. 

. . 
11.0 . 

��It 
. 
�� $9.50 

General E lectric I mmersion Heaters 

Suitable for heating liquids. tanks. kettles, etc. (1 }(W raises temperature 100 °F 3 gallons per 
bour. ) Fitted for 11h" iron pive thread. Can 
be used as 110, 220 mlt or 3 heat 110 volt. 

600 Watt . . . . . . $7 .50 1200 Watt . . . . $ 1 0.50 750 . .  . . . . . . 7 . 50 2000 . . . . . . .  1 2.50 3000 Watt . . . . . . $ 1 5 .00 

FORCED DRAFT BLOWERS COMPLnE WITH MOTOR 
TYPE H.P. R.P.M. CU. FT. MIN. INLET OUTLET PRICE 
0 1/20 1150 160 4lh" 3%, "  $22. 00 0>,2 lis 1150 350 6>,2: 3 �" 25.00 1 1/6 1750 535 6 4>,2: 30.00 1'4 '4 1750 950 71h1JO 6 . 37 .50 1';2 ';2 1150 1900 9';2" 1 75.00 

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

P I O N  E E R A I R C O M  P R E S  S 0 R C O . ,  I n c .  
1 20-s CHAM BERS ST. N EW YORK CITY, N. Y. 
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THE 

ASTO R IA A PA RTM E NTS 
oj THE WALD ORF-ASTORIA 

O N E - R O O M  APARTM E NT S  THAT 
��LIVE�� LI K E  TH R E E  R O O M S 

Living-room, to dining-room, to . bedroom _ _  . presto changes that 

take place easily and gracefully . . . in apartments designed for 

greatest "livability" on conservative budgets. Surprisingly reason­
able leases by the year, seaSon or for shorter periods. Also "Town 
House" suites in 2, 3 and 4 rooms. 

I. This attractive living-room . . . 1 
2. becomes ,  magi cally, a dining­

room . . .  

3. and, finally, a sleep-inducing bed-

Inspection invited. 
Descriptive booklet on request. 

THE WALDORF-ASTORIA 
PARK AVE-N U E  • 49 T H  TO 5 0 T H ' N E W  Y O R K  

--- M I S C E L L A N Y ---

prevent flammable material from enter­
ing; air filters should be of a type that 
will not burn; horizontal ducts should 
have a number of door openings for ease 
of cleaning; remote control at an easilv 
accessible point should be provided f;1' 
louvres and motors; all portions of the 
room housing the air-conditioning ap­
paratus should be equipped with sprin-
klers . 

' 

B LAC KO U T  B U L B  

Yields Blue Light. 

Directed Downward 

DESIGNED for blackout lighting in air 
raids, a new blackout bulb provides 
downlighting in a soft beam of blue 
light that is safe for indoor visibility 
during blackouts. The bulb, just an­
nounced by the Wabash Appliance 

Blue l ight fol' blackouts 

Corporation, is lined inside with a 
silver reflector lining that hides all 
filament glare and projects the light 
downward. Light leaks are prevented 
by a black silicate coating that covers 
the bulb up to the extreme lighting 
end, which is a deep blue. 

FLAM EPROO F I N G  

Made Possible B y  

Laboratory Curiosity 

EVERY minute and a half-on the 
average-a home catches fire some­
where in the United States . Blazes 
often start from fireplace sparks . Some­
times a flimsy window curtain blows 
over a gas range burner. Smoking in 
bed is a common dangerous practice. 
And children still play with matches. 

From now on, such fires need never 
happen. Thanks to chemical research, 
all the flammable fabrics in the home 
may be "flameproofed" simply and 
effectively. With many of them, it's as 
easy as starching on wash day. 
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Annually, some 8700 fatalities from 
burns are listed, along with countless 
injuries . Many of these are attributable 
to clothing that caught fire . 

A great decrease in such accidents 
is foreseeable by "flameproofing" our 
clothing. The sheerest negligee, a vel­
vet evening gown, the arc-welder's 
overalls, the little girl's frilly party 
frock, all may be treated by dipping 
or spraying with the chemical so that, 
though they may char upon contact 
with flame, they will not flame or sup­
port combustion. 

Fabrics immersed in a solution of 
one pound of the new fire retardant, 
ammonium sulfamate, to one gallon of 
water, and then dried, will remain in­
capable of supporting fire until washed, 
when the treatment is repeated . Dry­
cleaning does not remove the fire pro­
tection quality or appreciably impair it. 

Moreover, this chemical newcomer, 
first announced on page 140, March 
1 942 Scientific American, is said to be 
unique

' 
because it does not affect the 

"feel" or appearance of fabrics. Indeed, 
it takes an expert-or a flame-to dis­
tinguish between treated and untreated 
goods.  

Until three years ago, sulfamic acid, 
the crystalline powder from which the 
ammonia salt for flameproofing is 
made, was a laboratory curiosity. All 
known methods of producing it were 
prohibitively costly, and had always 
been since the acid was first tediously 
prepared by the Swedish chemist 
Berglund 63 years ago. 

Then, in 1 939,  at the Experimental 
Station of the Du Pont Company, an 
economical way of making sulfamic 
acid was developed. At that time 
scarcely a single practical use was 
known for the acid. 

But a few weeks ago a plant to 
manufacture the new industrial chem­
ical by the tons was opened. It is the 
first and only plant of its kind in the 
world. The reason for it being built is 
that sulfamic acid and its derivatives 
are now known to be useful for more 
than a dozen important purposes, 
ranging from leather tanning and dye­
ing processes to killing poison ivy and 
ragweed-and now flameproofing tex­
tiles . 

Because it affords such a high degree 
of protection against flame and flying 
sparks, the fire retardant has for some 
months been used in airplane manu­
facture, in workmen's clothing in steel 
mills and in shipyards.  A disastrous 
fire in the chemical laboratory of a 
large university ' recently led to the 
flameproofing of students' "lab" 
smocks. 

U .  S. Army Lighting Plants, New 
Gaso line D r  i v e n. 

"Delco" 1 0 0 0  watts, 

1 2 0  volt direct cur­

rent generator. Sin­

gle cylinder, 4 cycle 

air cooled 2 % inch 
bore.  5 inch stroke. 
1 4 0 0  RPM, battery 

start i g n i t  i o n. 
Weight 3 4 0  lbs. 

Price . . . . . $200. 00 

Additional data on 
request. 

E D I S O N  STORAGE BATTERI ES 
Cells are in excellent condition. Complete with solu­
tion. connections and trays. Prices below are about 
10% of regular market price. Average life 20 years. 
Two-year unconditional Guarantee. 

A-4 Amp, Hrs. 1 5 0 .  
E a .  $ 6 . 0 0  

A · 6  A m p .  H r s .  2 2 5 .  
E a .  6 . 00 

A-7 Amp, Hrs. 2 6 2 .  
E a .  7 . 00 

A-S Amp. Hrs. 3 0 0 .  
E a .  7 . 00 

B-2 (J-3) Amp. Hrs. 3 7 .  
E a .  5 . 50 

M·8 Amp. Hrs. 1 1 .  
Ea. 2 . 00 

L-20 Amp. Hrs. 1 3 .  
E a .  2 . 50 

L-40 Amp. Hrs. 2 5 .  
Pro 4 . 00 

All cells 1 . 2  volts each 

prices are per unit cell. For 6 
use cells. 12 vt. -l0 cells, 110 vt.-88 cells. Note : 
On all cells 75 aml)s. or less an additional charge 
of 10% is to be added for trays. 

U. S. ARMY TELEGRAPH SET 
Signal Corps telegraph key and Bounder 
mounted on mahogany board. Oper� 
ates on 2 dry cells . . . . . , , . . . .  ' "  . , .  $5. 95 

U. S. ARMY TELEGRAPH S O U N DERS 

All brass on wood base, 2 0, 50, or 
200  ohms.  Bunnell  . . . , . . . . . . . . . $5. 95 

TELE PHONE SWITCH DIALS 

"Kellogg" 4 terminal, 1 0  digits. Diameter 
2 % ", new . . . . . . . . . . . . . . . . . . . . . · . . · $3 . 50 

TELEG RAP H I C  TAP E  RECORDER 
Makes written 
record of code 
o n  paper tape. 
Ideal machine 
f o r  learning 
code or teach� 
ing c o  d e t o  
groups. Radio 
men can eas­
ily adapt it 
to short-wave 
receivers f o r  
taking perma­
nen t records 

of  code messages. Double pen permits simul­
taneous recording of two messages. Pens 
operated by battery and key while tape 
feeder is spring driven. Made o f  solid brass 
on heavy iron base. Useful on fire, burglar 
alarm and watchman systems. May be used 
to intercept telephone dial calls. 10 ohms. 

Rebuilt & finished, 

like new $47 .50 Reconditioned 

GLASS MERCURY TUBE SWITCHES 

$30. 

amp. $ 1 . 25 10 amp. $2. 25 
amp. . ,  1 .95 2 0 amp. 2 . 95 

TRANSM ITTING 
CON DENSERS, 

M ICA, 
operating volts 12, -
500, CM), . 004, 
Dubilier, new $ 1 2.50 
Dubilier, used 1 0.00 
Wireless Spec. new 

$ 1 0.00 
Wireless Spec. used 

$7.50 
Condenser, DubIlier, mica, OP. volts 8,500. cap. 
004 . . , . . . . . . . . . . .  " . . . . . . . . . . . . . . . . . . . . . . . . .  $7.50 

N I C H R O M E  W I R E  
in stock 

SIZES FROM #39 to . 0 0 1  

MAG N ET W I R E  
SIZES # 1 8  t o  #4 2 i n  stock 

COTTON OR SILK COVERED 
ONLY. May we quote you 

S I RENS '/2 H. P. N EW 
Universal AC & DC 1 2 0  volt Portable 
Weatherproof Limited number . . . . . . $75 . 00 

Build Your Own Searchlight 
U.  S. Army Parabolic M irror 

Precision Qual ity 
FOCAL GLASS 

DIA. LENGTH THICKNESS PRICE 

11 in. 4 in. '4 in. $15. 
3 0  in. 1 2 'h  in. 7/16 in. 75. 
36 in. 1 8 '4  in. 7/16 in, 125. 

Made by Bausch & Lomb & Par­
sons. Perfectly ground and high­
ly polished. 

A few 60 in.  s l ightly used metal 
mi rrors on hand. 

BAROGRAPH FRIEZE, 7 Day Graphic,  7 
Jewel movement, 2 8  in. to 31 in. atmos. 
pressure by 2 0 ths. 8 Vacuum Cylinders 3 o/s 
in. dia. hinge cover, glass front, 
mahogany case, Price , . , . . . . . . . . .  $55 .00 

U. S .  N.  AEROMARINE COMPASSES 
Suitable for car, boat or plane made for 

All at fracti on  of orig­
i nal cost ($60 to $ 1 40 )  

MAKE 

Kollsman . . . . . . . . . .  , . 
5 0  grad, $27.50 

Pioneer . . . . . . . . . . . . •  
1 0  grad, 32.50 
5° grad. 27.50 

Air. Control • . . . . . . . .  
1 0  grad. 35.00 
50 grad. 27.50 

If  electric i l l u m i nation 
desired, add $2.50 

Navy 

U. S. ARMY ALI DADES 

Hardwood, metric scale, 0-15 em. and reverse, and 

��gle
S��j� t����li��d�g�t F���iJe 

level. , 45 ° 
$ 1 . 95 

HAND CLINOMETERS, PEN DANT 

u. S. Army Engineers, Geologists. Survey-
ing. Mal)ping, etc. Magnifying Eyeviece. $3 . 50 

U. S. ARMY L I Q U I D  COM PASS ( S perry ) 

Bronze j ewel bearing. Leather case. 
2 % "  diameter, 1 '4 "  high . . . . . . . . . . .  $2.50 

U. S. Army Engineers Prismatic 
Com pass 

Pocket type, 3 6 0 0 Limited quantity , $ 1 0 . 50 

HUTCH INSON PRISMATIC COMPASS 
3 in. dia. ,  brass, black enameled, im-

�����:g 
P

j����d ����. 2P�::.
iJEa�� .t��: $ 1 6 . 50 

Prisms, Binoculars, Bausch & Lomb, used, 

��g�tlrn c�\�fa"�: . � .  :::: 6 , .
i�.

C� .
l
.
o

.�g 
$2.00 

Engineers U .  S. Army Precision Type Tripods 

Keuffel & Esser, precision type hard wo,?d, 
42" long, 3 " diameter bronze p latform WIth 
5 / 1 6 "  #18 threaded stud %0 "  long. Has brass 
tension adj usting screws. Legs rein-
fo rced with cast bronze and steel 
tips, Weight 5 lb.  
Price . . . . . . . . . . . . . . . . . . . . . . . . . . . . . $4. 95 

U nited States Govt. Fire 
Extinguishers 

( Refillable) 

Heavy Copper & Bronze 

Carbon tetrachloride ( pyrene liquid ) ,  pres­
sure type, ideal for labs, trucks, boats, gar­
ages, office, etc. ( 1 0  times more pressure 
than hand extinguishers. ) Just turn handle. 
No pumping necessary. Ideal for remote 
control with wire. ( Original cost $ 4 0 . 0 0 . ) 

1 qt. ( 1 0 0  lbs, pressure ) , . . . . . . . . . . . $10.50 

2 qts, ( 2 0 0  lbs. pressur e )  . . . . . . . . . . . . $16.50 

U. S. N avy D ivers Lantern 
E lectric 150 watt,  any vo ltage, solid 

p���/��s
.
s: .�O.O . . 

lb .
. :��:' , ::� �ght

, 
1 2  

.
l�: $8 . 50 

Fire Alarm Equipment 
Gamewell Street Boxes . . . . . . . . . . . • . . . . . . . • •  $40.00 
Gamewell Combination Fir� and Police 

(telegraph and phone) Street Boxes . . . . . . . .  40.00 
Interior Fire Alarm Stations . . .  . . . . . . . . . . . 5.50 

SINGLE STROKE ELECTRIC GONGS 
Edwards 12" bronze DC 5 Ohm Mech. Wound $ 1 8.00 
Edwards 10" bronze DC 5 Ohm Mech. Wound 1 5 . 0 0  
Edwards 6 "  bronze DC 5 Ohm Mech. Wound 1 0. 5 0  
Schwarze 8"  100  Ohm 32 volt . . . . . . . . . . . . . . .  1 0.50 
Schwarze 5" 18 volt . . . . . . . .  . . . . . . . . . . . . . . . . .  7.50 
Gamewell 12" Bronze "turtleback" 6 volt 

Mech. Wound , . . . . . . . . . . . . . .  , . . . .  , . , , , .  20.00 
Also limited amount Faraday bells. Of particular importance, safety 

engineers point out, is the flameproof­
ing of pile fabrics . These are prone to 
"flash" burn-that is, flame will liter-

MANHATTAN ELECTRICAL BARGAIN HOUSE, INC . ,  Dept. S .S . , 1 20 Chambers St. , New York City 
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S O I L T E S T I N G 
P r e v e n t s  g a r d e n  f a i l u r e s - s h o w s  
w a y  t o  h e a l t h y, v i g o r o u s  

lawns, vegetables 
f l ow e rs ,  

Most garden failures result from a 
badly balanced diet of plant foods-or 
an acidity condition which may be actu­
ally poisonous to the plants you want to 
grow_ 

3. What kind and how much ferti­
lizer you require to supplement the 
plant food elements which your soil 
already has. 

For example, potatoes develop scab in 
soil that is sweet enough to grow aspara­
gus. You cannot grow good carrots, 
beets, and other root crops unless there 
is p.lenty of potash in the soil. But more 
nitro gen is required for grasses and for 
tender lettuce, spinach and other leafy 
vegetables. Flowers blossom to perfec­
tion only when amply fed with phos­
phorus. 

The tests are easy to make-a fas­
cinating task for any one who is scien­
tifically inclined. Simple instructions and 
a helpful chart then tell you what to 
do for best results. 

With a Sudbury Soil Test Kit, in ten 
minutes' time, you can determine : 

S E N D  NO MON EY We want to help 
you make your first soil test. Write for 
your Sudbury Soil Test Kit today. When 
it arrives, pay the postman $4.75 plus 
postage. You may return it for full re­
fund if you are not satisfied that it is 
exactly what you need. ( If you prefer, 
send $4.75 and we pay postage. ) Act 
n�w. Av�id a disappointing garden 
faIlure whICh wastes seed and fertilizer. 
Address Sudbury Laboratory Box 7 10  
South Sudbury, Mass. ' , 

1 .  What plants will grow best in 
your present soil. 

2. How to correct present soil acidity 
which may be harmful ( or even poison­
ous ) to the plant you want to grow. 

SUDBURY SOIL TEST KIT 
New Club  Model 

Takes the guesswork out of gardening 

V I C T O RY I N  WAR 
Calls For Skilled Workers 

Increase 
Trades 

Your 
With 

Knowledge of the Machine 
These Outstanding Books 

B l ueprint Read i n g  for the Ma­
c h i n e  Tradetl--by Fortman and 
M c K i n ney. A very practical and 
easy-to-understand book. Con­
tains many helpful "Quiz" ques­
tions with answers included. 
-$ 1 . 60. 

Forg i n g  P ractice - by J o h nson. 
A practical volume on hand 
forging of wrought iron, ma­
chine and tool steel. drop forg­
ing, and heat treatment of steel 
including annealing, hardening. 
and tempering. -$ 1 . 60. 

Fo u n d ry Work - by Sti m pson­
G ray_ Gre n n a n .  An excellent book 
on standard foundry practice. in­
cluding hand and machine mold­
ing, with typical problems worked 
out in detail.-$2. 1 O. 

Ma ch ine  Desig n-by W i nsto n .  A 
beginning volume presenting those 
fundamentals of theory and an­
alysis which are basic to the field 
of machine design. The calculus is 
not resorted to as several rational 
formulas are included for which 
no derivations are given.-$3. I O. 

For Sale by 

M ac h i n e  Shop O perations - by 
Barritt. There are 267 actual 
jobs. 790 pages, a.nd 1.235 illus­
trations in this popular book. The 
jobs are typical of hundreds of 
major oIlerations which a skilled 
mechanic is called upon to do. 
The tools needed for each job are 
listed and the job is worked out 
in a step by step manner. "Quiz" 
questions appear at end of each 
iob.-$5. 1 O .  

Machine  Shop Work-bY Turner­
Perrigo- Bertrand.  An up-to-date 
book on approved shop methods 
including construction and use of 
the tools and machines, details 
of operation. and modern produc­
tion methods. Fifth edition.­
$2.85. 

M etall u rgy - by Johnson- Dean­
G regg. A fundamental book for 
the beginner that stresses the 
science of physical rather than 
chemical metallllrgy.-$ 1 . 60. 

Pattern M ak i n g  - by R itchey· 
M o n roe- Beese- Hal l .  A practical 
treatise on woodworking and 

wood turning, tools and equip� 
ment. construction of simple . and 
complicated patterns, including 
metal patterns. -$2. 1 0. 

E lectric Wel d i n g-by Potter. An 
easy-to-understand text covering 
principles and application of the 
various types of electriC arc weld­
ing.-$ 1 .35. 

Oxyacetylene Wel d i n g  - by Kehl  
and Potter. A presentation of 
modern processes of welding, cut­
ting, and lead burning for steel, 
cast iron, aluminum. coVver and 
brass.-$ 1 . 35. 

Sheet M etal Work-by Neubecker. 
An excellent book of self -instruc­
tion in pattern drafting and COD­
struction in light and heavy gage 
metal. with many practice prob­
Jems. -$2. 60. 

Practical M athematics-by H obbs­
Dalzel l - M c K i n ney. A practical 
Hhow-to-do-it" book dealing with 
the fundamentals of mathematics. 
Questions and answers included. 
-$2. 60. 

• 
Prices Quoted Aro Postpaid i n  
the U n ited States. O n  Forei g n  
Orders add 25 cents Postage on  
Each  Book. 
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ally sweep across the nap in an instant. 
Broad usage of the fire retardant is 

fairly certain to open up in two other 
fields where safety is an urgent need. 
One is in paper, especially for decora­
tive purposes .  The other adaptation 
lies in treatment of insulating mate­
rials to prevent the spread of flames in 
frame dwellings. 

Some progressive dry-cleaners and 
laundrymen already are offering cus­
tomers a fire retardant treatment for 
clothing, bed-sheets ,  blankets and the 
like. It is predicted that textile mills 
will shortly begin flameproofing fab­
rics in course of manufacture. 

FOREST FIRES 

Greatly Reduced in  
Protected Areas 

T HE forest lands of the United States 
are now better defended against fire 
than ever before, according to the 
United States Department of Agricul­
ture. Vast strides have been made in 
the increase of forest area being given 
fire protection and in the fire control 
methods and equipment being used. 

In addition, the Forest Service points 
out, fire lookout towers and both federal 
and state lookout stations are avail­
able, if needed, in the present war for 
use as air-raid spotting stations and de­
tection of possible enemy signal fires or 
incendiary sabotage. These mountain 
stations, once vulnerable to telephone­
line service troubles, are now made 
much less so through the adoption of 
shortwave radios by the Forest Service. 

Like modern armies, up-to-date fire 
control organizations have been mech­
anized. Portable power water pumps 
have replaced the 10-quart pail and, 
whenever practicable, handtool fire line 
construction is supplemented with the 
use of portable power-driven equip­
ment. Airplane transportation of sup­
plies,  equipment, and manpower to in­
accessible fires where delivery is made 
by parachute, now regular procedure, is 
a practice unknown during the last war. 

A little more than 11 million dollars 
in funds will be available for this forest 
fire protection during the 1 94� fire sea­
son. The Department's foresters esti­
mate that an additional six million dol­
lars would be required to protect all 
forest lands needing it. A total of 146,-
000,000 acres of forest land in the 
United States still lack any organized 
fir«< protection, according to the Forest 
Service. The unprotected area amounts 
to about one-quarter of all the coun­
try's forest lands needing protection. 

Fires on unprotected forest lands ac­
counted for 87 percent of all the area 
burned over in the United States last 
year. 
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I n d u st r i a l G rowth 

N ew Products a n d  Processes That Reflect Appl ications 

of Resea rch to I ndustria l  Production 

D EM AG N ETIZER 

For Equipment Used 

In Production 

W HEN tools, drills, punches, and 
other machine shop equipment and 
work pieces become magnetized, as 
they do when being used with mag­
netic chucks, they are bound to attract 
small and sometimes almost invisible 

Prevents metal pick-u p  

chips and dust. These particles , cling­
ing, to the magnetized cutting edge of 
a tool, act as an abrasive between the 
tool and the work, causing the tool to 
bind or heat and dull quickly. 

Such magnetized machine shop 
equipment can be quickly demagne­
tized with a powerful, portable demag­
netizer recently announced by the 
Ideal Commutator Dresser Company. 
The tool or work is merely passed 
across the magnetic poles of the unit 
or, in the case of large parts, the mag­
netizer is moved over the work. Tools 
that have been demagnetized will stay 
sharp longer, will cut faster, and are 
more accurate than magnetized units . 

I N D UCTION HARD E N I N G  

Saves M uch-Needed 

Copper for Defense Use 

BEFORE induction hardening was 
adopted by a large automobile plant, it 
was necessary to use copper bushings in 
the rocker arms to prevent them from 
wearing out the shaft. Increasing the 
shaft hardness from 20 to 50 Rock­
well C by high-frequency heating and 
quenching has resulted in a hardness 
sufficient to prevent shaft wear when 
the rocker arm is used without the cop­
per bushing. Nearly five million shafts 
have been processed during the past 

two years without a single reject that 
could be traced to improper heating. 
Since about 14 ,000,000 bushings weigh­
ing four-fifths of an ounce each were 
needed annually, a savings of 35 tons of 
copper resulted. 

In the manufacture of rocker arm 
shafts, the steel is cut in 1 2�-inch 
lengths out of !-inch bar stock, and 
ground. Shafts are then bored, counter­
bored, and faced for length simultane­
ously in one machine at the rate of 1 85 
per hour, using 26 machines to maintain 
the present schedule of 1 2 ,000 units 
daily. The shafts are then hardened in­
ductively by a "two shot" process, nec­
essary because localized hardening at 
six different points around each oil hole 
in the shaft is desired. Units are 
dropped into holes where they are held 
in position by a cam supporting the 
end. High-frequency current from a 
Westinghouse 240-kva, 3000-cycle gen­
erator is applied at three sections which 
are heated to about 1500 degrees, Fah­
renheit, and quenched. The cam then 
releases the shaft causing it to drop two 
inches, and the process is repeated.  
Hardening of the entire shaft is not 
desirable as it would become brittle and 
susceptible to breakage. 

Shafts are hardened six at a time in 
an upright hardening furnace in which 
the heating and quenching cycle is 4� 
seconds.  No oxidation of the surface re­
sults, and there is no grain growth of 
the unhardened metal sections. Al­
though there is some distortion of the 
hardened shaft, further machining ex­
cept for finish grinding and lapping is 
unnecessary. 

STRAI N GAG E 

Prevents Breakdown of 

I ndustrial  M achinery 

I N some types of machines, . such as 
punch presses, shears, and press brakes, 
the strain during a cycle of operation 
occurs for a very short period of time 
-rising abruptly to the maximum and 
then falling sharply to zero. It is this 
kind of machine for which a new elec­
tro-magnetic gage has been developed . 

It is now more serious to have a ma­
chine out of commission than ever be­
fore. The loss in production is doubly 
great because a longer-than-normal idle 
period is probable. Men, materials, and 
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JIMMY ELLISON, prominent 
screen star, uses GLOVER'S. 

Men, take a ti'p from the stars - if 
you've been uSing scented hair prep­
arations without success, switch to 
the MEDICINAL treatment used 
by millions ! Try GLOVER ' S, with 
massage, for Dandruff, Itchr Scalp 
and excessive Falling Hair . You'll 
actually feel the exhilarating effect instantly! 

Regular size bottles at Drug 
S t o r e s  e v e r y w h e r e .  S e n d  for 
c o m p l e t e  � i f t  a p p l i c a t i o n  of 
GLOVER 'S MANGE MEDICINE 
and the New GLO-VER Beauty 
Soap SHAMPOO, in hermeti-

cally sealed ,' bottles. 
by C O U P O N  only! 
Useful booklet , . Sci­
entific Care of Scalp 
and Hair, included 
FREE ! 

GLOVER' S, 460 Fourth Ave . ,  Dept. 974, New York 
Send GIFTsamples, Glover's Mange Medicine and new 
Shampoo. I enclose IO¢ to cover packaging and postage. 

Nam�e ______________________________ __ 
Address _______ -:-==-======== 
•••.............. _ . . . ................• 

E. W. PIKE & CO. 

P O O R  
E Y E S I G  H T ?  

Try the New 
PIKE Electric 

Reader 

A boon for elderly 
people and others with 
poor eyesight. Wonder­
ful for doctors, sci en· 
tists and draftsmen. 
Write for free information 
and details of this new in­
vention that makes reading 
matter 3 times larger. 

Elizabeth. N. l 

Experimental and Model Work 
Fin. Instruments and Fine Machineno 

Inventions Developed 
Special Toois. DI •• , G.ar Cuttln,. Etc. 

HENRY ZUHR, Ina., 1 87 Lafayette St., N. Y. C. 

McMORROW & BERMAN 
Reg i stered Patent Attorneys, 1 75.T B a r r i ster B l d g .Was h . , D.C. 

Well-known Eastern m a nufa ctu ring cor­
poratio n will i nvestigate meritorious in­
ventions for possi b le  post-war produc­
tion .  

REPLY TO B O X  400 
SCIENTI FIC AMERICAN 

24 W. 40th St. New York City 
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FO R A N EW TH RILL 
Card and Photo 

S T E R E O ­
M I R R O R  

Single pictures and prints ap­
pear in three dimensions when 
seen with our scientific device. 
Thousands are delighted with it. 
Order one today. Price $4.50 

NU-MI RROR COMPANY 
BRIDG EPORT, CO N N .  

COMPLETE HOME­
STUDY C O U R S E S  
and educational book., 
81l1rhtl:v used. Sold, 
rented. exchanlred. All 
subjects. Mone,.-bacll 

,�r:.��ee.o;':�. ��11' 
details and Illustrated '2-pa,. bar,aln catalo, PRD. 
Write today I 
NELSON CO.,  500 Sherman, Dept. R-243, Cbicago 

YO U CAN 
IIII!�CflTCH MORE FISH 

Creek Chub's n e w  1 9 4 2  catalog i s  a 
practical, fascinating, reliable guide 
to better fishing ! Shows lures and 
flies in natural colo rs ! Sent FREE 
upon request ! Write today ! 

CREEK C H U B  BAIT CO. 
534 So. Randolph  St.  Garrett. I n d .  

The DECIMALIZER shows i n  a f e w  simple manip­
ulations just where to place the decimal point in the 
result of any computation involving several elements, 
part or all of which may be decimals-for example. 
in such a :problem as (9 x . 0432 x 74. 1 x 3. 8 )  ..;- ( 245 
x . 0093 x 3 6 ) .  The DECIMALIZER removes that 
"decimal point hazard" inherent in computations 
made with the slide rule or otherwise. 

Pocket size ; durable (constructed of aluminum and 
stainless steel ) ; exceedingly smooth in action. Fur­
nished in leather case. with complete directions for 
using. Price $2. :postpaid. with extra. easily inter­
changeable scale which enables the instrument to 
Derform extended multiplication and division 50 cents 
additional. Money back. if returned within 10 days. 

GEORGE H. MORSE 

927-28th Street South Arlington, Va. 
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machines that are sorely needed in 
building new machines must be diverted 
from their production roles to replace 
a broken part. 

The gage need not be applied directly 
to the vital part of the machine under 
strain but it can be applied to any part 
of the machine whose stress represents 
the equivalent stress on the vital part. 
The gage, comprising a rod, lever arm, 
and head, looks like a side view of an 
automobile jack. The handle is the gage 
rod, the jack is the lever arm, and the 
base is the gage head. 

The rod is fastened at either end to 
the machine in the direction of the 
strain. The lever arm, attached at its 
outer end to the machine, is at right 
angles to the rod . The gage head is 
mounted on a plate that also is at­
tached to the machine at a point on a 
line with the lever arm. The gage head 
consists of an armature operating within 
two coils . 

Before the job is started, the position 
of the armature within the coils is ad­
justed so that a zero reading is regis­
tered on a connected instrument . When 
the machine is put into operation and 
strain exerted, the rod pulls down on 
the lever arm . The arm in turn pulls 
down on a pin in the armature and 
moves the armature to a new position 
within the coils . This affects the elec­
tromagnetic relationship between the 
armature and coils in accordance with 
the amount of strain exerted . The in­
strument, previously calibrated against 
known strain loads, then indicates to 
the machine operator the extent of the 
unknown strain. 

RELAY 

Uses Current Only 

When Operating 

P OSI'l'IVE operation and low current 
consumption are features of a new 
start-stop relay which has been re­
cently designed for remote-control 
starting and stopping of radio trans­
mitters, drainage pumps, and other 
appliances. This new relay, announced 
by Automatic Electric Company, oper­
ates and releases over two · wires, with 

Economical of operating current 

a common return . A typical method of 
operation is by the use of a two-way 
key, which is thrown into one posi­
tion to close the relay and into the 
other position to release the contacts . 
The operating circuit of the relay 
opens immediately after the contacts 
open or close; thus operating current 
is consumed for only about 1/1 0th of 
a second. 

This new relay, available with any 
number of contacts up to 18 ,  has been 
tested under operating conditions over 
a temperature range of from - 22 to 
+ 1 3 1  degrees, Fahrenheit .  

CART 

For Easy Transportation 

Of Welding Tanks 

HANDLING of welding tanks IS facili­
tated by the use of a new narrow­
width cart recently designed by Gar-

Through a narrow door 

linghouse Brothers . This cart, shown 
in one of our illustrations, has a total 
width of only 24 inches yet carries the 
two tanks required for oxy-acetylene 
welding. These tanks, instead of being 
placed side by side, are set one behind 
the other, making possible the narrow 
width which is so desirable for use in 
crowded shops or narrow aisles . 

Either tank may be moved inde­
pendently of the other, as the acety­
lene cylinder is inserted at the front 
while the oxygen tank rests on its own 
platform in the rear of the cart . A tool 
box and two rod holders, for long and 
short rods, are attached to each cart 
in convenient positions. 

The chassis is mounted on large 
pneumatic tired wheels so that the cart 
may be wheeled over rough, uneven 
ground or littered floors. 
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The Th u nderbo l t  

Although Com plete Specif ications for New I nterceptor 

Can not be Told,  I t  Prom ises to be Most Effective 

A L E X A N D E R  K L E M I N  
Avi a ti o n  Editor. Scientific Ameri can. 
Research Professor, D a ni el Gugg enh ei m 
Sch ool  01 Aero na uti cs, New York U ni versi ty 

CONGRESSIONAL reports would have 
it that our pursuits are not equal 

to the pursuits of other nations and 
that our P-40 is well behind the times 
and only suitable for advanced train­
ing, The Congressmen who voiced this 
opinion did not know that the P-40 
was followed by the P-40 A, B, C, and 
so on, which may be reckoned 
among the world's fastest and most 
effective fighters. Perhaps, also, the 
Congressmen in question had never 
heard of Republic Aviation's Thunder­
bolt, known technically as Republic 
XP-47B. This remarkable interceptor 
plane is perhaps the very first single 
seater to be powered with a 2000 
horsepower engine. While specifications 
remain secret, there is reason to believe 
that the Thunderbolt is the most effec­
tive interceptor produced anywhere in 
the world. Tests of the ship, which is 
shown in our photograph, were re­
markably successful. The Thunderbolt 
is an interceptor which has the strong 
fire power needed to attack enemy 
bombers and fighters. Readers will 
note that to absorb the enormous 
amount of power developed, a four­
bladed airscrew of large diameter has 
to be employed. On the under side of 
the wing a hole is shown, uncovered. 
Into this the landing gear retracts, 
with the surface automatically smooth 
after retraction. The picture shows a 

very wide tread of the landing gear in 
relation to the span of the wing. Any 
pilot who has to come down at the 
speed of a heavily loaded airplane of 
this type will understand fully why. 

It is an open secret that the Thun­
derbolt will be built in large numbers 
and it is certain to give a good account 
of itself. Another remarkable thing 
about this new ship is that it was in 
the air exactly eight months after the 
order to begin work had been received 
from the Army Air Corps, an indica­
tion of sound knowledge on the part 
of the engineers. 

PLYWOO D  

Util ized CI S  Float, 

Conserves Aluminum 

IN these days, when every pound of  
aluminum is  precious, i t  i s  only logical 
that resort should be had to plywood, 
particularly in the aircraft industry for 
civil use. It is not surprising, there­
fore, that the Heath Company has 
produced a laminated plywood float 
with plastic bonding or glueing. In 
earlier days, when glue was of animal 
or vegetable origin, it was never quite 
bacteria-proof and never quite water­
proof. Floats built then had the un­
fortunate habit of peeling off. 

In the floats shown in our photo­
graph, Honduras mahogany veneer is 
used for the skin, fastened together 
with perfectly waterproof and resistant 
cold resin glue. Another advantage of 

When 2000·horsepowered Thunderbolts are hurled at the enemy . . . 
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A whole toolshop in 
your hand. Does pre­

cision work on metals, 
alloys, p l a s  t i c  s, 
wood, horn, bone, 
glass, etc. For your 
own hobby enj oyment 
or as a ·  gift. 

Uses 300 easy-to­
change a c cessories to 
grind, drill,  polish, cut, 
rout. carve, saw, sand, 
sharpen, engrave. 25,000 
r.p.m. Wt. 1 2  oz, 
W ith 7 Accessories, _ p ostp aid $ 1 8 . 50 .  
Order on 1 0 Days' Money-Back Trial .  

C H ICAGO WHEEL & M F G .  C O .  � 
1 1 0 1  W. M o n roe St. Ch icago, I I I .  ��-t��ge 

Dept. SA 
09 

M A G N E TS 

New York 
--------------

A R MY- N AVY BARGAI N S  
H aversacks . .  " " "  . .  $ .75 Cart, belt " " " " "  . .  $ ,60 
H o b bles . . . . .  " . " . . .  .50 Rope lariat . . . . . . .  " .  ,75 
H e l m et eagle . . . . . . . . .  .35 Sword bayonet . . . . . . .  1 . 75 
E urop cutlass . . . . . . . . .  2.50 Model  can non 7" . . . . .  1 .75 
75th Anniversa ry Cata log 1 865- 1 940, 308 pages,  
over 2 , 000 i l l u strations of pistols,  r if les,  d a g g ers,  
medals ,  saddles,  etc" mailed for 50 cents.  1 942 
circular  for 3c sta m p ,  
F R A N C I S  B A N N E R M A N  SO N S, 5 0 1  Broadway, N ew York 

I N D U S T RY N E E D S  
LATH E  O PERATORS 

Defense I n dustries 
need more tra i ned 
l a t h e  o p e ra t o rs ! 
This book ful ly ex­
p la ins the opera·  
t ion of meta l  work· 
i n g  l a thes.  U s e d  
b y  lathe operators, 
a p p re n t i c e s  a n d  
stu dents. Send the 
c o u p o n  for yo u r  
copy today. 

1 2 8  PAG E S  2 C 3 6 0  I L L U STRATI O N S  
rSO;;-T�-B-;;D-�;H;-';O-;;;S - - - -, I 504 E. Madison St. , South Bend, Indiana. , 
I Enclosed f ind 25c in stamps for which please I 
I m a i l  me one copy of " How to R u n  a Lath e . "  I 
I I 
I �- I 
I Add ress__ J 
I I C i� _ _ _ _ _ _ _ _ _ �t:::. _ _ _ _  :.J 
S O U T H  B E N D  L A T H E S  
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JHE WORLD'S MOST HONORED WATCH 

Charm is expected in a Longines1adies' 
·watch. Unexpected is the unusual ac­
curacy and sturdy dependability of 
:this tiny mechanism. Ten world's fair 
grand prizes and 28 gold medals are 
Longine!s' awards for elegance and ex­
cellence. Longines-Wittnauer jewel­
ers show Longines Watches for every 
timekeeping need,' also Wittnauer 
Watches, a companion line moder­
ately priced from $29.75-producf of 
Longines-WittnauerWatchCompany, 
Inc.,  New York, Montreal, Geneva. 
Prices include Federal Tax 

206 

---------A V I A T I O N ---------

the use of plywood in floats is that the 
top skin of the float is one piece of 
plywood 15 feet long, bonded to the 
float structure in a large hydraulic jig 
that applies pressure evenly to the 
whole surface. The float is left in this 
jig for four hours. No nails are used 
so that the outside surface is perfectly 
smooth. 

Another innovation lies in the trans­
parent inspection covers which enable 
the operator to check with a flashlight 

For inexpensive conversion 

for water in the floats. Water rudders 
are placed at the end of the floats and 
actuated in conjunction with the ordi­
nary rudder located at the tail end of 
the fuselage. 

These floats, which weigh only 6 9  
pounds apiece, have been approved for 
seaplanes not exceeding 1 ,560 pounds 
in weight. It is an attractive idea to 
have a low-powered airplane which can 
be used either as a land plane or, with 
these cheap and efficient floats, as a 
seaplane. Perhaps the only criticism 
we might make is that the landing gear 
may have too many exposed resistance 
parts in struts and bracing wires.-A . K. 

CIVIL  AIR PATRO L 

Offers Possibilities of 
Varied Services 

T HE Office of Civilian Defense has 
had the good fortune to secure as A vi­
ation Aide to the Director, Major Reed 
G. Landis, famous American pilot of 
the first Great War. 

The first and most important task 
of the aviation aide lies in the organi­
zation of the Civil Air Patrol which is 
prepared to enroll all persons qualified 
as flyers, owning their own planes and 
wishing to give service to the nation. 
It is easy to enroll. There is no specific 
examination and a man who is a pilot 
but has no airplane may act as co-pilot 
for a pilot-owner. Special training will 
be given to the enrollees in military and 
naval air tactics , naviga:tion, air raid 
warning service, and similar tasks. 

Perhaps the most important ques­
tion to be asked by people wishing to 
enroll would be : "What are the serv­
ices that the Civil Air Patrol could 
render in national defense ? "  These are 
enormous and important. To begin 
with, they might guard all airports, 
and the guarding of airports has been 
proved to be vitally important by the 
events in Hawaii and the Philippines; 
and there are two thousand airports 
to be guarded in the United States . 
Courier service may be of great im­
portance to the Army. No matter how 
many military pilots and planes we 
may have, observation patrol of back 
country areas is likely to be desirable. 
C .A.P. pilots may be required to tow 
aerial gunnery targets, thereby releas­
ing military equipment for more im­
portant duty. C .A.P. personnel, famil­
iar with all types of aircraft, can assist 
the air raid watchers. Highway traffic 
control from the air may, at times, be 
of value .  When a military aircraft is 
forced down, the new organization may 
help to find them. 

Obviously, not all of the possibilities 
of C .A.P. are yet understood, but the 
Army is backing the new organization 
to the fullest extent.-A . K. 

ICE 

Combatting a Scourge 

of the U pper Air 

ICE is prevented from forming on the 
windshields of airliners operated by 
United Air Lines by a system which 
has been 18 months under development 
and has proved completely satisfactory. 

The windshield used in this system 
consists of a front pane of quarter-inch 
safety plate glass and a rear pane of 
eighth-inch transparent plastic, with a 
quarter-inch air space separating the 
two. Air, heated to 175 degrees, passes 
through a duct from the plane's cabin 
heating system, on through the air 
space of the windshield, and then 
through an exhaust duct to the outside 
of the plane. The air, controllable by 
the captain through the operation of a 
valve at his elbow, moves at the rate 
of 60 cubic feet per minute. In install­
ing the double windshield, 10 by 35 
inches, on the captain's side of the 
cockpit it has become possible to elimi­
nate the small vertical post which has 
been standard between the large fixed 
panel and small sliding panel of the 
DC-3 windshield, thereby providing the 
Captain with unobstructed vision. It 
is noteworthy that J.  A. Herlihy, Ex­
ecutive Vice-President of United, tried 
fluids, windshield wipers, and the ap­
plication of heat to the inside of the 
windshield before deciding on the sys­
tem now being installed . 
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Conducted by JACOB D ESC H I N ,  A.R. P.S. 

The Camera Enlists 

FREQUENT requests have come to us 
recently asking how photography ama­

teurs can do their bit in the defense 
effort. Individual instances will vary but, 
as we see it, the opportunities are two­
fold : educational and publicity. Defense 
workers in various branches of activity 
must be taught how to perform their 
duties most efficiently, and publicity con­
cerning these activities must be spread, 
in order to inspire non-workers to enlist 
part of their leisure time in some phase 
of defense work. 

Publicity pictures, therefore, should 
demonstrate the many ways in which 
lay persons may help in one or another 
of the many branches of defense work. 
Also, they have the equally important 
benefit of advising the general public as 
to how public and defense workers must 
co-operate when the time comes-air 
raids, fires, and so on. 

It is in the educational field, however, 
that the greatest opportunity lies. Vol­
unteer services form the bulk of many 
defense activities. This means lack of  
experience or skill and, in frequent in­
stances, even lack of knowledge. Volun­
teer teachers instruct the tyros, but this 
is slow work at best. A picture tells a 
thousand words, and even the best of 
teachers can do his or her j ob better if 
pictures or slides are used to supplement 
the lesson. In fact, a good set of pictures 
illustrating a task, step by step, in clear, 
sharp images placed where they receive 
good illumination, often can substitute 
for a teacher entirely, which means fewer 
teachers, more workers, and a wider dis­
persion of knowledge among many scat­
tered groups. Paucity of teachers would 
have no meaning because you would not 
need them ; all you would have to do is 
strike off duplicate sets of. prints. 

The power of the pictured lesson is 
well realized by the United States Office 
of Education, which is now in the 

Learning by seeing 

process of directing the production of 50 
reels of sound films covering various 
phases of machine-shop work. These are 
being reproduced in 16mm size and dis­
tributed, for the most part, to vocational 
schools and in industries where machine­
shop training is being given. 

By the nature of the assignment, edu­
cational pictures made with the still 
camera must show the details of the task 
as clearly as possible. This means close 
viewpoints, sharp focus, small diaphragm 
openings, and generous illumination with 
full exposure. From such negatives en­
largements must be made that have good 
contrast throughout with adequate 
shadow detail. The size of the enlarge­
ments will vary in accordance with the 

The m ovie camera teaches 

requirements ; for small groups perhaps 
11 by 14 inches will do, for larger groups 
16 by l!Q-inch prints may be needed. 
The slide would do the trick best of all, 
but the disadvantage here is that you 
must have a proj ector and a screen, 
whereas ordinary prints may be simply 
set on an easel and adequately lighted. 

The slide and the motion-picture film 
can tell a story more efficiently than the 
still picture, it is true, but there is this 
point also to consider : proj ection im­
plies a darkened room which means that 
during the showing, the student can only 
watch and take mental notes. In the case 
of prints, however, a series of prints may 
be lined up on a wall to illustrate a prac­
tical sequence in some craft, and the 
student may actually build, or sew, or 
whatever, in accordance with the in­
structions indicated in the prints. 

However, various crafts call for dif­
ferent approaches, and whereas in one 
case the print sequence would do the 
trick ; in another, more complicated in­
stance-as in the case of a machine-shop 
operation-the movie would be the more 
practical method of teaching. 

When Condensers 

Are Scratched 

THE plano side of a double condenser 
system is always subj ect to abra­

sions, particularly if it is of the type 
too large to be fixed in place. In one 
instance, such a condenser was inj ured 
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THE WILLO 

. ALL-PURPOSE 
TRIPOD 

HAS 

3 
OUTSTAN D I N G  

FEATU RES! 

I -New patented 
legs twist to 

shorten or  l engthen.  

2-Needle  t ips reversi b le to ru bber  t ips 
for indoor use.  

3-Slid i n g  center tu be for quick  height  
adjustments. 

• Exce l lent desig n fol lowed out by a 
perfect choice of materials in its ma nu­
fa cture to give long-term use. 

• Legs are easily spread or closed. 

• To p is easily remova ble.  

• The Sta nd is fi nished $1 6·50 smartly in  g ray. 

MAl L ORDERS F I  LLED 

World's Larg est Camera Store 
Bui lt on  Sq u a re Dea l ings  

32nd St. near 6th Ave., N.  Y. 

SIMPLE� PRACTICAL HELP 
o n  al l  p h o t o p r o b l e m s !  

These books offer you the 
simplest way to gel:. the 
practical help you need in 
solving y o u  r photo prob­
lems. The text of each is 
clear. concise and highly 
informative • • . su:pple­
mented by many illustra­
tions. drawings. diagrams. 
tables. etc. The 6 books 
briefly described here. plus 
many others on 8. I m 0 s t 
every photographic subject. 
are completely reviewed in 
the pamphlet "Books By 
Brooks. " Write for your 
COPY. or order the books you 
need through your vhoto 
dealer. 

L I G H T I N G  F O R  P H O TO G R A P H Y  - by Walter N urn.  
berg. Shows where to vut t h e  lamps f o r  taking all types 
of vhotos. Analyzes lighting styles of master pootOg­
raphers. 137 photos, 156 diagrams, 176 pages . • . .  $3.50 
P H OTOT I PS O N  C H I L D R E N  - by M ary an d  R udolf 
Arn h e i m .  A "must" book for better child photos. 83 
illustrations. 58 diagrams and sketches. 112 pages . $2 .25 
E N LA R G I N G  - by C. I.  J acobso n ,  Ph. D . •  a n d  P. C. 
Smeth urst. Covers every phase of this interesting subject 
from selecting vapers to retouching. Has 85 photos. 46 
diagrams, 200 pages . . . • . . • . . . . . . . . . . . . . . . . . . . . .  $2.25 
D EV E L O P I N G  - by C. I .  Jacobso n ,  Ph . D .  The most 
complete and helpful book on this subject. 280 pages 
with diagrams. tables. etc . . . . . . . . . . . . . . . . . . . . . .  $3. 1 5  
M A K I N G  C O L O R  P R I N T S  - by J ack H .  Coote. Practi· 
cal for beginners ; covers all color processes. 128 pages, 
well illustrated . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  $1 .50 
A M AT E U R P H OT O G R A P H E R'S H A N D B O O K  - by A. 
Frederick Col l i ns. The complete book that covers E!very 
phase of photogravhy. Crammed full of vital fa.cts. for­
mulas. tables, ideas. hints and short-cuts. 402 pages, 
245 photos, etc . • . . • . . • • • • • • • . • • • • • • • • • • • • • • • . . . .  $2.50 
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LIGHTI N G  for PHOTOGRAPHY 
By Walter Nurnberg 

A truly A-to-Z guid'e to the all-important 
subject of what lighting means in photog­
raphy, its technical aspects and its applica­
tion in specific instances, by a noted prac­
ticing photographer. Many drawings, dia­
grams, and actual photographic reproductions 
illustrating the various points covered, add 
immensely to the book's  clarity and to its 
value to all photographers, whether serious­
minded amateur or professional. (7 by 10 
inches, 172 pages. ) -$3.60 postpaid. 

For Sale by 

SCIENTIFIC AMERICAN 
24 West 40th SI.. New York. N. Y. 

" . T rade Ln 
YOUR OLD EQUIPMENT 

FOR NEW 
With defense production cutting into 
photographic supplies. the demand for 
old equipment has greatly increased. 
Fotoshop is ready to pay you top 
prices in cash or as trade-in allow­
ance for your present photographic 
equipment whether it be camera, lens. 
movie. or darkroom accessory. Let us 
know what you have, or better yet. 
send it to us for a quotation and if 
our appraisal is not satisfactory. we 
will return it · to you prepaid insured. 

for the Yours ASKIN G  
A 4- color 72-page 
Fall & Winter BUl­
letin, chockful of 
thousands of photo­
graphic bargains, is 
FREE to you upon 
feq uest. Between the 
covers is listed every 
possible item from a 
Leica to a fllm clip 
including cine equip­
ment, enlargers, tri­
pods, color supplies 
and film. Send COli­
pon below for your 

onthly OOIlY TODAY. 

M 
CAMERA SPECIALS 

• The now famous B & J 4x5 P R ESS 
C A M  E R A. including Revolving Back and many 
other outstanding features with a slightly used 
51,4." Anastigmat ])'4. 5 lens in Compur shutter, 
is s:pecially :priced at 576. 60. 

• The B & J 2 Y4X3Y4 P R ESS CA M E R A with 
all the :precision features of the big camera plus 
the economy 'Of small negative size. with a 
slightly used 4 1,4. "  Anastigmat F4. 5 lens in 
Compur shutter, is now priced at $64. 60. 

For complete Information on other 
cameras from $5.00 up and any 
other photographic equipment, send 
coupon below for FREE Bulletin. 

t No More I t Cos S TO BUY ON TIME 
I . No interest or carrying charges on new 

merchandise at manufacturer's full list. 
2. All used equipment also available on easy 

payments. 

Send coupon for complete details. 

FOTOS H O P, I N C. ,  Dept. SA 
1 8  E .  42 nd  St . . New York C ity 

o Please rush FREE copy of IN)TOSHOP' S FALL 
& WINTER BULLETIN. 

o Attached is my order for special buys. 

o I would like to buy . . . . . . . . . . . . . . . . . . . • . . . . . •  
o I would like to trade . . . . . . 

NAME . .  

ADDRESS 
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--------C A M  E R A  A N G L E S--------
when it was heing replaced with a 
smaller condenser unit for small negative 
work. This scratch showed up beauti­
fully on every print proj ected with that 
particular condenser unit in place. This 
was obviously to be expected since the 
scratch was on the plano side of the con­
denser lens closest to the enlarger lens, 
therefore proj ecting on the easel almost 
as sharply as the negative itself. The 
remedy was to reverSe the two con­
denser lenses in the condenser case, plac­
ing the good one on the bottom and the 
scratched one on top. The scratch was 
so diffused that it made no impression on 
the print. 

Candid's Sti l l  With Us  
" you can't take a picture i n  this light", 

said our table companion, to which 
we replied : "That's what you think," 
and went ahead and did it. The result 
is reproduced, an honest-to-goodness can­
did shot of a lad in a listening mood. 

"The Problem" 

The illumination was from a 100-watt 
bulb in the ceiling, reflection from the 
white tablecloth helping to fill in the 
shadow areas. Made with an Automatic 
Rolleiflex on Plus X film, the exposure 
was f /3.5 at 1/10 of a second. 

Retouching Easel 

A 14 by 1 7-inch unfinished wood picture 
frame found in an art store gave 

Mrs. Flora K. Howes, of New York City, 
an idea for a retouching stand. She bought 
the frame and had the frame maker 
huild her another frame 14 inches square. 
The two were then hinged together, the 
square frame, serving as the bed of the 
easel, having a white card set in it for 
reflecting the light to the glass in the 
easel. A strut attached to each side of 
the bed held the easel upright at the 
desired angle. The easel was fitted with 
a 14 by 17 sheet of ground glass. When 
not in use the device easily folds up and 
occupies little storage space. 

Easy Road to 
Composition 

C
OMPOSITION is the bugaboo of most 

photography amateurs, although its 
basic principles are simple enough. In a 
recent one-man show in New York City, 
W. M. Westervelt, a teacher of pho-

tographic design and a member of the 
art staff of an advertising agency, dem­
onstrated by a group of abstract studies 
that composition is simply a matter of 
working within a definite area to achieve 
"a comfortable picture." 

"When I want to figure out how to get 
an interesting shot of some small ob­
j ect," he explained, "I set it down on a 
table, put one spotlight on it, and then I 
walk all around it, looking at it through 
a rectangle g! hy 3! inches in an 8 by 
lO-inch piece of cardboard. I never look 
at my subject matter except through this 
cardboard viewer. You can't compose 
j ust in general ; you have to compose 
within a definite area." 

Print Reducer 

F
OR toning down local areas in prints 
with distracting highlights and other 

spotty areas, the following formula has 
been successfully employed : 

Solution A :  
Sublimated iodine . . . . . . . . .  gO ozs. 
Alcohol . . . . . . . . . . . . . . . . . .  10 ozs. 

Solution B :  
Thiocarbamide . . . . . . . . . . .  oz. 
Water . . . . . . . . . . . . . . . . . . .  10 ozs. 

For rapid action use five drops each of 
Solutions A and B. Slower action is rec­
ommended, however. This calls for the 
use of five drops of A to 10 drops of B.  
The solution is applied with a bit  of cot­
ton on the end of a toothpick. As soon 
as applied to a particular spot, the area 
is immediately swabbed with a wad of 
cotton dipped in alcohol. The routine is 
repeated as often as necessary to achieve 
the desired tone. 

Helps to Perspective 

A 
PICTURE in the distance, but only 
space in the foreground : How to 

shoot that distant picture without being 
handicapped by empty foreground?  That 
was the problem facing LeRoy Roselieve, 
New York ski enthusiast, who invariably 
totes an Ektra with him wherever he 
goes, shooting Plus X. The long shadows 

" U p  Again" 
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----------------C A M E R A  A N G L E S----------------
in "Up Again" saved the day by dark­
ening the foreground mass, which served 
also the auxiliary purpose of continuing 
the "frame" provided by the trees. The 
result gives an excellent idea of distance, 
which would have been killed by a white 
foreground. 

In "Haven," meaning is lent the ski 
paraphernalia leaning against the wall by 
the distant figures and ski slopes. Here 

"Haven" 

the interest lies chiefly in the foreground, 
but without the distant scene the subj ect­
matter would lack completion. Situa­
tions like these provide opportunities for 
introducing some of the tricks and meth­
ods by which photographers attempt to 
give their pictures the three-dimensional 
values they always strive for. 

New Infra-red M aterial 

AN accidental observation by Dan 
Grossi, of the Wabash Photolamp 

Corporation, resulted in making avail­
able an infra-red emulsion which, when 
used with blackout flash illumination, is 
said to have a speed much greater than 
that of regular infra-red film. The film 
(made by Eastman ) had previously been 
used exclusively for aerial infra-red 
photography. A piece of the film was 
cut up into 4 by 5 sheets for use ex­
perimentally. The results were so phe­
nomenal that efforts were made to have 
Eastman furnish a regular supply. So 
now we have Infra Red Safety Film, 
Aero Type II, at present in size 4 by 
5 inches only. At this writing, the emul­
sion is coated on thin Aero baSe, but 
Eastman plans shortly to use a heavier 
base similar to that used for other cut 
film. 

Estimates of the speed range from 
three to 10 times the regular infra-red 
speed. We have not attempted to test 
the speed as yet, but results we have 
seen indicate that a negative of good 
density can be made outdoors at night 
with stop f IS at a distance of 15 feet, 
shutter at 1/�5 of a second. 

Because the film is rather perishable, 
said to be good for only 60 days, the 

manufacturers recommend it be kept 
in the icebox when not being used. Due 
to this factor, also, film is ordered by the 
dealer for each customer. The film is 
sent by Eastman directly to this cus­
tomer ; the dealer bills the customer. 
This assures that the USer will get the 
film without any delay. 

Readers who desire further informa­
tion on the subj ect of blackout flash 
work in general are referred ' to this de­
partment in the October, November, and 
December issues. Here they will find de­
tails on bulbs, exposure time, and so on. 

• • • 

What's N ew 

In Photogra phic Equipment 

ALBERT PRESIDENT TRIPOD ($:35 ) : Built-in 
swing camera platform permits ver­

tical angle or horizontal shots with turn 
of knob. Adj ustable camera screw fits all 
cameras. Leg tips reversible from points 
to rubber. Mafle of three-section tubular 
steel. Complete with tilt-head, weighs 
five pounds. Leg-lock adj ustable from 
9S to 69 inches. 

"FI.ICKER FROLICS" : New series of home 
movies produced by Official Films. 

First subject "The Race for Life," de­
scribed as an old-time slapstick melo­
drama, with Mabel Normand, Mack 
Sennett, Ford Sterling, the Keystone 
Cops, and Barney Oldfield. 

DA-SCOPE KODACHROME VIEWER ($1 .95 ) : 
Folding slide viewer with translucent 

white plastic top, on which slide is 
mounted when viewer is open, permitting 
diffused illumination. Viewing lens mag­
nifies image. Device measures 9! by 9l 

by S inches. 

"BRITAIN'S COMMANDOS IN ACTION !" : 
Castle film record .()f raids by Brit­

ain's suicide squads on two Nazi-held 
Norwegian islands, available for users of  
Smm and 1 6mm proj ectors in  five sizes 
and lengths. 

AGFA FINEX FINE GRAIN DEVELOPER 
(now available in quart size at $1.75 ) : 

Through recommended laboratory re­
plenishing system, quart permits · total of 
60 rolls of 36-exposure miniature (35mm) 
film or 60 rolls B� or 1 90 rolls, or equiva­
lent, to be developed. Finex Replenisher 
sold separately at 75 cents an S-ounce 
bottle. 

HOLLYWOOD TITLER ($9.75 ) : Title cards 
may be photographed at 4, 6, S and 19 

inch distance. For Smm and 1 6mm cam­
era users. Permits making zoom and 
superimposed titles ; accurate alignment 
with custom-made camera base for vour 
particular camera. All parts adjustable 
on base, permitting use for table top, 
copy work and extreme close-ups. Com­
plete with two auxiliary lenses, celluloid 
target, instructions and titling data. Pro­
fessional attachment ($5.50 ) makes pos­
sible turnover, turnabout, turnaround, 
flop up and down, revolving, and other 
titling tricks. 
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FINE AMERICA N  M A D E  CAMERAS 
BOOKS B OOKS 

lor 

Amateur Photographers 
KODAK REFERENCE BOOK. Latest 
findings of the Kodak Laboratories 
on many phases of photography. 
Especially designed to help readers 
in the selection of photo graphic rna· 
terials and to teach sound photo· 
graphic methods. $2.85. 

NEW WAYS IN PHOTOGRAPHY, by 
Jacob Deschin. Eminently practical 
from every point of view, this new 
book contains nothing of theory and 
nothing that the advanced amateur 
photographer will not find valuable 
in one way or another. It covers . the 
whole range of amateur photography, 
discussing such things as trick pho­
tography, photomurals, retouching, 
infra·red, and a number of other sub­
divisions that will not be found else­
where in as clear and concise a man­
ner. $2.85. 

PRICE : QUOTED INCLUDE POSTAGE 

We can Supply Any Photographic 
Book in Print 

SCIENTIFIC AMERICAN 
24 West 40th Street New York City 3 5 mm. RO LLS DEVEL O P E D  

AND 36 PRINTS 3 w x 4w 90t#> 
36 exPOsure rol l s: Argus, Leica, Y 
etc� (except "Mercury") fine 
grain developed (Eastman DK-
20) and beau tifu l l y  enlarged to 3"x4". gOe. Cartridge re l oaded w i th Eastman 
P l u s  X, 3Sc. 18 exposure rol ls, SSe; 

reload 20c. F i l m s  permanently protected by revolu_ 
tionary C RYOLITE Process. Fast service .  Sati sfacti pn: guaranteed. Free _ m a i l i!1.9 _ �g. S<!rnpl e� p'ri n t. Photo 
Contest! Val uable prizes. Wrife: -

TECH N I F I N I S H  LABORATORY Dept. 618, 641-645 Brown St., Rochester, N. Y. 

Here are S01ne "hard to get" bar­
gains in our sale of 

V S E D  C A M E R A S  
• Weltini, C.R.F., Xenar F : 2.8 Iens, 

Rapid Com pur shutter . . . . . . . . $82.50 
• Zeiss Ikon, Super A.cor.f. Tessar 

F : 3.5 lens, Compur shutter and 
case . . . . . . . . . . . . . . . . . . . . . . . .  $87.50 

• 9x12 Erneman Reflex, Ernotar 
F : 4.5 lens . . . . . . . . . . . . . . . . . . . $47.50 

• 6x6 like new standard Rollei­
flex, Tessar F :3.5 lens and 
case • • • • • • • • • • • • • • . . . . . . . . .  $130.00 

Write Dept AD 
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P O LAR O I D§ 
I deal L I G H T  polariz i n g  material 

for all experi mental pur.Qoses 

2 vieces. 2x2" 
Spe-·Ia' $ 1  Post. 

with full instruc� '-' paid 
tions 

HARRY ROSS Scientific & Laboratory Ap paratus 
68.70 W. B R O A D WAY. N.Y.C.  

For Scientific and Technical Books 
Try our BOOK DEPARTMENT 

SCIENTIFIC AMERICAN 

Esta blished 1 853 

Corn Exchange 
Bank 

Trust Company 
1 3  WILLIAM STREET 

and 

74 Branches located in 

Greater New York 

Member of the Federal Deposit I nsurance 
Corporation 

The Binary Slide Rule 
equals a 20 inch straight 
slide rule in precision. Has 
C. CI. A. K. Log. LL1. 
LL2. LL3. L4. Binary . 
.Add and Subtract Scales. 
Gives Trig. functions to 
1 minute from 0 to 90 
degrees. The engine -di. 
vided scales are on white 
enameled aluminum. Per­
manently accurate. Dia. 814.". Large figures and 
graduations eliminate eye­
strain. Exceptional value 

and utility� Price with instructions $5.00. cash or 
C.O.D. Circular free. Your money back if you 
are not entirely satisfied. 

Gilson Slide Rule Co., Stuart, Fla. 
Slide Rule Makers since 1 9 1 5  

WHICH CONTROLS YOU ? 
Science says that the chemical elements com� 

posing a man's body may be bought for sixty 
cents at a pharmacy shop. But the real part of  
you is the infinite, creative power within-it 
makes YOU a living, vital being. , 

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

This Free Book Explains 
The Rosicrucians will send the SINCERE 

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

Scribe X. Z. x , _  

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

SAN JOSE, CALIFORNIA 
The Rosicrucians are NOT a religious organization 
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O u r  Book  Co rne r  
THE BOOK D EPART M ENT of Scientific American is conducted, 
with the co-operation of the Editors, to make available for you a 
comprehensive book service. Each m onth the Editors select and 
review in these columns new books in a wide range of scientific 
and technical fields. I n  addition, they are ready at all times to 
advise you regarding the ,best available books o n  any subject. 
You are invit,ed to use this service freel y. Tell  our  Book 'Depart­
ment what kind of books you want and you will  be furnished 
with a list of available titles, including prices. When inquiring 
about books,  please be specifi c :  remember that we can be of the 
greatest help only when you tell us just what you are looking for. 

AERIAL BOMBARDMENT PROTECTION 

By Harold E. Wessman 
and William A. Rose 

D
ETAILED technical, rather than popu­
lar, discussion of making building 

construction resistant to effects of bomb­
ing, including characteristics of bombs, 
design procedures, present construction 
practice and proposed modifications, 
evaluation of shelter zones in existing 
buildings, air raid shelters, camouflage. 
Data were obtained from British experi­
ence, supplemented by extensive studies 
and governmental experiments applic­
able to American structural and archi­
tectual practice. Authoritative. Valuable 
to engineers, architects, technical advis­
ers, construction material manufactur­
ers. (37:2 pages, 5% by 9 inches, profusely 
illustrated. ) --$4.10 postpaid.-A . D. R. 

BETWEEN T H E  PLAN ETS 

By Fletcher G. Watson 

ONE of the new Harvard books on 
astronomy. It deals with comets and 

meteors, asteroids and meteorites. Writ­
ten by a professional astronomer (at the 
Harvard College Observatory) for the 
advanced amateur' astronomer-which is 
to say, for the rather serious home reader 
rather than . for the reader who wants a 
book for the entirely uninitiate. It gives 
a thorough coverage of its subj ect, in­
cluding the most recent findings. ( :2:2:2 
pages, 5% by 8% inches, 106 illustra­
tions. ) --$:2.60 postpaid.-A .  G. I. 

D E FEN D I N G  A M E RICA 

By Creighton Peet 

J
UST the right book to present to that 

10 to 14 year-old lad who keeps ask­
ing you questions about the Army, the 
Navy, the Air Corps, and so on. It gives 
a clear picture for j uveniles. ( 1 60 pages, 
6%, by 9'%, inches, well illustrated. ) ­
$1.60 postpaid.-A . G .  I. 

TEC H N I CAL D RAW I f,J G  

By Giescke. Mitchell. and Spencer 

S
ECOND edition of the probably best 

book on its subj ect-most thorough, 
complete, and detailed. It is essentially a 
general introduction to drafting, suit­
able for college and high-school grad­
uates . Chapters on : instruments and ma­
terials, instrumental drawing, geometry 
of technical drawing, lettering, proj ec­
tions, auxiliary views, revolutions, sec-

tional views, axonometric proj ection, 
oblique projection, perspective, intersec­
tions and developments, dimensioning, 
shop processes, working drawings, gear­
ing and cams, pipes, fittings and valves, 
welding representation, technical sketch­
ing, shading, patent office drawing, 
graphs, architectural drawing, structural 
drawing, topographic drawing, reproduc­
tion of drawings. Excellent sourcebook 
for men now polishing up to undertake 
defense drafting j obs but who feel a 
bit shaky. It gets down to brass tacks 
( thumbtacks ) .  ( 687 pages, 6 by 9 inches, 
1001 illustrations. ) -$4.10 postpaid.­
A. G. I. 

THE RAD I O  AMAT E U R'S HAN DBOOK 

"
T

HE most widely read technical vol-
ume on radio" is the way the pub­

lishers characterize this volume which is 
published yearly. The text is literally the 
Bible for thousands of radio "hams" 
throughout the world, but it now assumes 
increased importance due to the fact that 
thousands of copies of  the new edition 
will be used in defense classes through­
out the country. The subjects covered 
range throughout the entire field of 
radio, from fundamental principles to 
the design and construction o f  transmit­
ters and receivers, all concerned with 
short-wave activity. ( Completely illus­
trated with photographs and drawings . )  
--$1 .10  postpaid.-A . P. P.  

INTELLIGEN CE, P O W E R  A N D  
PERSONALITY 

By George Crile 

S
TUDIES of the force that energizes man 

and animals, and accounts for their 
intelligence, power, and personality, by 
the noted Cleveland surgeon-scientist. 
Based mainly on thyroid and adrenals, 
heart and brain. Mainly of zoological in­
terest. (347 pages, 6 by 9 inches, 41 
illustrations. ) --$3.1 0 postpaid.-A . G. 1. 

PLASTICS CATALOG 1 942 

WHAT--a catalog reviewed in the book 
column ? Yes indeed, because here is 

one catalog that is so much more than a 
mere listing of products that it has made 
for itself a definite place in the literature 
of the plastics industry. Bound in simu­
lated leather, this volume has become an 
indispensable source of information and 
reference for anyone connected with or 
interested in plastics in general. The text 
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-- O U R  B O O K  C O R N E R --
is divided into nine main sections, the 
titles being : Plastics in Defense ; Mate­
rials ; Plastics Engineering ; Production 
Operations ; M achinery and Equipment ; 
Laminates, Vulc, Fibre ; Plastic Coat­
ings ; Syn. Fibers and Rubbers ; Index 
and Directory. The article material has 
been compiled by the foremost authori­
ties and experts in the field. ( More than 
600 pages, 9! by III inches, completely and 
thoroughly illustrated. ) -$5.00 postpaid. 
-A . P. P. 

M I S S I O N  TO M OSCOW 

By Joseph Edward Davies 

C
OMPOSED of extracts from the diary. 

j ournal, personal and official corre­
spondence, and the "Secret and Confi­
dential" documents of the former United 
States Ambassador to Russia, this book 
is a report to the American people, with 
the sanction of the Department of State. 
A moving, fascinating delineation of 
facts and personalities in Russia from 
1 936, as observed and studied by an offi­
cial representative of this country, of 
whom President Roosevelt said : "You 
exercised a happy faculty in evaluating 
events at hand and determining with 
singular accuracy their probable effect 
on future developments. Your j udgments 
of men and measures were sound and 
dependable." ( 663 pages, 6 by 8! inches, 
indexed, illustrated. )-$3.10 postpaid.-2.. 
A .  D. R ., IV. 

THE ADVA N C I N G  FRONT 
O F  M E D I C I N E  

By George W .  Gray 

S
UMMARY of the high points in our 

present-day knowledge of the nature 
of disease, under the headings of alimen­
tation, high blood pressure, the sulfa 
drugs, influenza, allergy, anxiety, insani­
ties, sleep, pain, smoking, drink, cancer, 
aging. This is not a dashed-off book­
quite the opposite. For Gray spends 
about three years on such a book, writing, 
checking, painstakingly submitting his 
copy to everybody that's important in 
the whole field (literally scores of these ) ,  
re-writing in the light of their sugges­
tions, and polishing off wit!1 not merely 
accurate statements of fact but correct 
emphasis and interpretation, which are 
still more important. There is no flashy 
writing here, j ust a good sound style 
without self-conscious trimmings ; in 
other words, a book designed to appeal to 
conservative readers who want truthful 
pictures of the status of medicine. (495 
pages, 6 by 9 inches, unillustrated. ) ­
$3.10 postpaid.-A . G. I. 

HAN D BOOK OF C H E M I STRY 
AND PHYSICS 

A
NNUALLY this classic reference book 

is revised to keep pace with re­
search work, the revision process necessi­
tating extensive changes during recent 
years. To attempt to give a comprehen­
sive idea of the contents of the book 
would take far more space than is avail­
able. About all that can be said here is 
that an attempt has been made to in­
clude material on all branches of chem-

S AV E  U P  TO 70,0 
ON TEC H N I CAL B O O K S  

Many of These Titles Reduced For the First Time 

QUANTITIES LIMITED 
PLACE YOUR ORDER NOW 

Title 

GERMAN FOR CHEMISTS . . . . . . . . . . . . . .  . 
CHEMICAL FRENCH . . . . . . . . . . . . . . . . . . .  . 
TECHNICAL ANALYSIS OF ORES AND 

METALLURGICAL PRODUCTS . . . . . . .  . 
MOTOR DICTIONARy . . . . . . . . . . . . . . .  , . . . 
VOL. 1 GERMAN-FRENCH-ENGLISH . . .  . 
VOL. 2 ENGLISH-FRENCH-GERMAN . . .  . 
VOL. 3 FRENCH-ENGLISH-GERMAN . . .  . 
REINFORCED CONCRETE CONSTRUC-

TION . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . 
EMBALMING FLUIDS . . . . . . . . . . . . . . . . . .  . 
STORY WEAVING . . . . . . . . . . . . . . . . . . . . . .  . 
HAIR DyES . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 
PALEOZOIC FISHES . . . . . . . . . . . . . . . . . .  . 
UNEMPLOYMENT AND THE UNEM-

PLOYED . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 
MAGNESIUM & ITS ALLOyS . . . . . . .  . 
ANIMAL LIFE IN FRESH WATER . .  . . . 
BEVERAGE MANUFACTURE . . . . . . . . . . .  . 
LEA THER FINISHES . . . . .  . 
WHITE SHOE DRESSINGS . . . . .  . 
PERCEPTION OF LIGHT . .  . 
LIGHT . . . . . . . . . . . . . . . . . . . .  . . . 
CANNING PRACTICE & CON TROL . . . . .  
POR TLAND CEMEN T . . . . . . . . . . . .  . . .  
BOOK OF GARDEN IMPROVEMENTS . . .  
ASTHMA . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 
CATARRH . . . . . . . . . . . . . . . .  . .  
HOW TO ESCAPE COLDS & INFLUENZA. 
PHOTOGRAPHY FOR PROFIT . . . .  , . . . . .  . 
MORE INDOOR COMMUNITY GAMES . .  
FOREIGN EXCHANGE . . . . . . . . . . . . . . . . . .  . 
YOUR CHILD & BEAUTy . . . . . . . . . . .  . 
YOUR CHILD & HEALTH . . . . . . . . . . . . . .  . 
YOUR CHILD & DIET . . . . . . . . . . . . . . . . .  . 
QUALITATIVE ANALYSIS . . . . . . . . . . . . . .  . 
SPARKING OF STEEL . . . . . . . . . . . . . . . . . .  . 
IRON & STEEL WORK CHEMISTS . . . . .  . 
MINERALOGY OF ARIZONA . . . . . . . . . . .  . 
BRITISH CHEMICAL INDUSTRy . . . . . .  . 
THERMIONIC PHENOMENA . . . . . . . . . . .  . 
PRACTICAL HyGIENE . . . . .  
BEET SUGAR CHEMISTS' HANDBOOK . .  
REINFORCED CONCRETE IN EUROPE . 
NOTES ON CHEMICAL ANALySIS . . . . .  . 
RESEARCH NARRATIVES VOL. 1 . . 
RESEARCH NARRATIVES VOL. II . . . . .  . 
RAINMAKING . . . . . . . . . . . . . . . . . . . . . . . . . .  . 
OIL SALESMAN 'S PRIMER . . . . . . . . . . . . .  . 
WOOD, LUMBER & TIMBER . . . . . . . . . . .  . 
PROCTOR' S  LEATHER CHEMISTS' 

POCKET BOOK . . . . . . . . . . . . . . . . . . . . . . .  . 
RHEUMATISM & GOUT . . .  . 
VARNISH MJ\KING (A SYMPOSIUM I . .  

Author 

De Vries . . . .  
Dolt . . . . . . . . . . .  

Hills . . . . . . . . . . .  
Dierfield 
. . . . . . . . . . . . . . .  

. . . . . . . . . 
. . .  , . . . . . . . . . . .  
Cantel! . . . . . . . . .  
Mendelsohn . . . . .  
Vivian . . . .  . . . .  
Redgrove . .  
Moy-Thomas . . .  

Singer . . . . . . . . . .  
Haughton . . . . . .  
Mellanby . . . . . . .  
Morgan . . . . . . . .  
Mudd . . . . . . . . . .  
John . .  . . . . . . . . . 
Wright . .  
Saunders . .  
Jones . . . . .  
M eade . . . . . . . . .  
Brett . . . . . . . . . .  
Vander . . . . . . . . .  
Vander . .  

. . . . . . . . . . . . . . . 
" Nettel . . . . . . . .  
Hedges . . . . . . . . .  
Docker . . . . . . . . .  
Howe . . . . . . . . . .  
Cooper . . . . . . . . .  
Pink . . . . . . . . . . .  
Mason . . . . . . . . .  
Pitois . . . . . . . . . .  
Heess . . . . . . . . . .  
Guild . . . . . . . . . .  
Miall . . . . . . . . . .  
Block . . . . . . . . . .  
Bergey . .  
Moeller-Krause . .  
Colby . . . . . . . . . .  
Craig . 
Flinn . . . . . . . .  
Flinn . . . . . . .  
Hump;'lreys . 
EttIe . . . . . . . . . . .  
Haywood . . . . . . .  

Atkin&Thompson 
Vander . . . . . . . . .  
. . . . . . . . . . . . . . .  

Pub-
lisher's 

Price 

3 . 00 
4 . 00 
3 . 00 
4 . 00 
4 . 00 
4 . 00 
3 . 00 
4 . 00 
2 . 00 
5 . 00 
2 . 00 
2 . 75 
1 . 50 
3 . 00 

10 . 00 
4 . 25 
4 . 25 
2 . 50 
2 . 50 

10 . 00 
10 . 00 

2 . 50 
1 . 50 
1 . 50 
1 . 00 
2 . 00 
1 . 50 
5 . 00 
1 . 50 
1 . 50 
1 . 50 
1 . 00 
2 . 00 
1 . 25 
1 .  25  
4 . 50 
2 . 50 
1 . 50 
1 . 50 
3 . 50 
2 . 50 
1 . 00 
1 . 00 
2 . 50 
3 . 00 

10 . 00 
6 . 00 
1 . 50 
6 . 00 

(To above prices add 10 cents postage for each book. 
For foreign pOlStage add 35 cents for each book.) 

For Sale by 

OUR 
SPECIAL 

PRICE 
1 . 50 
2 . 00 
1 . 50 
2 . 00 
2 . 00 
2 . 00 
1 . 50 
2 . 00 
1 . 00 
2 . 50 
1 . 00 
1 . 50 

. 75 
1 . 50 
5 . 00 
2 . 25 
2 . 25 
1 . 25 
1 .  25 
5 . 00 
5 . 00 
1 . 25 

. 75 

. 75 

. 50 
1 . 00 

. 75 
2 . 50 

. 75 

. 75 

. 75 

. 50 

. 85 

. 60 

. 50 
1 . 50 
1 .  25 

. 75 

. 75 
1 . 00 
1 .  25 

. 50 

. 50 
1 . 00 
1 . 50 
5 . 00 
4 . 00 
1 . 00 
3 . 00 
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The Editors Recommend 
T H E  E N G I N EER'S S K ET C H B O O K  O F  M E C H A N I CAL 
M O V E M E NTS-By Thomas Walter B arber. Working drawings 
of practically every conceivable movement, device, appliance, and 
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PHOSPHATES ON THE FARM, by Chester F. 
Hockley, is . an eight-page pamphlet 

which deals with the whole problem of 
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� TE LESCOPT ICS  � 
A Monthly Depa rtment for the Amateur Telescope Ma ker 

Conducted by A L B E R T G. I N G A L L S 
Editor of the Scientific American books "Amateur Telescope M a k i n g "  

a n d  " Amate u r  Telescope M a king-Advance d "  

DR. PLASKETT'S detailed account of the 
acceptance tests for the great Sg" 

mirror for the McDonald observatory, 
reprinted from Contributions fro:n the 
McDonald Observatory, University of 
TelJ)as, begun here last month, is con­
cluded as follows :  

The focal length o f  the completed mir­
ror was carefully measured before the 
reductions of the final measu'res, as 
319 .656", or SI 1 .9gS cm ; and with this 
focal length the intersections of the Ig 
zones used in the visual tests and the 
15 in the Hartmann test wer-e computed 
anew, and are given in Table I.  On the 
left-hand side the units are inches and 
on the right centimeters, as the separa­
tion of the zones, which are those of the 
diaphragm used in the Hartmann test 
and the pitch of the screw used in meas­
uring the photographs, are given in these 
units. The recomputation was necessary, 
as the difference between these positions 
and those for the focal length of 3g0" 
amounts to 0.005", or O .lg mm, which is 
quite significant with so good a mirror as 
the Sg". 

ble errors of the mean of six settings is 
O.OOgg" for the outer four zones, 0.0033" 
for the intermediate, and 0.0043" for the 
inner four zones. 

The results of these four measures are 
given in Table g, where the first column 
contains the zone number, the second and 
third and the succeeding three pairs of 
columns give the tJ.R's, the difference be­
tween the observed and 
computed positions of the 
zonal intersections, and their 
transformations into the 
curve of shape for the four 
dates. It will be noted that 
the values of tJ.R which, it 
must be remembered, are 
expressed in thousandths of  

. an  inch and are  four times 
the longitudinal aberrations 
at the principal focus, vary 
somewhat on the different 
dates, being lower on Octo-
ber Ig and g5 than on Octo-
ber 14 and November 1 .  
While the accidental errors 
of the means of the sets, 
varying from ± O.OOg" to 
± 0.004", and increasing 
from edge to center of the 
mirror, may account for a 
considerable fraction of the 

... 

variations in the tJ.R's were somewhat 
smaller than in the other two JIleasures, 
the decrease in temperature, taken from 
a thermograph near the mirror, between 
midnight and the time of the tests, about 
11 :00 A.M., was 1 ° .91<', while on October 
14 the change was g O F. However, on 
November 1 the temperature was con­
stant within 0 ° .3F, so that, on the whole, 

-

---

The visual measures of the intersec­
tions of the pencils from the various 
zones ,were made on October Ig and 
October 14, immediately after the para­
bolizing was completed, and again on 
October g5 and November 1 ,  after the 
mirror' was aluminized. There were four 
independent sets of measures on October 
19 and six each on the other three dates, 
equally divided between, and alternated 
by, Mr. Lundin and myself. The sepa­
ration of the scratches was measured by 
dividers on a steel rule divided into 
fiftieths and hundredths of an inch. These 
measures, or rather the differences be­
tween the observed and the computed 
position tJ.R, are given in thousandths of 
an inch ; for, although in a single setting 
three places are not significant, they more 
nearly approach it in the mean of four, 
and still more of six settings. The proba-

variation, there may be 
something systematic about 
the differences, such as tem­
perature variations on the 

figure 3: Final test. U pper curves of the tJ.R's. 
Lower curves a re the c u rves of shape 

ZoNE 

I . . . . . .  
2 . . . . . .  
3 · '· · ·  . .  
4 · · · · ·  . 
5 · · · ·  . .  
6 . . . . . .  
7 · · ' , '  . '. 
8 . . • . . .  
9 . .. · · . .  

10 . . . . . .  
I I  . . · . . . .  
1 2  . .  , . . .  
1 3 · · ·  ' , " 
1 4 · · · · ·  . 
Center . .  

214 

RADIUS DIFl'. 

OF ZoNE RADIUS ZONE 

(IN.)  (IN.) 

40 . 250 2 · 539 I . . . .  
3 7 · 7 1 1  2 . 2 29 2 . . . .  
35 · 2 1 1  1 . 942 3 . . . .  
3 2 . 72 1  1 . 677 4·  . . · 
30 . 2 2 7  1 . 43 1  5 . .  · . 
2 7 · 736 1 . 204 6 . . . .  
25 . 231 0 . 996 7 ·  . . .  
2 2 . 72 7  0 . 809 8 . . . .  
20 . 23 1  0 . 64 1  9 . .  , . . 
1 7 . 738 0 . 492 10 . . . .  
1 5 . 2 1 7  0 . 362 I I .  ' , ' . 
1 2 · 744 0 . 254 12 . . . .  
10.. 2 7 7  0 . 165  1 3 · · ·  . 

7 . 729 0 . 093 14 . . . .  
0 0 1 5 · · ·' . 

different dates, or change of figure pro­
duced by irregularities in the thickness 
of the aluminum coating. 

So far as the latter effect is concerned, 
it may be dismissed as negligible, as there 
is no appreciable systematic difference 
in the run of the tJ.R's before the coating, 
on October 19 and 14, and after it, on 
October g5 and November 1 .  There may 
be, however, some evidence of  a tem­
perature effect on the figure of the Sg" 
mirror. On October Ig and g5, when the 

RADIUS DIFF. 
HARTMANN MEAS. 

MEAN As-
OF ZoNE RADIUS TIGMA-

(Cloll ( CH )  ilR I1F TISM (MM) 

101 · 5  6 . 365 -0 . 3 2 - 0 . 08 +O . I I  
97 · 5 · 808 - 0 . 1 I - . 03 + . 06 
92 . 5 , 2 24 +0 , 36 + , 09 - . 03 
87 · 4 . 653 - O . l l  - . 03 + . 04 
82 . 4 . 149 - 0 . 1 5 - . 04 - . 01 
77 · 3 . 658 - 0 , 16 - . 04 - . 02 
7 2 . 3 . 206 - 0 , 1 2 - . 03 + . 07 
67 ., 2 · 7 76 - 0 . 1 7  - . 04 + . 08 
62 . 2 · 3 74 +0 . 13 + . 03 + . o r  
5 7 · 2 . 007 - 0 . 7 2 - . 18 + . o r  
5 2 . 1 . 67 1  - 0 2 2  - . 06 + . 01 
47 · 1 . 363 +0 . 1 5 + . 04 - . 02 
42 . 1 . 090 +0 . 24 + . 06 + . 08 
3 7 · 0 . 846 +0 . 62 + . 1 5 - . 10 
3 2 . 0 . 63 2  - 1 · 34 - � · 33 - 0 . 06 

a variation of figure with small tempera­
ture changes is not demonstrated. 

We may, hence, consider that the varia­
tion in tJ.R's are mainly accidental and use 
the mean values of the 9g different set­
tings as best representing the figure of 
the mirror, and these means are given in 
the last three columns of Table iJ. The 
mean tJ.R's are all remarkably small, 
less than 0.004", or 0.001" at the prin­
cipal focus, except for zones 6, 9, and, to 
a smaller extent, 1 1 .  These indicate only 
a very small deviation from a perfect 
figure, the maximum longitudinal aberra­
tion at the principal focus in the last 
column being 0.005", or O.lg mm, as com­
pared with the 0.4 mm allowed by the 
specifications. The total area of the three 
divergent zones is only 15 percent of the 
area of the surface, so the effect on the 
resultant image will be small. The maxi­
mum diameter of the ' circle of confusion, 
computed geometrically from the largest 
longitudinal aberrations, is 0.014  mm, as 
compared with the 0 .05 mm of the speci­
fications. Furthermore, S5 percent of the 
light is concentrated in a diffusion disk 
of an average diameter less than one­
third the foregoing. 

Table J :  Positions of intersections ( max. diam.,  0.025 m m )  

The tJ.R's from Table fJ are represented 
graphically in Figure 3, the scale di­
visions being in hundre,Uhs of an inch, 
although numbered in thousandths (these 
being used rather than millimeters since 
all the measures were more conveniently 
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made in those units ) .  The curves of 
shape computed from these !lR's are 
given immediately below each curve of 
!lR, the units here being millionths of 
inches. The maximum departure from the 
mean paraboloid in the lowest curve is 
0.0000007", considerably less than a twen­
tieth of a wave. 

The Hartmann Test : There remains 
one further test of the surface, the well­
known Hartmann test, which was re­
quested by the purchasers early in the 
negotiations, the diaphragm being made 
according to their specifications. The lat­
ter contains 60 holes, each about 38 mm 
in diameter, spaced along twelve radii 
30 ° apart. The holes cover 15 zones of 
the surface twice, the two sets being 90°  
apart to  determine the astigmatism. The 
radii of the zones are given in Table I 
in centimeters, successive zones being 5 
cm apart except that the distance between 
No. I and No. :2 is 4.5 cm. This dia­
phragm was placed directly over the 
aluminized mirror, which rested on the 
table of the polishing machine and was 
turned into a vertical position for both 
visual and photographic tests. 

Several precautions were taken to in­
sure reliable results on these tests. The 
principal difficulty encountered in my 
earlier tests of the 7:2" V ictoria and the 
69" Delaware mIrrors had been tem­
perature stratification in the Brashear 
testing chamber. This difficulty was much 
less troublesome at Cleveland, owing to 
the better temperature correction and 
to the tests being made in an open room 
instead of the closed 6' square tube at 
Allegheny. Nevertheless, it was still pres­
ent, as the images of the zonal apertures 
on the plates were all elongated in the 
vertical direction. To overcome as much 
as possible such temperature difficulties, 
the mirror was always kept horizontal, 
except for the few minutes the photo­
graph was being made, so that it must 
have been at practically constant tem­
perature throughout. Four exposures 
were made in each set, the mirror being 
rotated 90° each time, so that the longi­
tudinal aberrations and the astigmatism 
could be tested not only from the two 
sets of apertures on each plate but also 
from the horizontal sets only, on succes­
sive plates, in the hope of overcoming 
stratification effects. 

The four plates . yielded four deter­
minations of the !lR's and four of the 
astigmatism. The average probable errors 
of the mean values, which, unlike the 
visual settings, did not increase in the 
inner zones, was ±0.:21 mm, which, com­
pared with the visual average of ± 0.08:2, 
makes the photographic probable error 
over :2.5 times greater than the visual. 
The values of the photographic !lR's and 
of the longitudinal aberrations at the 
focus are given in the seventh and eighth 
columns of Table 1. These, reduced to 
the same scale as those of the visual 
tests, are shown graphically in the fifth 
group of Figure 3. Although these show 
a trend similar to the visual graphs, they 
are naturally, owing to the higher proba­
ble errors, considerably more ragged and 
are entitled to considerably less weight. 

The principal value of the photographic 
method is its definite test of the presence 
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P I P E  COMES TO YOU-WITH T H E  

T W O  T O B A C C O S- f O R  O N LY 

O N E  DOLLAR - If YOU H U RRY ! 

A real , he-mall's pipe,- rugged, 
hefty, yet the delicate carvings 
and grooves g'ive it rema rkable 
lightness. Easy to smake be­
cause you get a grip on it. 
Holds a generous fill ing of to­
bacco. You'll be mighty glad 
you o r d e r e d  one of t h e s e  
l u x u r y p i p e s  at  t h i s  b a r­
gain price. 

New Conc1enQr Filter 
assures dean, healthy 
smoking. 

Pipe 
shown 

�8 

�Iiillim� Here's our pledge. You exam-
ine the p; pe, smoke it with the 
tobaccos, enjoy it. If you de­

our da don't measure up 1 00%, keep 
pipe and tobaccos • . . and we return you r  money 
in full. Speed you r  order on the way today to get 
in  o n  this. Dol lar bill, check, money-order or 
sta mps will do . . .  and you'll get entire combina­
tion without further cost. Or, send pen ny post 
card and pay postman $1 .00 plus 1 8'c, C.O.D fee_ 

LEONARD TOBACCO CORP. 
lOO-J lAST 16th ST., NEW YORK, N. Y; :. 

---------T E L E S C O P T I C S ---------

OCT'. I 2  OCT . 14  I OCT . 2 5  j MEAN ' MEAN 
� AT N" . ,  � P 

ZoNE IlR CuRVE Focus 
�R Curve IlR ! Curve IlR l curvel�1 Curve! (MM) 

+0 . 006 +0. 7 - o . OOI i+o . I +o . oo�-o .  I I 0 . 000� I +O . 0035 -0 . 4  +0 . 02 t . . . .  
2 . . . . 
3 · · ·  . 
4 . . . .  
5 . . . .  

- . 0011+0 . 6  . oo�+o .  1 - . 00 - . 4  - . 003' -0 . 3  . 0000 - . 4 . 00 
- . 005 +0.�- . 001 0 . 0 - . 001 - . 0,+ . 001 1- 0 . 2  . 0000 - . 4  . 00 
- .007 -: 0 .  + . 0051+0 . 5  . 000 - . 6 - . 008 - 1 . 0 - . 0022 - . 5 - . 02 
- . 003 j-O . 5 + . 003 +0 . 8 - . 003 - · 9 - . 003t 1 . 3 . 0000 - . 5 , . 00 

6 . . . .  + .oII I+0 . 6 + . OU + I . 7 +  . 013 + . 2 + . 0,- 0 . 5 1+ � OI 25 + . 61+ . 08 
7 . . · ·  + .oo�+' - '  - ' 00�+ L 6 + . 004 + · 4 + .0' I+ ' - 't . 0008+ 'r . 0' 
8 . . . .  
9 · · .. 

10 . . . .  
It:-. . .  

+ .001\+0 . 7 -. . 016 +0 · 5 + . 002 + . 5 + . 004 + 1 . 1 - . 0015 + . 6 - . 01 
- . 025 -0 . 7 - .023 - 1 . 2 - . 0061+ . 1 - . 0231-0: 3 - . 0190 - . 6 - . 1 2 
- . 004 -0 .8 - . 017 - 2 . 1 + .001\+ · 3 +  .009,+0 . 2 - . 0005, - . 6 . 00 
- . 004' - 0. 8 +  .00 7 - 1 . 8 + . 0081+ . 6 +  . 0141+0 . 8 +  . 0078 - . 2 +  . 05 
-0. 0191- 1 . 4 -'0 . 00 - 1 . 91+0. 010,+0 . 6t+o . OI21+ 1 . 5 +0 . 00151-0 .  2 1�0 " o l  1 2  . . . .  

Table 2 :  Visual  measurements of il R ( max. diam . •  0.0 1 4  m m )  

o f  astigmatism. The mean differences be­
tween the longitudinal aberrations at the 
principal focus in two azimuths on the 
mirror 90°  apart are given in the last 
column of Table 1. If not wholly due to 
accidental errors, as seems likely from 
those determined above, there is cer­
tainly no systematic trend . of the signs, 
the algebraic mean being only +0.09 
mm, and it may be safely said that the 
surface is free from astigmatism. 

The Hartmann criterion T, obtained 
from the formula 

T _ 200,000 . T,r2ilF 
- Fo2 T,r 

where Fo is the focal length, ilF the 
longitudinal aberration at the principal 
focus, taken without regard to sign, and 
r the radius of any zone, simply gives the 
weighted mean value of the diameter of 
the geometrical confusion circle ex­
pressed in terms of Fo/100,DDO, while 
9.0696T is its apparent diameter in sec­
onds of arc. The values of T were com­
puted for each of the four visual meas­
ures and for the single photographic test, 
and are given in Table 3. This was done 
for completeness only, as the value of  T 
obtained from the mean of the 99 visual 
measures of ilR at the center of curva­
ture ( given in the last line of Table 3 )  
i s  obviously o f  much greater weight and 
is taken as more truly representing the 
optical qualities of the mirror. The max­
imum diameter of the diffusion disk was 
calculated above as 0.014 mm, less than 
one third the 0.0.5 mm permitted by the 
specifications, but is nevertheless nearly 
four times larger than the average di-

ameter of 0.0.0.39 mm in the last line of 
Table 3. There is, however, such a small 
proportion of the total light entering 
into this expanded disk that, in com­
parison to the central condensation, it 
will be quite inappreciable. 

It will be of interest to compare the 
optical qualities of the 8:2" mirror with 
those of other large reflecting surfaces 
which have been similarly tested. For 
this purpose the criterion T forms the 
best guide, as the errors or aberrations 
and the diameter of the geometrical dif­
fusion disks are directly proportional to 
T. The following list comprises all those 
known to me, as the Mount Wilson 60." 
and 100." mirrors have had, to the best of 
my knowledge, no measures of their 
aberrations published. 
7:2-inch Victoria mirror' . . . . . . T =0..1:2 
69-inch Delaware mirror" . . . . .  T = .14 
74-inch Toronto mirrors . . . . . . T = .:20. 
89-inch Texas mirror . . . . . . . . .  T =0..050. 

Not only has the Texas mirror much 
smaller measured errors than any other, 
but such a relatively large proportion of 
the figuring was performed with large 
tools that the surface must be remarkably 
smooth and regular. This was, indeed, 
amply demonstrated by the Foucault 
and Ronchi tests, and it can be safely 
stated that the quality of the 8:2" mirror 
of the McDonald Observatory is un­
equaled by any mirror previously made 
and tested. 

1 Computed from the aberrations published 
in PUb. Dom. Ap. O bs.,  1, 41, 1 9 2 0 .  

" J. O p t. S o c .  Amer., 2 3 ,  2 9 3 ,  1 9 3 3 .  3 P o p  A s fr., 44, 3 4 9 ,  1 9 3 6 .  

WEIGHTED DIAMETER OF 

GEOMETRICAL DIFFU· 
KINo O F  

DATE 
NUMBER OF lIARTMANN SION DISK 

MEASl)RE MEASURES T 

Millimeters Seconds 

Visual . . . . . . . . . . . .  Oct. 1 2 4 0 . 080 0 . 0064 0 . 1 7 
VisuaL . . . . . . . . . . .  Oct. 14 6 . 070 . 005 2 . 14 
Visual . . . . . . . . . . . .  Oct. 25  6 . 042 . 003 2 . 09 
VisuaL . . . . . . . . . . .  Nov. I 6 . 085 . 0068 . 1 8 
Photographic . . . . . .  Oct. 26 4 0 . 100 0 . 0078 0 . 2 1 

Mean of all vis-
· . . . . . . . . . . 1 I 1 ual measures . 2 2  0 . 050 0 . 0039 0 . 10 

Table 3: Results of the tests 
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M rs. Martin's 
• 

IS firing the compact on 

"I never dreamed a woman's metal 
vanity case could help win the war, 
until I went to get the gorgeous new 
Volupte model I'd set my heart on. 
Now the jewelry manufacturers like 
V olupte are making metal cases for the 
kind of powder that goes 'bang'. So I 
don't have just the compact I wanted. 
But I do have the pleasure of knowing 
there's a kind of personal token from 
me now on its way to lapan." 

Making the grim munitions of war in 

addition to fine jewelry is a real manu­

facturing achievement. Yet so efficiently 

have Volupte and others overcome the 

new problems, that the jewelry industry is 
now one of the mainstays of our armed 

forces. In cooperation with the Revere 

R E V E R E  C O P P E R  A N D  

Technical Advisory staff, Volupte and 

others have found the path to munitions 

made smoother, easier, quicker. This is 

the type of service, beyond the 

of sound copper alloys, which 

brings to industry generally. 

So vital are copper and brass that every 

ounce goes directly into war materials. 

Fortunately, in spite of the difficulties of 

past years, Revere built new plants, in­

stalled better equipment, improved proc­

esses. This program, begun in 1 937, has 

enabled us to go straight into production 

of essentials in modern warfare. Yet until 

the day of victory Revere will never rest. 

More plants are already being built to 

serve us all. 

B R A S S  I N C O R P O R A T E D  
E X E C U T I V E  O f f i C E S : 2 3 0  PA R K  AVE N U E , N E W  Y O R K  

l ine the Pacific 
• 

I n  

The Revere Technical Advisory Ser­
vice functions in ( 1 )  develooj ng 
new and better Revere materials to 
meet active or anticipated demands ; 
( 2 )  supplying specific and detailed 

knowledge of the properties of en­
gineering and construction materi­
als ; ( 3 )  continuously observing 
developments of science and engi­
neering for their utilization in pro­
duction methods and equipment ; 
( 4 )  helping industrial executives 
make use of data thus developed. 
This service is available to YOll, free. 



li T O  P R O V I D E  F O R  T H E  C O M M O N  D E F E N S E ,  T O  P R O M O T E  T H E  G E N E R A L  W E L F A R E "  

Bad medicine for big bombers 

ONE WAY to spoil a bomber's aim is to 

hang a curtam of steel over your ship 

and dare him to come down through it. 

To get that curtain of steel up there 

requires quick-firing, flexible guns. 

To the plant of the Westinghouse 

Electric Elevator Company the Navy, a 

few months ago, brought its plans for 

such a gun. And to Westinghouse was 

given the important job of building the 

mounts that would control the aiming of 

these batteries of quick-firing guns. 

And the Navy said, "Well done I "  

Today, over the Westinghouse plant, 

there floats the Navy's "E" pennant­

for excellence- eloquent testimony to 

the manner in which this Westinghouse 

plant performed the job. How was this 

plant able to get into growing produc­

tion of these mounts so quickly? The 

answer lies in a Westinghouse character-' 

istic caJled "know how"-the ability to 

get things done in the best possible way. 

This Westinghouse "know how" makes 

itself felt wherever Westinghouse crafts­

men build things. Whether for the com­

mon defense or the general welfare, this 

"know how" is doing a job. The same 

skill and ingenuity that made so many 

splendid things for peacetimt' living are 

now being applied to many important 

war weapons. 

"Know how" will work for 

you again 

We look forward to the day when we 

can give your home, your farm, or your 

factory the fuJI benefit of Westinghouse 

"know how" again. To speed that day 

means ,just one thing to us: to produce, 

in ever-increasing quantities, the tools 

with which to get the victory job done. 

Westinghouse 
Stel'ilamps 
Bomb Fuses 
Tank Equipment 

Air Conditioning 
Electric Refrigerators 

For the Common Defense 

\1ilitary Radio Equipment 
Plastic Plane Parts 
Seadrome Lighting Eqllipment 

For the General Welfare 

Switchboards 
Lamps 

).javy Ship Turbines and Gears 
Blackout Plant Lighting 

E quipment 
. 

Steam Turbines 
Elevators 

These lists mention only ,wme of the many thousands of Westinghouse products. 

W E S T I N G H O U S E  E L E C T R I C  & M A N U F A C T U R I N G  C O . ,  P I T T S B U R G H ,  P E N N S Y L V A N I A  
(;apr. 1942. WeaUn8'hOUa08 Electric '& Manufacturing Co. 


