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1200 Illustrations 

T
HIS great new work presents-for the nrst 
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 nrst 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 
Bource 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 informatioll 
instantly, either in his own fie d or an)' related field, can find 
it in a few seconds in its alphabetical place--comprehensively 
treated in the language he works with-the language of ,dence. 

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 
aritbmetic, algebra, geometry problems-How bridges are COD
structed-How an airplane beacon system wor:ks-How petro
leum is cracked to make gasoline-How rayon is made-How 
to survey a piece of land-and thousands more. 
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In reat 
10,000 Separate Subjects 

Twelve Big Volumes in One 

The vast wealth of useful information in the Scientific 
Enc;yclopedia if published in the ordina,ry way, would 
611 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. 
duding 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. 

ASTRONOMY; Artides cover the entire subject. Each important 
constellation is shown 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 system, muscular system, skeletal system, excre· 
tory systems, etc. Vitamins, hormones. Bacteriology. Diseases 
-symptoms, diagnosis, treatment. Drugs. Latest researches and 
findings. 

MECHANICAL ENGINEERING: Principles of mechanics, mao 
chine design, engineering parts and instruments. Types and 
functions of bolts, cams, gears, and other fundamentals up to 
automobiles, aeroplanes, locomotives, etc. Steam, gas, gaso· 
line, diesel engines. 

Prepared by Outstanding Authorities 
In Each Field of Science 

The high technical standing of the editors is your 
assurance of _ the authoritativeness and accuracy of 
every statement. Although the responsibility for 
each subject was in the hands of a single noted 
scientist, the authors and publishers have had the 
co'operation and advice of a large group of well· 
known authorities. 
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CIVIL ENGINEERING: Surveying. -Bridges, highways, railways 
�very subject thoroughly explained. 
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ELECTRICAL ENGINEERING: Motors, generators, lighting, radio 
and television--every branch fully covered and clearly illus· 
trated. 

The foregoing is only a partial list of the countless special 
.ubjects covered. You will find hundreds of articles on 
GEOLOGY, BOTANY, NAVIGATION, CHEMICAL EN· 
GINEERING, and, in fact, any special branch of science in. 
which you want information. 
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CRECKING the temperature of his 
electric furnace with a pyrometer, the 
research engineer shown on our front 
cover is continuing his search for 
better magnetic materials for trans
former cores. The story of this im
portant work is told in the article 
"Regimenting Atoms," page 60. 
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SC IENCE S TU DIES RU BBER SOU RCES 

AKD so, in the war emergency, it was finally decided to 
turn to synthetic rubber as the nation's best bet-at least 
for the short-time pull-and most of us agreed that this was 
a practical solution, 

And the daily tumult died away, when those who had sin
cerely believed that certain vegetable, or plant, sources of 
emergency rubber were the best bet, found that they had not 
won, and got behind the synthetic plan that was adopted 
and helped push. \Vhereupon, the old argument slid off the 
front pages of the newspapers. 

No one should run away with the idea, however, that we 
have heard the last about rubber from plant sources.  Quietly 
it is  receiving most careful attention. As soon as the de
cision to go for synthetic rubber for the immediate need 
was made, it became possible for a large corps of scientists 
and technologists to begin a study of plant sources of rub
ber, unhampered by urgencies and other expediencies. Thus, 
we shall hear from time to time of the quiet, calm research 
that is proceeding. 

Goodrich. for example, is specializing in the careful study 
of three rubber-producing plants that seem at present to 
look best to its scientists-the well-known goldenrod, the 
Russian dandelion, called kok-sagyz ( pronounced, accord
ing to the Russian-American Chamber of Commerce, "kuk 
sag-iz"), and a twining vine heretofore l ittle publicized, 
called Cryptostegia. This is a perennial which grows wild 
in Mexico ( but has no relation to guayule, which also grows 
wild in Mexico) and contains rubber latex in all its parts . 
The tips can be harvested 30 times a year. "if e may hear 
more of these hopes . 

Then, if ways can be found to handle this weed, it is be
lieved that the same ways will enable us to handle others 
that grow wild in every fence corner-dandelions, dogbanes, 
wild lettuce, and others-all of which yield some rubber. 

On common fence-corner plants, the New York State Col
lege of Agriculture, at Cornell University, has been doing 
outstanding research, between 1 500 and 2000 species having 
already been tested there. A method of testing a given plant 
or weed in five minutes was developed. A thin section of 
leaf, stem, or root is cut by means of a razor, placed on a 
microscope sl ide. stained with a dye dissolved in solvents, 
and examined. The stain renders rubber and accompanying 
resins visible. If the test gives promise, the plant is later 
analyzed quantitatively in the laboratory. ( A  very crude, 
though simple, field test is to rub out a leaf between the 
fingers. If the milky latex coagulates . into a cohesive ball, 
there probably is some rubber in the plant. How much 
rubber is, of course, the next question.) Cornell also grew 
the Russian kok-sagyz last summer and gained a better pro
duction than the average Russian yield, but this plant re
mains on the doubtful list. 

So ineluctable are the basics of economic law that, when 
the war is over, our permanent source of rubber will be the 
one which can produce it most cheaply-unless, of course, 
some artificial obstruction is permitted to interfere with 
the pure logic of economic law. If synthetic rubber from 
petroleum, or limestone, or other source ; or, if synthetic 
rubber from one weed, or plant, or another ; or, if even the 
old Hevea rubber tree, proves to be one cent or even one 
mil per pound less expensive, then that will be our future 
rubber source. 

I t has been said, for example, and rightly, that In nor-
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mal times the rubber industry would have had to buy its 
plantation rubber from the opposite side of this planet, even 
if the suburbs of Akron, Ohio, had been a forest of rubber 
trees-the decisive factor would have been labor costs. 

In the meantime, while we let the facts decide on our 
future source of rubber, the rubber chemists who are now 
holding the fort with their work on synthetic deserve the 
nation's thanks .  There is pretty solid ground for the asser
tion that they are right now saving our future skins .-A .G.I. 

ECONOMY 

V ARIOUS, indeed, �re the interpretations which are placed 
on the word "economy." It may call up visions of the house
wife stretching the wage-earner's dollar to cover steadily 
increasing costs of l iving ; it may bring to mind the whole 
process of national management ; it may be applied to those 
common-sense-or necessary-means by which an industry 
continues to manufacture a needed product after many of its 
sources of conventional raw material ( often all of them) 
have been cut off. A case in point is the alarm-clock in
dustry. These mechanisms, largely composed of essential 
brass and often housed in a casing of the same material, 
have been placed on the "verboten" list. But workers, and 
war workers in particular, must have alarm clocks if they 
are to report for work on time. What to do? Practice 
economy ; put into operation the common-sense procedures 
of economy that would be used under ordinary stress of eco
nomic necessity. The result is the so-called "victory" clock, 
reported at the time of writing these lines to be made 
largely of non-essential materials with cases of thin wood 
or plastics of the less costly and more largely available 
types. 

What the alarm clock industry is doing can be-and in 
many cases is being-done by other industries. Not only is 
this true of civilian products but of military or war-required 
materials as well . ( Incidentally, the line between these 
two classes is becoming more and more difficult to draw, 
as the needs of the civilian over-lap more and more on those 
of the military, and vice versa.) Scientific research is con
stantly uncovering new ways of doing old j obs ; new mate
rials which replace, and do a better j ob than, older ones; 
methods of procedure which make former practices as out 
of date as the one-horse shay. Applications of such research 
are constantly reflected in these pages, where is told the run
ning story of industry and the benefits which it constantly 
draws from science. 

Leaning away, for the moment, from practical things as 
they are being accomplished today, but still touching on 
science and "economy," as the word is applied here to the 
alarm clock and other industries, perhaps no better example 
of long-range research and its ultimate economy can be 
found than that being devoted to natural domestic sources 
of rubber, dealt with in the preceding editorial on this 
page.-A .P.P. 
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50 Years Ago in • • • 

(Condensed From Issues of February, 1893) 

PANAMA WON-"The present outlook for the completion of 
the Nicaragua Canal is far better than for the Panama, but 
they both seem to be hipped in the same way. It is simply a 
question as to which company can first get the necessary funds. 
F. R. Brainard, U. S. Navy." 

LONG DISTANCE-"February 7 of the present year, wit
nessed the opening of the telephone line from Boston to Chicago. 
Telephoning is successfully carried on over 1250 miles of wire, 
owing to a somewhat circuitous route followed by the l ine. All 

First phone ca l l  over Boston-Chicago l ine 

distances hitherto covered are insignificant compared to this.  
The possibilities it holds for the future cannot well be over
estimated. A step beyond Chicago and the banks of the Missouri 
will be reached, and we may yet see Omaha and San Francisco 
connected by a line which will form the final link in a chain 
bringing San Francisco and New York within speaking range 
of each other." 

ARMOR-"A Harvey nickel steel armor plate, 6 inches thick, 
was tested on board the N eltle at Portsmouth on the 17th ult. 
The 6 inch breech loading gun was used, firing Holtzer's forged 
steel proj ectiles weighing 100 pounds each. The trial was of a 
very unusual kind, the gun and proj ectile being those regularly 
employed for testing 10�-;; inch plates . . .. This is a most re
markable trial, for it must be borne in mind that the resisting 
power of a plate is more as the square of its thickness 
than as the first power, so that for a 6 inch plate to break up a 
projectile which until recently was a match for lOY, inches is 
a great triumph." 

FAIR LIGHT-"Invitations have j ust been received in Chicago 
from the Westinghouse Electric and Manufacturing Company, 
asking an inspection of some of the electrical apparatus which 
is to form part of the incandescent lighting plant at the Colum
bian Exposition, and which is now exhibited at this company's 
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shops, previous to its being shipped to Chicago. The feature of 
particular interest at this display is one of the 1O,000-light 
dynamos direct coupled to a 1000 horse power \Vestinghouse 
compound engine." 

TELESCOPE-"It is proposed in Paris to construct a gigantic 
reflecting telescope, the mirror of which is to be 10 feet in 
diameter and the length of the tube is 140 feet. It is to be ready 
for the exhibition which is to be held in Paris in 1900. The 
mirror is to be silver on glass." 

BRIDGE-"One of the two or three highest bridges in the 
world is the viaduct over the Pecos River, Texas . ... It is 
on the line of the Southern Pacific Railway, and its construction 
shortens the former line of the road by 1 1 .2 miles, besides saving 
some heavy grades and avoiding bad curves . ... The Pecos 
River bridge is 2,180 feet long between abutment walls, and it 
is built of plate and lattice plate girders resting on steel towers . 
. . . The height from the base of the rails to the surface of the 
water is 320 feet 10� inches,  and to the bed of the river is 
330 feet." 

ONE REASON-"The fact that people lost on a desert or in 
a forest . . . walk in a circle is due to slight inequality 
in the length of the legs. Careful measurements of a series of 
skeletons have shown that only ten percent had the lower limbs 
equal in length, thirty-five per cent had the right limb longer 
than the left, while in fifty-five percent the left leg was the 
longer. The result of one limb being longer than the other will 
naturally be that a person will unconsciously take a longer step 
with the longer limb, and consequently will trend to the right 
or to the left, according as the left or right is the longer, unless 
the tendency to deviation is corrected by the eye. " 

BALLOON-"A large dirigible ball on is being constructed at 
the military balloon works at Chalais-Meudon, under the direc
tion of Commandant Renard. It will measure about 230 feet 
in length and 43 feet in its greatest diameter. By a new arrange
ment of motor it is expected to be able to make headway against 
air currents not exceeding 40 feet per second, or 28 miles an 
hour. The motor is not fully described, but it will act either 
with gasoline or the gas of the balloon, giving an effective force 
of 45 horse power. " 

COBALT-"Cobalt is now bought up in bulk by two or three 
chemical manufacturers, and is  almost entirely used at present 
for blue coloring of glass and pottery and blue glaze. Its cost 
in reality is not more than that of nickel, but it is retailed at 
something about five times this cost. If cobalt plating, as sug
gested by Dr. Silvanus Thompson, were to come in, cobalt, 
being used more largely, would soon become as cheap as 
nickel. " 

SKI-TROOPERS-"There are now being made in certain corps 
of the German army some very interesting experiments relative 
to the introduction of snow shoes, to permit of marching and 
service on a campaign in the severest weather. The snow shoes 
used by the German soldiers are the same as those that have 
been employed for centuries in the countries of the north of 
Europe . .. .  They consist of a thin strip of wood about a yard 
in length, a little wider than the foot, curved at the extremity 
and shod with iron." 
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Telephone • wire 
• coming up 

Here's a bomber-gunner hurrying 
to load his 50-calibre gun . • • •  

In peace, a lot of that copper 
would have gone into new tele

phone lines. Now it's needed for 
shooting and winning the war. 

That's why we can't build new lines 
right now. That's why we're saying 
-"Please don't place Long Dis
tance calls to war-busy centers un
less it's absolutely necessary." 

Thanks for all your help and we 
hope you will keep remembering. 

BELl. UUPHONE 
WAR CALLS 

COME FIRST 

SYSrEM 
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'WE DEFEND WHAT WE BUILD' 
Seabees, the Fighting Technicians of Our Navy 

TAKE a map of the world and mark 
crosses on or. near any points you 

l ike outside the cantin'ental l imits of 
the United States where the Navy has 
been reported in action. Chances are 
you will have indicated some Seabee 
bases. From the Aleutians to the Sol()
mons, from Trinidad to I celand, from 
Murmansk to Australia, in many lands 
and climates, north, south, 
east, and west, the Seabees 
have gone to work and to 
fight. With a brief history, 
thus far, but a vivid one, 
the Seabees - who derive 
their name from the phonetic 
pronunciation of the letters 
"CB," Construction Bat
talion-comprise the newest 
branch of the Navy, and one 
of our most dramatic and 
romantic services. 

The wartime business of 
the Seabees, the broad 
knowledge and variegated 
skil1s of officers and enlisted 
men, the amazing and force
ful esprit de corps they have 
conceived in a year's time 
are al1 best conveyed by a 
description of their insignia, 
an escutcheon destined to 
become as universal1y famil
iar as the blue of our Navy, 
the khaki of our Army, or the symbol 
of our Marines. 

A zooming bee, with white Navy hat 
perkily cocked above the fighting-mad 
expression on his tough face, with spit
ting Tommy-gun in his fore hands, 
streaks across the hawser-encircled blue 
background of the insignia. Indicative 
of his technical ability, he carries a 
wrench in his second hand, a hammer 
in his rear fist. His several sleeves re
spectively bear Naval rating badges of 
Gunner's Mate, Machinist's Mate, Car
penter's Mate, and on each wrist i s  the 
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corps device o f  the Civil Engineer 
Corps of the Navy, portraying rela
tionship to the Bureau of Yards and 
Docks, the parent organization of the 
construction regiments. This rough
and-ready, tough little guy of many 
parts expresses better than whole col
umns of words the motto of the Sea
bees : "We Defend What We Build ." 

Are you a blacksmith, carpenter, 
electrician, mechanic, painter, pipe
fitter, plumber, rigger, steelworker? 
Can you operate a bul1dozer, gas and 
Diesel engines, a dredge, a crane, a 
shovel, a truck? Do you know a good 
deal about generators, evaporators, 
water purifiers, refrigeration, welding, 
excavation, dynamiting, concrete, sur
veying? Maybe you're a cook, a baker, 
a laundryman, a draftsman, a rodman, 
a sailmaker, a telephone man, a wharf
builder, or a diver. Perhaps you are a 
doctor or a, dentist. If you are among 

these, or can qualify with knowledge 
and experience in any other technical 
l ine ; if you're over 16 and under 5 1 ,  
still i n  good health, and want t o  line up 
with a two-fisted crew of real1y tough 
hombres who fight with one hand and 
build naval bases with the other, you 
may volunteer for service in the Sea
bees . If you're looking for a commis

sion, you'll have to be a col
lege graduate with an engi
neering degree. The Con
struction Battalions of the 
Navy are truly specialist 
outfits, and it is their stiff 
requirements of engineering 
and construction experience 
that makes them so. 

The Seabees were born a 
child of necessity and have 
grown to manhood within 
the short space of time since 
the ]aps took Guam, Wake, 
Cavite, and other advance 
base facil ities of the Navy. 
The story of unarmed civi
lian construction men on 
Wake Island during the 
heroic stand by Maj or Dev
ereaux and his little band of 
Marines, and the part the 
civilians played, after grab
bing anything that would 
shoot, is wel1 known. The 

lesson was quickly learned and shortly 
after the declaration of war the need 
for construction personnel at many 
locations outside the United States 
became apparent. That this force should 
be in uniform and under military com
mand went without saying, with con
ditions as they were. The Navy's Bur
eau of Yards and Docks authorized its 
Civil Engineer Corps, which, through 
the medium of individual civil engi
neers, has served the Navy s ince 1775, 
but as a unit with authority to com
mand only since 1942, to recruit one 
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regiment of three battalions, totaling 
approximately 3300 officers and men. 
That was in December of 194 1 .  By 
mid-November of 1942 the Seabees 
were authorized to enlist 210,000. Af
ter training, each battalion is a com
plete entity unto itself, each of which 
can build or tear down anything con
structible, each of which is seeing 
service somewhere on the far-flung 
fronts of this war, and each of which 
has been trained to protect and defend 
what it builds . 

AT THE special training camps for 
men of the Construction Battalions 

at Norfolk, Virginia, and Davisville, 
Rhode Island, volunteers have been 
arriving for months . These "boots, " as 
new Navy men are termed, are as
sumed to have had varying amounts 
of technical training or experience, de
pending upon their age. They have 
filled out lengthy applications which tell 
the story of their various skills, they 
have had their physical examinations, 
and "boot school" will teach them how 
to drill, salute, shoot, wear their Navy 
uniforms, and generally conduct them
selves as Navy men should. During the 
three weeks of this specialized boot 
school the men who some day will build 
on the borderlands will also learn mili
tary courtesy, the manual-at-arms, 
combat signals ,  rifle marksmanship, 
extended order drill, the techniques of 
the 45 pistol, hand grenades, the 

The dynamite crew sets a charge 

Thompson sub-machine gun, bayonet 
drill, the layout of bases, and principles 
of air-raid protection. 

It's a tough schedule, that first three 
weeks, and it catches many an old-timer 
with short breath, weary and strained 
muscles, and perhaps a secret admis
s ion that he isn't quite the man he 
thought he was . However, all drill, 
calisthenics, and physical endeavor
and there's plenty of it from reveille 
at six in the morning to taps at 9 :30 

� .. � ... ) 

The "boots," upper left, learn fi rst princip les of drill, whi le  those with g uns are 
further advanced. In  backg round are Seabee road machinery and stacked rifles 

at night-is carefully watched by medi
cal men, and the older members of the 
battalion are urged to take it easy 
until they once more become the tough
ened men they were in bygone years. 
As for the younger fellows, there' s  no 
more need to worry about them than 
if they were in the Army, the Marines, 
or other branches of the Navy, and the 
story is about the same. 

QUITE naturally the emphasis is on 
the military scheme of things, for 

these men already know their trades.  
However, there is technical training 
in lecture hall and in laboratory, or in 
specially designed practical work shops. 
There are talks and actual labor on 
boilers and heating, Diesel and gas 
engines, evaporators and purifiers, 
generators and electricity, air-raid 
protection and camouflage, pontoons, 
propulsion units, and drydocks, tank 
and radio mast construction, refrigera
tion, welding, small arms, concrete 
forms and carpentry, diving, excava
tion and earth moving, hut erection and 
fire-fighting. The latter four will be 
covered still more in detail and actual 
practice after the men have left Camp 
Allen, at Norfolk, for the advanced 
training at Camp Bradford, not far 
away. 

In the course of this formative per
iod the new battalion finds itself. Men 
who have acquired particularly spe
cialized backgrounds are discovered 
through a series of new questionnaires 
and by discussions with the officers. 
These men, picked from the ranks, are 
given supplementary and extensive in
struction in the subj ects l isted above ; 
they are excused from routine duties ; 
often they end up by being instructors, 
which means they are l ikely to remain 
at Camp Allen for some time to come. 
One of these, for example, a specialist 
in Diesels, enlisted in April, 1942, and, 

much to his annoyance, he is still 
teaching the newer men the intricacies 
of his trade. Although 48 years old, 
father of four daughters, and a three
times grandfather, he is thoroughly 
disgusted with his lot of "fighting the 
battle of Virginia," and admitted to 
having deep, dark plans for "sell ing" 

• Through the courtesy of the Navy Depart
ment, a member of our  staff visited one of 
the three training camps of the Navy's new 
Construction Battal ions, known as "Sea bees." 
These men, many of them veterans of the last 
war, are performing a vital service in the 
establ ish ing of advance bases in all parts 
of the world, a service unique in the annals 
of the United States Navy, and one fraught 
with danger, which i s  why the Seabees are 
taught  to f ight  with one hand whi le  they 
bu i ld  with the other. I l l ustrations are 
U. S. Navy Official Photos.-The Editor. • 

the idea to the commanding officer of 
the next battalion to go through the 
school that he should be sent out to 
build and fight, rather than remain in 
the role of instructor. 

If a man wants action in foreign 
lands in this war, he'll get it in the 
Seabees . As soon as a battalion has 
been fermed and has completed its 
training, it. leaves for "Island X," 
which is the designation for an island, 
a continent, an isthmus, a beachhead 
anywhere in the world. When a bat
talion leaves the United States for its. 
obj ective, it is  as complete and suffi
cient unto itself as American ingenuity 
and inventiveness can make it. Food, 
clothing, arms, and ammunition are but 
a few of the impedimenta. There must 
be huts to live in, a laundry, a dentist's 
and a doctor's office and their parapher
nalia, kitchens that cook while they roll, 
or during tropical hurricanes, or in 
northern blizzards ; in fact, under all 
conditions. But even that is only the 
beginning. There men are sent out to 
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sibly some mainland. The area may 
or may not already be occupied by the 
Navy, the Army, or the Marine Corps. 
Seabees may have to clear an area of 
enemy forces, and their duty may in
clude holding such an area." 

A powered' pontoon landing barge, loaded to capacity with men, machinery, and tons 
of many kinds of materillls, chugs its way toward shore in practice maneuvers 

To lend authority to this theory of 
action, and to provide practical in
struction, realistic landing parties are 
staged in which the Seabees must 
attain their obj ective against "enemy'· 
troops armed with flour bombs, and 
perhaps entrenched in fortifications 
and equipped with armament. Powered 
pontoon barges are loaded with every
thing the battalion will need for such 
a task on "Island X." The Seabees, too. 
are equipped with flour bombs, and at 
the s ignal, the landing party starts 
towards a windswept, sandy beach, held 
by the "enemy." 

construct something. That means all 
manner of road building and concrete 
machinery ; it calls for welding and 
acetylene cutting apparatus and the 
Diesel, gasoline, and electrical power 
to run them; it means tons of concrete, 
reinforcing iron, and the lumber for 
forms; tanks for the storage of water 
and engine fuel . In short, try to visual
ize a safari of over a thousand men 
with everything they'll need for months 
from toothpaste to aspirin, roast beef 
to a cold glass of beer, work gloves to 
a new pair of pants. Then add your 
list of all conceivable equipment, ma
chinery, and materials to build a city 
in which to live, to carve an airport 
out of a jungle, to build storage bases 
and landing facilities on a coral reef. 
That is a Seabee battalion. 

TO PREPARE the men and officers for 
what they will run into, there are 

five weeks at Camp Bradford, a sprawl
ing wilderness of sand, swamps, and 
pine trees on the Atlantic coast. There 
huts are built and torn down, storage 
tanks ranging in capacity from 1000 
gallons to 10,000 gallons go up section
ally in j ig time, and come down just 
as fast. Stumps are dynamited, carpen
ter crews slap together concrete forms 
just about fast enough to keep ahead 
of the mixing and pouring gangs. 
Roads of steel mesh through the rough 
and sandy country offer engineering 
problems of the first magnitude and 
provide field practice for bulldozers, 
shovels, cranes, scrapers, and for 
welders and their mobile units . The 
amphibious s ide of the Seabees is de
veloped by working with the versatile 
pontoons, from which are built piers, 
bridges, drydocks, and landing barges. 
One important point must be noted. As 
the new battalion passes through the 
screen of officer and instructor obser-
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vation, each man is s ifted into the niche 
for which he is best fitted in this outfit 
of super-specialists. The battalion is 
really an organization of highly trained 
crews of metal workers, carpenters, 
concrete men, welders, and so on. \"!hile 
each group has its specific work to 
perform, it is part of the Seabee scheme 
of things that all will turn to and serve 
as helpers to any other trade. The 
heavy stress laid on this phase of train
ing, and the astuteness with which the 
entire program has been laid out, is 
what makes a battalion of Seabees such 
a closely knit unit, gives it such excel
lent teamwork, and enables it to ac
complish the seemingly impossible in 
faster than record time. 

In the course of an early lecture an 
instructor tells the Seabees that : "The 
purpose and duty of the Construction 
Battal ions are to erect, reconstruct, or 
repair advance bases, or to extend 
existing facilities on an island, or pos-

I N ONE such maneuver two companies 
of Seabees were given the task of 

effecting a landing, clearing the area 
of the enemy, and constructing a 1 500 
foot runway for airplanes on a sandy 
beach, besides establishing their own 
living quarters and bases, providing 
themselves with a supply of fresh 
water, mounting their own guns, and 
making other preparations for a pos
s ible enemy counter-thrust. They were 
allowed 30 hours in which to complete 
the assignment. 

The chugging barges poked thei r  
blunt I,oses as  far toward the beach as 
possible. Hundreds of carpenters, weld
ers, crane men, metal workers, and 
other technicians who, by now, were 
trained combat men in the pink of phy
sical condition, leaped into the sea up 
to their knees and waists, with rifles 
and l ight machine guns, and charged 
toward land. The shore end of the 
barge unfolded into a ramp down which 

On "Island X" Seabees lay steel mesh on sand for road foundations, then camou
flage mesh with finely g round coral, which eventually cakes into hard surface 
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more machine guns and a small field 
gun were trundled to the beach and 
set up. Meanwhile, flour bombs had 
begun to fly in all directions, with en
suing casualties on both sides. Some 
of the precious Seabee machinery and 
material was hit, which invalidated it 
for use in completing the task, and 
several of the men were put out of 
action. The attack was fast and furious 
for a few minutes, but such was the 
impetus and enthusiasm of the fighting 
technicians that the enemy were over
come and captured. 

rSTANTLY the scene changed from that 
of a battlefield to a fast-moving and 

well organized construction camp. Bull
dozers and scrapers came ashore, dyna
mite crews followed surveyors' instruc
tions and blew up stumps, rocks, trees, 
and other obstacles in the proposed 
runway. With perfect precision one 
crew followed another, each acting as 
helpers when not engaged in applying 
its own primary technical skill. A tiny 
village of huts popped up in the pine 
trees l ike magic, the energizing aromas 
of hot coffee and soup came from the 
rolling kitchen, the water evaporator 
went into immediate action to produce 
a fresh water supply from the sea, the 
roar of road machinery and the hum 
of generators competed with the smack 
of busy hammers and the rattling of 
concrete mixers.  

P ractice maneuvers at  Camp Bradfard include frequent use of N avy landing barges, 
service trucks, and many other specia l  forms of mach inery and Seabee equi pment 

In. appropriate places anti-aircraft 
guns were mounted, and a continuous 
stream of crates, bundles, packages, 
and more machinery continued to come 
ashore. In fact, the Navy's Construc
tion Battalions might well be known 
as "the hook-and-eye" service, for 
everything they own or work with is 
equipped with large or small r ings so 
that the cranes �nd derricks, or men, 

can hook into and lift them from trans
port ship to pontoon barge, from barge 
to waiting truck, and from truck to 
proper location. Even the laundry, 
capable of caring for either a 200-bed 
hospital or 900 men in a 16- to .20-hour 
day, comes in three huge "eyed" crates. 
When these are spotted, when pipe and 
other operating connections are made, 
when the water tanks are filled by the 
supply of fresh water from the already 
installed evaporator, and the Diesels 
are fueled, the laundry starts to hum. 

All this and far more those two Sea
bee companies accomplished in the 
limited time allowed for their mock 
invasion. The airfield runway was. 
finished, guns and crews were ready 
for any return of the "enemy," and a 
village of over 1000 men was in full 
operation with water, l ights, power, 
and even medical and dental quarters 

This wil l  soon be a IO,OOO-galion storage  tank. During training, the Seabees put 
them up in record time and then tea r them down again, all for the sake of experience 
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-in the amazing and unbelieveable 
time of 26 hours continuous work. Of 
such men are the Seabees made. 

The determination of those compara
tively few construction men who were 
on Wake, Midway, and other Pacific 
islands when the J aps so ruthlessly 
attacked them burns ever stronger 
within the Seabees .  This is one reason 
for the amazing esprit de corps among 
�his newest of fighting services. Even 
the first battalion to go overseas, soon 
after the Navy directive established 
the Seabees, was imbued with this re
markable fighting spirit from first man 
to last. Their ship was attacked, and 
the fighter-builders proved they were 
not mere super-cargo by helping to 
man the guns which drove the enemy 
away. These seagoing landlubbers can 
build anything anywhere, under any 
conditions, and will fight to prove it. 

DRAWN from every technical walk of 
life, they are among the best in 

the nation. They include many veterans 
of the last war, their sons and nephews. 
Many are men who have given up 
high-salaried positions for a far lower 
income. A Seaman 2nd Class in the 
Seabees receives $54 a month for home 
service and $64.80 while abroad ; a 
Chief Petty Officer commands $126 at 
home, and $161 .20 overseas, so it isn't 
money that activates men to join the 
Navy's Construction Battalions - it's 
something else 

A man becomes a Seabee because he 
has that "something," a "something" 
the Japs and the Nazis, to their regret, 
are going to know far more about be
fore the thousands of men who fight 
with one hand and build with the other 
are through with their business at 
hand. 
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Sa l vag i n g  L i g h t  

of useful lumens. This figure, divided 
by the rated lumens of the lamp or 
lamps, .  is  called the coefficient of utili
zation, or merely "utilization." 

How More Light May Be Su ppl ied to Industria l 

\N orking with such a measurement 
system, preconceived ideas about paint 
and light were put to practical test by 
the research workers. They had avail
able' a test room 1 1  feet 4 inches wide 
by 22 feet long with a lO-foot ceiling, 
illuminated by two SOD-watt silvered 
bowl incandescent lamps on 18-inch 
drop cords. The ceil ing and walls were 
white, the dado was gray, the floor 
was maroon, and the furniture was 
dark mahogany. Industrially, there was 
nothing much wrong with the room, 
except that the white paint had lost 
a great part of its reflection value ; it 
was the sort of room that will be found 
duplicated many times in many places, 
and is shown as an inset in the ac
companying chart. 

Workers Without I ncreasing iCu rrent Consu med 

A. P. P E C K  

By. M
.
EAN S of a sc!entific .use of color 

It IS now practIcal to mcrease the 
illumination from most l ight systems 
100 percent without any change in 
lighting equipment or any increase in 
wattage. That challenging statement 
was made as the result of studies re
cently reported ; the data presented in 
the report, and applications of the 
system investigated by the writer, bear 
out completely the broad claims made. 
This scientific use of color was arrived 
at as a result of continuing research in 
the "three-dimensional seeing" work

' 

reported in the December 1941  issue of 
Scientific American, when properly 
selected paints were being used to tint 
parts of machinery with outstanding 
results in matters of better seeing and 
greater safety. 

In the present work, the investiga
tors, co-operative workers from Du 
Pont and the Philadelphia Electric 
Company, extended the study area 
from the machines themselves to in
clude the entire room, and bent their 
energies to devising colors and color 
combinations that would reflect l ight 
to greatest advantage. 

It is well known, of course, that light 
colored walls increase the illumination 
in a room by reflecting available l ight. 
Actually, however, this method of l ight 
util ization has been sadly neglected in 
the past and only now has been sub
j ected to careful study. In many an 
industrial plant, a well-designed l ight
ing system is robbed of its efficiency by 
dull, dingy ceilings, walls, and floors. 
In others, where walls and ceilings 
have been painted with light-reflecting 
finishes, some of the l ight has been 
salvaged. Even in such cases, however, 
a considerable amount of l ight is lost, 
"blotted up," by dark, drab floors. 

To the uninitiated it might seem, 
off-hand, that the ideal solution to the 
problem of l ight utilization would be 
to paint all surfaces a dazzling white. 
Then the l ight rays could bounce from 
wall to ceil ing to floor in an endless 
cycle of util ization. True enough, such 
treatment would result in extremely 
high values of l ight at the working 
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surfaces, as compared with the wattage 
of the source, but other factors would 
enter that would make the method im
practical . 

First, any surface ' that reflects too 
much l ight will produce glare. Then, 
the psychological effects on the workers 
must be considered ; an all-white room 
would be uncomfortable to work in, 
aside from the glare, and would be 
considered an unpleasant environment. 
Third is the matter of maintenance, a 
factor of great importance in industry, 
where ceil ings and walls cannot be 
painted or cleaned too often without 
undesirable expense and interference 
with normal operations. 

T
H E  WORD "utilization," used above 
and farther on in this article, should 

be explained in its specialized sense 
before it becomes misunderstood. Of 
course, it means "use," but to the 
l ighting engineer it has a definite 
mathematical meaning widely employed 
in his work. Illumination is measured 
in terms of lumens ( l ight units ) per 
square foot falling on an arbitrary 
plane, usually horizontal and 30 inches 
above the floor. The area in square feet 
of this plane, multiplied by the illumi
nation in f09tcandles, gives the number 

W HEN the engineers first started ex-
perimenting with this room, the 

light utilization was only 27 percent. 
When, however, the ceil ing was given a 
coat of light cream paint, with a re
flection factor of 85 percent, the utili
zation coefficient j umped to 33 percent, 
an increase of 22 percent j ust by the 
selection of the correct paint for the 
ceiling alone. 

The next step consisted of applying 
to the sidewalls a neutral green paint 
sl ightly on the yellow s ide in hue, and 
having a reflection factor of 72 percent. 
The original finish had a reflection 
factor of 40 percent and the gray dado 
a factor of 12 percent. This change 
in the sidewall finish resulted in an 
improvement in l ight utilization of 
from 33 to 44 percent. Parenthetically 
it is noted in the technical report on 
this work that the men working in this 
r00111 found the changed color scheme 

Color treatment of mach ines, plus l ight  floor a reas, increases visibil ity 
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quite comfortable and had no adverse 
comments to make. This factor of psy
chological effect on workers cannot be 
too strongly stressed in considering 
light salvage methods . If l ight is saved 
at the expense of mental irritation 
brought on by color effects, the work 
done is useless, or worse. 

After the effect of the s idewall 
change in the test room was fully de
termined, the research workers next 
refinished the floor. which had a re
flection factor of 12 percent, with a 
white deck paint having a reflection 
factor of 85 percent. This . brought the 
room utilization up to 56. 1 percent. 
vVhen the dark mahogany furniture 
was replaced with blond furniture hav
ing a reflection factor of 50 percent, the 
light utilization climbed to 58.5 per
cent, or a total increase of 1 13 percent 
over the light utilization of the original 
room. 

Here was dramatic proof of the abil
ity of engineers to double the effec
tive lighting in a given room with
out increasing the power consumption 
of the l ight source. 

O
NE final change was made in the 
test room which brought the room 

utilization down to 55 percent : In the 
interest of easier maintenance, the 
white floor was stippled with russet 
paint, bringing its reflection factor 
down from 85 to 70 percent. Still, the 
gain was in excess of 100 percent over 
the original. 

This last mentioned matter of reduc
ing the reflection factor of the floor for 
maintenance purposes has one other 
advantage. When the floor surface re
flects more than about 70 percent of 
the l ight impinging on it, the result, 
over a period of time, is l ikely to be 
irritating to the human eye. Our eyes 
are mechanically so constructed-sock
ets, brows. and so on-as to receive 
light from above with the greatest 
comfort. When light in large amounts, 
relative to the total, reaches our eyes 
from below the horizon, a sensation 
of discomfort is created and workers 
cannot produce at their best. 

According to the engineers who did 
the work with the test room, the ex
periments established three things : 
Satisfactory hues may be secured with
out serious sacrifice in reflection prop
erties ; floor and table finishes of 65 
percent reflection factor, or even 
higher, are practical ; coefficients of 
utilization of the order of double the 
present practice can readily be secured 
by the use of high-reflection floor fin
ishes of suitable hue. 

But the test room was by no means 
the end of the work with light salvage. 
The possibilities had been proved and 

The l ight floor of this assembly l ine reflects l ight  to needed places 

next must be applied in practice. In 
the repair machine shop of the Phila
delphia Electric Company the floor 
was coated with a paint having a re- . 
flection factor of 60 percent. This 
change greatly improved the machine
operators' ability to work at the vari
ous machine tools, particularly when 
brass and copper were being fabricated. 
On an aircraft assembly l ine a similar 
paint change gave increased visibil ity 
on the parts under construction. 

Probably the most outstanding ap
plication of this recent research to in
dustry, however, is  in the plant of the 
Ordnance 'Gage Company in Phila
delphia. Here a group of highly skilled 
workmen produce precision instru
ments with tolerances running into the 
infinitely small.  Good seeing is essen
tial . To all machinery has been applied 
the "three-dimensional seeing" system 
of painting mentioned previously. The 
ceiling has been painted white and 
reflects 85 percent of the l ight which 
strikes it. Reflection factor of the buff 
sidewalls is 72 percent, of the green 
dado 50 percent, and of the dust-green 
stippled floor 70 percent. 

T
HE overall effect of this color com
bination is one of striking cheerful

ness and light. The workmen are thor
oughly pleased with their surroundings, 
they l ike the colors and the amount of 
available light, and do not miss an op
portunity to say so in no uncertain 
terms. 

From a careful consideration of the 
investigations described above, it is ap
parent that only by the use of interior 
finishes having a very high reflection 
value can we expect a maximum 
utilization of l ight. This applies j ust as 
well to floors, furniture, machinery, and 

benches as it does to ceilings and side
walls .  S ince these high reflection val
ues do not permit efficient and com
fortable vision through "brightness" 
contrasts, it is obvious that such vision 
must be obtained through contrasts in 
hues. Hence much of the present re
search has been concentrated on paint 
hues, defined as the quality by which 
we distinguish one color from another, 
such as a red from a green, and so on. 

" T  HE function of color," states the 
technical* report of the co-op

erating research workers on this l ight
salvaging program, "as a part of the 
industrial seeing machine is to provide 
a controlled mild stimulation and to 
increase visibility by means of suitable 
contrast. Brilliant colors, such as bright 
red or yellow, stimulate impulsive ac
tion and have their place as danger and 
caution indicators. Under such condi
tions, pronounced stimulation is de
liberately produced in order to get in
stant action. Preventive action must be 
instantaneous if accidents are to be re
duced. Achromatic colors ( gray) have 
a deadening effect if used to the exclu
s ion of chromatic colors, i.e., those 
having hue . . . .  Somewhere in between 
strong chromatic color and achromatic 
color lies the position of continuous, 
comfortable, accurate vision with a 
minimum of fatigue. The need of the 
correct degree of stimulation within the 
working area cannot be disputed. It is 
equally essential, however, that the 
hue and brightness of the surround
ings, including floor and ceilings, must 
be of such character as to emphasize 
a return of the eyes to the working 

*Readers who are interested in more specific 
details on this subject will be referred to tech
nical sources on request to the author. 

FEB R UARY 1 943 SCIE N TIFIC AMERICA N 59 



--------------------------S C I E N C E  I N  I N D U S T R Y--------------------------

ST E PS TA KEN TO � ! /� 
SALVAGE WASTE LIGHT 't--L-

IN EXPE R I M E NTAL ROOM 
. F>--

L I GHT REF LECTION . . • . . • •  PERCENT V· :ff,� ,,� ' : " .. � 0'\' , '" .1.' � .. , �., ", 
A r "' 

CEILING WA LLS f"LOOR L I GHT FURN ITURE UTI L I Z AT I O N  
START 65 4 0  1 2  20 

Z. 85 40 , z.  e o  

.3 85 72 I Z.  2. 0  
4 85 7Z 70 2 0  
5 8S 7Z 70 5 0  

0 10 20 30 -to SO 60 
� IMPROVEMENT lJUE 'SAL VAG£.'.' . . . . .  102 7- " r: � C [NT TO 
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area and to have their greatest comfort 
while there. In addition, these areas 
should have an adequate reflection val
ue to insure the maximum use of mul
tiple reflections . . . .  " 

The investigators of salvaged l ight 
sum up their report, which they empha
size is a record of progress rather than 
an ultimate solution, with the following 
facts : 

"That carefully selected hue contrast 
will effectively augment brightness 
contrast for comfortable, accurate, con
tinuous vision. 

"That it is quite feasible to use 
much higher reflection factors on 
floors and walls, without discomfort, 
than has hitherto been considered pos
sible. 

"That the use of color does not 

REGI M E N T I N G  ATOM S  

I n  Search for Better 

Transformer Cores 

• 

SEEKING a better magnetic material 
for transformer cores, a physicist at the 
Westinghouse Research Laboratories 
is "drilling" atoms as if they were a 
squad of Army recruits on the parade 
ground. 

By melting and then slowly cooling 
an iron-aluminum alloy, Dr. Sidney 
Siege gets atoms of the two metals to 
line up as orderly as well-trained 
soldiers. When they are arranged this 
way, the atoms exert their magnetic 
force together. Ultimate success of this 
work may increase the e.fficiency of 
electric transformers-the voltage
changers that are the key l inks in the 
alternating current system of power 
transmission. As a result, transformers 
will he ahle to do more work for their 

necessarily mean a great sacrifice in re
flection factor. 

"That the use of multiple reflections 
makes possible a degree of l ight utiliza
tion far in excess of existing experience 
with a consequent reduction in the need 
of critical materials and an increased 
return from the electrical power used." 

Thus it will be seen that salvaging 
light for victory holds outstanding pos
s ibilities when approached from a 
scientific viewpoint. Color as well as 
reflection quality of paint used in the 
process must be considered. And plan
ning, to be most effective, must take in 
all surfaces, from ceiling to floor to 
furniture to machinery. When these are 
knitted into a light-salvaging whole, 
better seeing conditions will result 
without increased l ight bills. 

• • 

s ize. This will save copper and steel, 
make it easier to transport and install 
transformers, and eventually reduce the 
cost of transmitting electricity to 
homes and factories. 

"A metal rod, 96 percent iron and 
. 4 percent aluminum, is placed in an 

eight-inch deep porcelain crucible 
shaped l ike a test tube," Dr. S iegel 
said in describing his work, which is 
illustrated on our front cover. "Then 
a cylindrical electric induction furnace 
is lowered to surround the crucible 
which is held in a vertical position. 

"After the furnace melts the metal, 
the heating unit is raised slowly from 
around the tube by clockwork, at the 
rate of an inch an hour. Complete 
cooling of the metal takes all day." 

Slow cooling makes the rod a single 
large crystal in which the atoms are 
piled up in neat layers, j ust as sugar 
cubes can be stacked in a box, the 
Westinghouse physicist said. In such a 

crystal the magnetism of each atom 
points in a single direction, producing 
the maximum magnetic properties for 
that material. Normally, a molten metal 
cools quickly and the atoms are piled 
helter-skelter with their magnetic 
forces exerted in many different direc
tions. These forces counteract each 
other so that the magnetic effect is 
considerably smaller. 

Sl ices from the crystals are used in 
electrical tests to determine how effi
cient a magnet the material will make. 
With these slices Dr. S iegel builds one
inch square transformer cores, hollow 
in the center. The cores are built so 
that the magnetic forces point along 
the edges of the square as if pursuing 
each other. 

Dr. Siegel intends to test other iron 
alloys until he finds the mixture that 
will give him the best possible mag
netic material for use in transformers. 
It would be impractical, if not impos
sible, to make single crystals large 
enough for commercial transformer 
cores, he pointed out, but the material 
which tests best as a s ingle crystal will 
probably be best when developed for 
commercial use. 

Dr. S iegel's work is a continuation 
of 'vVestinghouse research which re
sulted in development of Hipersil, an 
iron-silicon combination that is a one 
third better conductor of magnetism 
than any material used previously in 
transformers. 

ST E E L  MAKING  

Receives Electronic Science 

With Open Arms 

ELECTRICAL engineers of the iron and 
steel industry have been among the 
most receptive users of new applica
tions of electronic tubes and photo 
cells-employing these devices in many 
ways to control their industrial proc
esses. 

As a result of this open-minded atti
tude toward electronic-tube apparatus 
on the part of the steel engineers, elec
tronic devices now play an important 
role all along the line of steel produc
tion and fabrication. 

This wide use of tube devices by the 
steel makers-an industry well-known 
for inflicting the most severe industrial 
punishment on its equipment-is there
fore striking testimony to the fine per
formance of electronic equipment under 
terrific industrial stress. 

And since steel making also involves 
enormous and heavy costly machines, 
continuously handling tons of molten 
metal at incandescent temperatures, the 
absolute confidence imposed in elec
tronic devices to control these great 
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mechanisms, gives proof of the de
pendability and durabil ity of present 
electronic apparatus . 

In the production of steel, photo 
cells are used in both the open-hearth 
and Bessemer processes. In the case of 
open-hearth furnaces, it is important 
to get the temperature as high as possi
ble, yet not to endanger the melting or 
breakdown of the furnace and furnace 
roof. 

Photo-cell instruments enable furnace 
and roof temperatures to be continu
ously and accurately checked, so that 
safe limits are not exceeded. 

In the Bessemer process, a critical 
index is the color of the flame from 
the converter, determining when the 
exact instant arrives for shutting off 
the "blow." Formerly, trained experts 
were necessary to supervise this opera
tion and to judge the color changes 
exactly. Now, photo-cell color compar
ators are employed which detect the 
exact color-changes watched for, and 
give mistake-proof s ignals when neces
sary chemical reactions have been com
pleted. 

Reversing mills and cut-off saws are 
now photo-cell controlled. As huge 
incandescent billets come cut from be
tween the rolls, a photo-cell catches 
sight of the red-hot mass of metals and, 
at the precise instant, reverses the 
mechanism to send the billet back again 
through the rolls .  Cut-off saws operate 
in the same way, actuated by either hot 
or cold material. 

Strip width and centering are also 
electronically controlled in modern steel 
mills, eliminating close human atten
tion. For scanning strip for pinholes, 
photo-cells take the place of human 
eyes and throw out defective sections. 
Many electronic tubes are also used 
in connection with control relays.
O restes H. Caldwell, Editor of Elec
tronic I ndllstries. 

C R E E P  TEST 

Gives N e w  Data to 

Turbine Designers 

A I OO,OOO- H OUR high-temperature 
creep test-the longest on record-for 
four rods of high-strength alloy steel, 
begun when Herbert Hoover was in 
the White House, was recently com
pleted� by the General Electric Com
pany. The four rods represented one 
of the best known alloy steels for 
high-strength forgings and bolts re
quired in the manufacture of steam 
turbines. 

The test was made to determine what 
stresses could be used at temperatures 
where all materials are plastic, without 
causing deformations larger than the 

minute values tolerable in high-speed 
machines . 

A test of this  duration also provides 
a means for studying the changes in the 
characteristics of the metal under pro
longed conditions of high temperature 
and stress, and determines whether the 
material becomes stronger or weaker 
during the 1 1  years or the 100,000-hour 

period. Such tests are necessary for 
. improving the design of steam turbines 

so they can operate at higher tempera
tures. 

The rods tested were each four-foot 
specimens of nickel-chrome-moly steel 
( S .A.E. 4340 ) ,  0.505 inch in diameter. 
A 12-inch portion at the center of each 
rod constituted the test area. Tempera
ture of the furnace was maintained at 
842 degrees, Fahrenheit ; the rods were 
subjected to constant stresses of 1 3,000, 
17,000, 21 ,000, and 25,000 pounds per 
square inch respectively. In the 100-
000 hours the No. 1 rod with the con
stant stress of 13 ,000 pounds per square 
inch stretched 0.928 mils per inch of 
length, or about one thousandth of the 
12-inch portion tested. Extensions of 
the other three rods were 1 .398, 2.729, 

. and 4. 166 mils per inch of length. 

PALLADI U M  

Will  Find Increased 

Use in Jewelry 

C OM MENTING on the
' recent order of 

the War Production Board restricting 
the use of platinum in j ewelry, Charles 
Engelhard, of Baker and Company, 
Inc., leading authority on platinum 
metals in the United States, concurs 
in the recommendation of the Board 
concerning the use of gold and palla
dium instead of platinum. He states 
that the j ewelry trade is indeed for
tunate in that it has available, without 
restriction as to its use, ample supplies 
of these metals. 

Mr. Engelhard advises that "palla
dium is available in sufficient quanti
ties to furnish the jewelry trade with 
a satisfactory alternate for platinum, 
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Left: A fina l check i s  mode on the 
creep-test rods before remova l from 
the furnace. Above: Withdrawing the 
f irst of the four  IDD,DDO-hour test rods 

and that the major sources of supply 
lie in Canada, Alaska, and South 
America. Even though palladium is 
more rare than gold or platinum, as 
considered from the point of view of re
covery from ores or other natural de
pos its, it is today possible to effect its 
recovery in worthwhile commercial 
quantities by modern metallurgical pro
cesses developed over the last decade." 

He added that "palladium has been 
used for jewelry manufacture, some
times in alloy form with other mem
bers of the platinum family. These 
alloys have the required strength and 
hardness for rings, and for the setting 
of gems with security, and they can 
be readily worked into delicate, lacy 
designs for pins, brooches,  and other 
larger pieces ." 

Palladium is lighter: in weight than 
platinum, is about as heavy as 14K 
yellow gold, and has a current market 
value approximating 70 percent that 
of platinum. Its color is admirably 
suited for the setting of diamonds and 
it harmonizes with the colors of other 
gems. 

PI N E  P LASTI C  

Resin and Vegetable Fibers in  

Newly Announced Material 

A NEW plastic composition, which 
can replace steel or other metals in 
many uses, has been developed from 
vegetable fibers and a resin from 
Southern pine trees, according to G. R. 
Stark, vice-president of The Patent and 
Licensing Corporation. Mr. Stark said 
that the resin is made only by Hercules 
Powder C0mpany from the wood of 
the Southern pine in its naval stores 
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plants in Georgia and Mississippi, and . 
is now available without priorities . 

Announcement of the new plastic 
followed within three months the an
nouncement by Hercules chemists of 
another plastic, soft ethyl cellulose, 
found suitable to replace rubber in 
many articles . 

Lightweight but sturdy, these new 
compositions can be used instead. of 
steel or other metal for many purposes 
such as structural members, pipe, wall 
panels, air conditioning ducts, corru
gated sheets, and so on. 

To make this plastic, the reS1l1-
treated fiber is turned out in sheets 
on standard paper-making machinery. 
These sheets are hydraulically pressed 
together to make compositions which 
are hard, dense, stiff. but not brittle .  

S Y N T H ETIC  CO R U N D U M  

White Sapphire Now 

Man-Made-in-America 

SYNTHETIC white sapphire-the min
eraI corundum unpigmented and of 
gem quality-is now available in the 
form of boules, each weighing at least 
1 50 carats and of a regular cylindrical 
shape, enabling gem cutters to stand
ardize on cutting and sawing pro
cedures. Instigated by the need of a 
domestic source of industrial gems, 
the manufacturer, The Linde Air Prod
ucts Company; in less than two years 
equalled and, in some respects, has sur
passed the quality of European gems, 
formerly the only synthetics obtainable . 
S ince domestic production started, it 
has grown so that it is now capable of 
handling the entire mil itary demand 
for all the United Nations . 

Mineralogically, the hardness of the 
American white sapphire is exceeded 
only by the diamond. Once they are 
cut, the j ewels are also surprisingly 
tough in terms of resistance to break
age by impact. Moreover, because they 
have a melting point of over 3700 de
grees, Fahrenheit, they are also heat 
resistant to a high degree. An addi
tional advantage is  the boules' uni
formity of size and shape, which leads 
to economical cutting. 

Many essential uses are already 
being made of jewels cut from these 
synthetic boules. Among locations 
where they serve economically are as 
the jewel bearings of chronometers,  
compasses, and electrical, fire-control. 
and aircraft instruments. In such in
struments, they are employed in the 
form of ring bearings or V-type and 
cup-type end bearings. Pallets are also 
made for watch escapements. 

Other successful, although still ex
perimental, uses of the white sap-
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phires are as thread guides in the 
manufacture of rayon, as orifices for 
flow meters and oil-burning equipment, 
and as insulators in gas-filled or 
vacuum thermionic devices. Indica
tions are that they are also suitable 
for use as Diesel-engine injector noz-

American -made synthetic sapphire 
boules. At left i s  a 200-carat boule 
typical  of p resent commercia l  produc
tion, while at r ight is one of the larg 
est sapphi res yet made-350 carats 

zles, as rollers for small needle bear
ings, and for cutting-tool tips to per
form high speed finishing operations on 
certain non-ferrous metals .  Their com
plete chemical inactivity when exposed 
to all types of corrosion, except strong 
mineral acids and alkalies, may suggest 
additional uses to designers of chemical 
equipment. 

• • • 

PRESERVAT ION-The value of wood pres-
ervation-both for war and civilian use 

-is being real ized, as  ind icated by the fact 
that in  1 94 1  an increase of 20 percent was' 
recorded over 1 940 in the amount of wood 
preservation. 

• • 

SA BOTAGE 

War-Production Lines Are 

Well Protected 

• 

S ABOTEURS aren't going to have much 
chance to throw monkey wrenches into 
America's fast moving war-production 
line, if government plant protection 
officers have anything to say about it. 
Precautions being taken against enemy 
agents in war plants were described 
recently by Lt. Colonel James C.  
Sawders, chief of the plant protection 
and safety branch of the Chemical 
Warfare service. 

Special attention is being given in 
all plants working on war orders to 

fire prevention, fencing, and protective 
l ighting, investigation of personnel . 
hiring of new employes, adequate plant 
guard forces, and protection of confi
dential documents,  blueprints, and spe
cial tools, Col. Sawders  said. Vital 
plant facil ities and equipment such as 
water supplies, power plants, and stores 
of industrial explosives are being 
closely guarded, he added. 

Speaking of hiring practices in war 
plants, Col. Sawders said : "It is highly 
important that we know a lot about 
the people who work on important con
tracts.  The infiltration of enemy spies 
into plants in positions of trust must be 
a voided at all costs. All employes in 
plants working on government con
tracts are now fingerprinted and a good 
portion are given physical examina
tions. vVe are particularly interested 
in  the examination of food handlers 
since it is most essential that they have 
no communicable diseases." 

Col. Sawders mentioned that good 
plant guards are hard to get. He de
fined good guards as alert and vigorous 
men of good health between the ages 
of 30 and 45. "Younger men are all 
right but men of more mature judgment 
are preferable," he said. 

"I believe there are comparatively 
few misguided idiots who think our 
enemies are trying to build a better 
world or who. for pecuniary considera
tions are willing to risk their necks," 
Col .  Sawders said, "but this does not 
mitigate the possibilities of sabotage 
and we must be continously on the 
alert. You never can tell when, where, 
or how those fellows will strike and 
you may be sure they will strike in 
places where it will hurt most, parti
cularly if they are directed by enemy 
agents who are never selected for their 
work unless they are people of con
siderable talent." 

PROTECTIVE CLOT H ES 

Are Flame-Proof, Resistant 

to Wear and Tear 

A NEW type of protective industrial 
clothing known as Ply Garb is  flame
proof, preventing serious inj ury from 
spontaneous magnesium fires and in 
other hazardous manufacturing opera
tions. Made of featherweight but tough. 
plast ic. laminated cotton cloth . Ply 
Garb sleeves and aprons offer maxi-

. 

111um comfort and freedom of move
ment. The sleeves feature special air 
vents to guard against excess ive per
spiration. Ply Garb fabric is said to be 
sturdy enough to resist tears, snags 
on rough surfaces, and cracking. It is 
flexible enough, however, to resist wear 
and afford complete comfort. 
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I N D U ST R IAL 
TR E N DS 

THE FUTURE I N  THE AIR 

S UNDAY supplements and occasional pieces in the daily 
press have p ictured the aircraft industry in general as being 
in the chrysalis stage of becoming the transportation means 
of the future, awaiting only the end of "World War II to 
burst forth and take over the entire j ob of railroads, auto
motive highway vehicles, and steamships. In particular, 
these purveyors of news have dwelt on the cargo-carrying 
possibilities of the future, predicting all sorts of fantastic 
types, capacities, and species. 

There is no doubt that the airlines, the aircraft industry, 
and cargo carrying by air will leap forward after the war, 
stimulated by lessons learned and problems solved under 
the stress of military necessity. How far these components 
of air transportation will leap, however, is subj ect matter 
for calm, serious thinking, based on past performances and 
present operations ( so far as they are kilown under the 
limitations of military secrecy ) . 

Probably the best way to guide such thinking is to har7 
vest and digest a gwup of present and post-war "straws in 
the wind," gleaned largely from airline and aircraft manu
facturer's reports, from the recent Air Cargo Engineering 
meeting of the Society of Automotive Engineers, held in 
Chicago, and elsewhere. Thus : 

On the Airline Front : So great has become the demand 
for air cargo space that new commercial all-cargo schedules 
have been put into effect by many of the major l ines. These 
services must not be confused with the military cargo serv
ice that the same lines are operating under the Air Transport 
Command of the Army Air Forces . This new service is 
strictly commercial. . . .  Although the airlines have only 
half as many planes available as formerly, the heavy volume 
of business may be enough to enable the airl ines to handle 
at least as much commercial business as they did a year ago, 
if not more . . . .  By the end of 1943, Army Air Force 
commanders have indicated, air cargo transportation will 
approach, if not reach, parity with wartime ocean shipping. 
. . .  One airline says that, although at the time of reporting 
they had only 3600 employees, the j obs they had been given 
to do would require expansion to possibly 10,000 employees. 
. . .  Compare this with the total personnel of all United 
States air transport groups, as reported by the Civil Aero
nautics Board, of 23,890, as of June 30, 194 1 .  . . .  While 
practical airline operators do not share the over-optimistic 
views of some regarding the future, they are all certain 
of a substantial increase in business, once equipment and 
manpower are made available to them . . . .  Again referring 
to the CAB : It is their estimate that, assuming normal prog
ress, and using as a basis the 12-month period ending April 
30, 1942, six billion passenger miles will be flown annually 
by 1946, on domestic airl ines . During the 1941 -42 period 
mentionecl only one and one-half billion revenue passenger 
miles were flown . . . .  To do this j ob the Board states that 
a seating capacity of 25 ,000 will be required, or the equiva
lent of 1200 planes of the size of the DC-3. This would be 
about five times the capacity of the 1941 domestic airline 
Heet. . . . In international operations, and with similar 
qualifications as for domestic work, the Board estimates 
that, shortly after the war, international passenger traffic, 
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under American-flag. operation, will increase at least six 
times ; mail and express at least eight times. 

From the Standpoint of the Aircraft Industry : Prepara
tions for post-war work have gone by the board, but 
experience in military construction has shown that 100-ton 
cargo planes are entirely poss ible . . . .  They may not be in 
use tomorrow or even next year, but the manufacturers are 
doing something about them . . . .  For post-war continuance 
of operations, manufacturers of training planes will be 
in the forefront for making private planes ; bomber and 
cargo ship builders will be in the driver's seat as far as 
passenger and freight l iners are concerned . .  " . .  However, 
success in these fields will largely be determined by the 
government's action regarding excess military planes.  If 
thousands of training planes, bombers, and cargo planes 
are dumped on the market at a fraction of their cost, many 
manufacturers will be hard-put to weather the storm . . . .  
On the other hand, if government decree is-as many of 
us hope-to maintain a large air force after the war, a 
certain amount of military manufacturing will be carried 
on and there will be l ittle or no dumping of planes. . . . 
American manufacturers of large numbers of war-time 
cargo planes have one advantage in the international field : 
No other member of the United Nations is now building 
such equipment, and hence will not be in a position to 
compete in post-war markets . . . .  Cost of manufacture is 
a factor that will bear close watching after the war. Opera
tions today are largely "regardless of cost." Later, they 
will have to be governed by the one element that today is 
disregarded. 

More About Cargo Carrying : Intensive developments in 
military cargo planes will probably form the basis of post
war operations . . . . Planes now available for huge military 
cargoes will be tailor-made for peace-time work. . . .  Cargo 
planes will not necessarily all be large. They will be built 
for specific services, the larger planes being used for long 
ranges where their greatest economy will be available . . . .  
While planes will not supplant other shipping methods, 
thev will become invaluable adj uncts . . . . Cargo plane 
design will evolve as time goes on. Possible features of 
future ships will include high-wing construction for con
venience and safety on the ground ; tricycle landing gear 
for level position of fuselage when being loaded ; box-like 
cargo compartment with large loading doors, smoke de
tectors, and automatic fire-extinguishing means. 

The foregoing constitutes a pre-selected bird's-eye view 
of the whole situation of aerial transportation, as it appears 
today from this' vantage point. Subject to change as tech
nological developments dictate, and as governmental policies 
on the sale of materials, on taxation of the industry, and 
on the maintenance of adequate air fighting forces develop, 
it gives a basis on which to predicate future trends. 

RAM I E  O N  THE WAY 

T EmLE development, urged on by war requirements, is 
br inging forward ramie, formerly obtained almost exclu
s ively from China, but now being grown in Florida. This 
fiber, subj ected to scientific study and experiment, is  now 
produced in extremely pliable form, soft, white, and s ilky. 
As formerly processed it  was durable but not sufficiently 
flexible for many purposes. Although ramie fiber can be 
used alone, probable applications of it in the future will 
be as a blend with other fibers. For example, it is stated 
that, mixed with wool . ramie gives better wearing qualities 
and prevents shrinkage when the fabric is laundered or 
soaked with water. 
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Two  New D i s c ov e r ies 

A New Star, 1 00,000 Times as Bright  as  the 

Sun; a n d  an Old Cometa ry Puzzle Solved 

H EN R Y  NO R R IS R U SSE L L ,  P h . D .  
Head of the Department of Astronomy and Director of the Observa
tory at Princeton University. Research Associate of the Mount 
Wilson Observatory of the Carnegie I nstitution of Washington 

Two recent astronomical develop
ments, though unrelated, may be 

described this month. 
The most notable, of course, is the 

appearance of a brill iant nova in the 
southern constellation, Puppis. It ap
pears to have been first noticed by 
Dawson, at Cordoba, Argentina, on the 
morning of November 9th, when it was 
a l ittle fainter than the first magnitude. 
During the next two days it increased 
in brightness, and was independently 
discovered by half a dozen or more 
astronomers-amateur and professional 
-before the news was sent out from 
the astronomers' "news center" at Har
vard the next day. Its maximum bright
ness, according to reports so far avail
able, was about 0.4, surpassing Procyon 
and nearly equal to Rigel ; then it faded 
rapidly, and at the time of writing it is 
barely, if at all, visible to the unaided 
eye. 

Had it appeared four months later, 
it would probably have been inde
pendently discovered by scores of peo
pIe ; but at the time of discovery it 
crossed the meridian at about 5 :30 
A.M. by "war time" and rose above 
the haze of the horizon perhaps an hour 
and a half earlier, so that only early 
risers had a chance at it. 

It was well within the range of the 
great observatories, and spectra were 
promptly obtained. They showed the 
characteristic wide emission bands, 
with unusually wide absorption lines 
to the violet, indicating that, as in other 
novae, an expanding shell or envelope 
of gas is moving outward from the star 
at velocities of the order of 1000 kil
ometers per second. 

Lines of hydrogen, ionized iron, 
titanium, magnesium and silicon, and 
of neutral oxygen have been identified 
-which shows that we have to deal 
with an ordinary nova spectrum and 
not with the supernova type in which 
the wide bands have not yet been iden
tified. The rate of expansion, too, is 
moderate for a nova, and by itself does 

not indicate an outburst of exceptional 
violence. However, the actual luminos
ity at maximum must have been high, 
for the interstellar H and K lines of 
calcium are strong, indicating a great 
distance, which was provisionally esti
mated, at the Univers ity of Michigan, 
as 1600 light-years. This is of the same 
order of magnitude as those which have 
been derived for other bright novae of 
recent years, and makes its absolute 
magnitude about -8 at maximum
corresponding to 100,000 times the 
light of the Sun. 

Before the outburst, this star was 
exceedingly faint. No trace of it has 
been found on plates taken with the 
great 24-inch camera of the Harvard 
Station at Bloemfontein, which, with 
an exposure of three hours, go down 
almost to the 18th magnitude. It must 
then have been more than 17 magni
tudes fainter than at maximum-that 
is, hardly more than one ten-millionth 
part as bright-and may have been 
fainter still. With the estimated dis
tance, this gives a real brightness less 
than one percent of the Sun's, making 
it emphatically a dwarf star. Whether 
it was a white dwarf or an ordinary red 
one, we shall probably never know. But 
this huge increase in brightness is al
most without precedent. Nevertheless, 
all the evidence, though still scanty at 
the time of writing, indicates that this 
I S  an ordinary nova, though a bright 
one. 

I N DUE time, our knowledge of this 
nova should be detailed. It will be 

observable from northern latitudes for 
four months to come, and from south
ern observatories practically the year 
round, so that there should be no seri
ous gaps in the record. 

Meanwhile, we may consider a quite 
different, and rather puzzling, aspect of 
the general problem of novae. During 
the first half of the 20th Century-with 
eight years still to run-there have 
appeared seven novae which, at maxi-

mum, were of the second magnitude or 
brighter. Nova Persei of 1901 reached 
the magnitude 0.0 ; Nova Aquilae, 
1918, rose to - 1 .4 ;  Nova Cygni, 1920, 
to 1 . 5 ; Nova Pictoris, 1925, to 1 .0 ; 
Nova Herculis, 1934, to 1 .0 ; Nova 
Lacertae, 1936, to 2.2, and 1942 brings 
Nova Puppis of magnitude 0.4. This is 
at the rate of one nova in s ix years, 
or 16 per century. Yet during the whole 
19th Century only two new stars were 
ever as bright as this-Nova Coronae 
Borealis of 1866, which reached the 
second magnitude, and Eta Carinae, 
which for some years about 1843 was 
brighter than Canopus and of magni
tude - 1 .  The latter, with its slow and 
irregular variations ( it is now of the 
8th magnitude ) should not be regarded 
as in the same class as ordinary novae. 

Three galactic supernovae are on 
record, Kepler's in Ophiuchus ( 1604) , 
Tycho's in Cassiopeia ( 1 572) ,  and, 
brightest of all, the one in Taurus 
( 1054) which formed the Crab N ebu
la. All these appeared brighter than 
Jupiter, and far exceeded any fixed 
star . Apart from these, the three 
brightest of recorded novae have all 
appeared within l iving memory and 
one of them is now fading in the skies. 

N
OT a s ingle reliable record of a nova 

has come down from the 18th Cen
tury. It might be argued ( though with 
no great plausibil ity ) that astronomers 
then were fewer and less on the watch. 
But this explanation can hardly be 
applied to the 19th Century, when as
tronomers, though not so numerous as 
today, were much more used to looking 
directly at the skies, and had on the 
average a much better personal ac
quaintance with the constellations. The 
suggestion that during the century a 
dozen or so temporary stars appeared, 
bright enough to be conspicuous to 
the most casual glance, and to change 
the familiar pattern of the constella
tion in which they were found, and 
that not one of them was noticed by 
professional astronomer, amateur or 
mariner-except one faintish object in 
1866-is quite unbelievable. It is  hard 
to escape the conclusion that the reason 
why no novae of the first magnitude 
were observed in the last century is 
because none were visible. 

There is of course a possibility that 
a bright nova appeared in some part of 
the sky which was close to the Sun at 
the time, and faded out before this 
region got clear of the dawn. This 
almost happened; in fact, for the super
nova of 1054. But the list of 20th Cen
tury novae includes those actually ob
served and would be equally subject to 
such vicissitudes. 

I t seems, therefore, that the accumu-
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Iation of bright novae in the first part 
of the present century is merely a mat
ter of chance. It would be hard to 
think of any phenomenon that could 
be more certainly trusted to be "at 
random" than the appearance of a nova. 
The actual outbursts of the stars take 
place in regions of space hundreds of 
l ight-years apart, and it is almost in
conceivable that one could influence 
another .  Moreover, we record, not the 
time of the catastrophe, but the time 
when we saw it, after many centuries 
of light-travel. Observers 50 l ight-years 
from the Earth-only a small fraction 
of the distance of the novae-would 
see some of them 50 years earlier than 
we, and others 50 years later ; and the 
order of their appearances, and the 
bunching of these in time, would be 
very different. 

We can not be sure, however, 
whether the dearth of novae in the 
19th Century, or the plethora in the 
20th, is more nearly representative of 
the general average. If they keep on 
appearing at the same average rate for 
the next 40 years or so, our successors 
may shift to the view that the queer 
run of luck happened in the 19th Cen
tury. 

Or perhaps they may turn to the 
principle familiar to every lawyer. 
that the testimony of many trustworthy 
witnesses who swear that they didn't 
see something, does not count against 
that of one trustworthy man who 
swears that he did, unless it can be 
proved that the first lot of folks were 
looking the right way ! 

C
OMING back to the solar system, we 

may note a second important dis
covery-one regarding the spectra of 
comets. 

Most of the bright l ines and bands 
III cometary spectra have been identi
fied, anrl arise from compounds of the 
familiar l ight elements, C2, CH, CN, 
NH, OH, and so on-all molecules 
composed of two atoms only-frag
ments of the molecules familiar in the 
chemical laboratory, which are partly 
but not completely dissociated or de
composed, probably by the action of 
very short-wave ultra-violet light from 
the Sun. One group of bands, com
posed of lines so closely packed that 
each group looked l ike a wide line, in 
the vicinity of 4050A, has defied iden
tification. 

Swings, comparing the spectra of 
comets at different distances from the 
Sun, found that, for those outside the 
orbit of Mars, the unknown bands were 
strong, and the well known bands of 
CH at ).43 1 3  were very weak. At the 
Earth's distances, the former are about 
the same, but the latter stronger ; at 

, X �( )SO �roup 

Courtesy The Astrophysical Journal 

Fe 
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Comparison of two spectra, the upper that from a laboratory 
experiment by Herzberg, the lower that of a typical comet 

Venus' distance, the two are equal : 
and, for a comet observed inside Mer
cury's orbit, the unknown bands were 
very weak and the others strong. 

The strengthening of the CH bands, 
which are known to be produced by 
a product of dissociation, as the in
tensity of the sunlight increases, is easy 
to understand, while the weakening of 
the 4050 group suggests that they may 
be produced by some substance which 
tends to be decomposed by the more 
intense radiation. 

Following this clue, Herzberg, of the 
University of Saskatchewan, showed 
that the structure of the bands is what 
might be expected in the spectrum of 
a molecule containing not two, but 
three, atoms ( provided that the three 
are nearly, but not quite, in a straight 
line ) . From the close spacing of the 
bands, it followed that this molecule 
had a very small moment of inertia
which would be possible only if the 
two outer atoms were hydrogen. This 
reasoning suggested that the molecules 
might be CH2. To settle the question, 
it was necessary to produce the spec
trum of this molecule in the laboratory 
-and here Dr. Herzberg's well-known 
skill has scored again. The obvious 
suggestion was to use methane gas, 
CH. ; but, on introducing this into an 
ordinary vacuum tube, only the spectra 
of atomic and molecular hydrogen were 
obtained with faint bands of CH. 
Evidently the methane molecules were 
being so badly abused by the dis
charge that they quite fell apart. 
leaving only a few in the last stage 
preceding complete decomposition. It 
was noticed, however, that immediately 
after turning on the discharge the l ight 
emitted was of a bluish-white color, 
which soon turned pinkish. This sug
gested using a tube through which the 
methane was streaming continuously-

flowing in at one end and pumped out 
at the other-and turning the discharge 
on for a fraction of a second every few 
seconds. The spectrum of such an in
terrupted discharge showed a new 
group of . bands, which proved to be 
identical in detail with the ),,4050 group 
observed in comets. 

It is evident that this spectrum must 
be emitted by methane or one of its 
decomposition products CH4, CH3, or 
CH2. From the conditions of its pro
duction, it is probable that it comes 
from the last of these stages. The 
question can be settled by a detailed 
analysis of the structure of the bands 
-resolving them into separate l ines 
by a powerful spectroscope-and Herz
berg reports that this investigation is 
now under way. 

T
HE LAST important puzzle in com-
etary spectra is thus cleared up. I ts 

solution presents a fine example of the 
combination of results obtained in quite 
different ways. The astronomer, ob
serving the faint l ight of comets with 
spectroscopes especially designed to be 
powerful enough to get results, but not 
so powerful that they would be un
able to get a developable image in the 
available exposure time, discovered the 
relation between the intensity of the 
bands and the comet's distance from 
the Sun. The theoretical physicist, em
ploying the intricate theory of the 
spectra of polyatomic molecules, found 
that the cometary bands probably arose 
from a molecule of three atoms, two of 
which were hydrogen. Being also a 
first-rate laboratory spectroscopist, he 
devised conditions in which just these 
partially dissociated molecules were 
present in large numbers in his tube, 
observed their spectra, and completed 
the proof.-Princeton University Ob
servatory, December 4,  1942. 
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C e l e s t i a l  N av i g a t i o  n 
A Specimen of the Kind of Stud ies which the Youth 

of the Marine and Air Services a re now Pursu ing 

E .  B .  C OLL INS 
Nautical Scientist, 

Hydrographic Department, Navy Department 

TODA Y, the anxious plight of a war
torn world calls for the supreme 

effort from every qualified navigator 
to aid in the safe guidance of our 
loaded surface ships over the uncertain 
waters of the world's seven seas, and, 
in addition, the shaping of courses for 
aircraft on long-range combat flights 
above or below the clouds. 

The strenuous war program neces
sitates an extremely simple and ele
mentary method for the rapid training 
of hundreds of youthful navigators. 
This calls for practical, simple, and 
uninvolved instruction. 

The principles of celestial naviga
tion are based on the science of nauti
cal astronomy, but young mariners need 
not be astronomers, though they must 
become familiar with certain technical 
terms, also with the general nature of 
the universe with which they deal . 

Therefore the beginner is concerned 
only with two revolving spheres, the 
rotating earth turning eastward on its 
axis, and the great celestial dome of 
stars, rotating on the same axis ex
tended and appearing, because of the 
earth's eastward rotation, to turn 
westward around the earth. 

Vertically over the navigator's head 
on this celestial dome is his zenith. 
All points directly over other points on 
the earth's surface are the zeniths of 
those points. The geographical posi
tion, then, of any heavenly body with 
relation to the earth is a point on its 
surface that has the celestial body in 
its zenith. This point is determined by 
its co-ordinate of latitude, which is 
equal to · the declination of the body, 
and its other co-ordinate of longitude, 
which is equal to the Greenwich hour 
angle of the body. All co-ordinates for 
any heavenly body seen at any given 
instant of Greenwich meridian time 
are recorded with respect to the 
equinoctial in the seaman's Nautical 
Almanac issued annually by the 
United States Naval Observatory, at 
Washington. 

The mariner at sea invariably deal � 

directly with obj ects seen on or above 
his horizon, and with imaginary 
circles passing through his zenith, 
called vertical circles. The azimuth, or 
true bearing of a celestial body in the 
sky, is the angle at his zenith measured 
by an arc of the horizon betweeIf his 
meridian and the vertical circle pass
ing through the sun or star. The true 
altitude is the angular distance 111 arc 

Figure 7: I n tersect ing ci rcles 

from the plane of the horizon, measured 
on a vertical circle passing through the 
body from 0 °  to 90 ° .  From this it fol
lows that the zenith distance is the 
angular distance from his zenith, and is 
equal to the complement of the altitude. 
Thus it is seen that the position of a 
heavenly body with relation to the 
horizon is given by its altitude and by 
its true bearing, or azimuth. 

. 

I T IS well here to explain in a general 
way to those who are not navigators 

what the real problem is that confronts 
the young navigator.  Observations, or 
"sights," of sun, moon, or star, taken 
by a mariner with marine sextant, or 
bubble octant, consist in the measure
ment of arc of altitude of that body 
above the horizon (azimuth cannot yet 
be accurately measured) .  ·What that 
observation gives is, in effect, the 
zenith distance of the body for some 
specified inst:l11t of Greenwich time as 
shown by the navigator's watch, whose 
error is always known from daily com
parisons made with radio time signais 
received at the ship from stations on 

shore, a routine procedure at all times. 
The data then obtained from his 

Nautical Almanac for this observation 
are the celestial body's co-ordinates of 
declination, or the body's angular dis
tance north or south of the Equator 
or equinoctial ; and its other co-ordi
nates, the Greenwich hour angle, or 
angular distance of the body away 
from the prime meridian. In other 
words, it is the longitude measured 
westward from the initial meridian of 
Greenwich, England. This enables a 
point on the earth's surface, which has 
the body in its zenith, to be readily 
plotted on a globe, or on the mariner's 
marine chart. This point is called the 
subsolar point in case of the sun, the 
sublunar point in case of the moon, and 
the substellar point in case of star or 
planet. I t is generally known as the 
heavenly body's geographical position 
and is plotted on the earth by its co
ordinate of latitude ( declination) and 
its co-ordinate of longitude ( Greenwich 
hour angle ) .  

/l( PREVIOUSLY stated, the "sight" for 
altitude gives the true zenith dis

tance of the body observed, or the 
angular length of a radius from the 
celestial body to the navigator's zenith. 
If, now, a small circle be drawn on 
the earth's surface, having its center 
at the body's geographical position 
and with its angular radius equal to the 
body's zenith distance, then the navi
gator knows that he must be located at 
some point on this small circle on 
which all measured altitudes of this 
celestial body, wherever on the entire 
earth's surface these measured altitudes 

Figure 2:  Practical  example  

are found to be, are the same at this 
chosen instant of Greenwich Civil 
Time. 

If, now, two observations of a body 
are taken at different intervals of time, 
or if two different bodies are observed 
at the same instant of time, then two 
circles of altitude may be drawn. These 
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circles will, of course, intersect in two 
points. The one selected is the point 
nearest to the navigator's estimated 
locality, or what is known as his dead 
reckoning position ( Figure 1 ) .  

As a practical illustration, suppose a 
sight of the sun is observed and the 
altitude measured with sextant as 20 ° 
above the horizon, thus giving a zenith 
distance of 70 ° .  In Figure 2, let G be 
a place on the earth's surface at which 
the sun is vertically overhead at the 
moment of observation. Then this one 
observation shows the navigator to be 
at a distance G of 70 ° x 60 ( each 
degree of zenith distance corresponds 
to 60 nautical miles ) . Therefore, he 
must be somewhere on the circumfer
ence of the small circle DMQ, the cen
ter of which is G, and the radius 4200 
nautical miles, and he may be presumed 
to be on that portion of the circumfer
ence which passes near his dead reck
oning position. Let A be any assumed 
point on some integral degree of lati
tude near the navigator's estimated 
position. He then also assumes a longi
tude, or, what is  equivalent, he assumes 
a local hour angle from his own 
meridian and then proceeds to solve the 
spherical astronomical triangle PMZ 
shown in Figure 3 .  

To arrive at  h is  solution by this 
method, the old-time navigator usually 
required some 20 minutes or more, be
cause a long, nerve-trying process  was 
used, employing many logarithms, to 

Figure 3: The old method 

find the value of the latitude and azi
muth of this heavenly body at his ap
proximate position. In those earlier 
days of marine navigation, when all 
the sights were computed by a lengthy 
logarithmic process utilizing many 
numerical figures in the solution of the 
astronomical triangle, there was a 
large chance for the occurrence of 
many mathematical errors. But the 
navigator of today shoots his sight at 
any time of day or night and works 
every observation with the same uni
form process to give him the line of 

posItIon without all that complexity. 
Now, in a simpler method, suppose, 

in Figure 2, that the zenith distance 
at A is computed and found to be 
700 10', and at the same time the sun's 
azimuth is  computed and found to be 
1 35 °  from north. Then GA equals 
4,2 10 miles and AD equals 10 miles in 
the direction 135 0 .  That is, A D  is the 
difference between the true zenith dis
tance as found from the observation 
sextant and the computed zenith dis
tance as found from the astronomical 
triangle PMZ. 

Figure 4 shows how the arc AD 
and the arc EF of the circle of equal 
altitude is laid down on the mariner's 
large-scale working chart. S ince these 
two arcs are extremely short in com
parison to their long radii, they will 
be, for all practical purposes, straight 
lines .  We then lay off from A a straight 

Official U. S. Navy Photo 

Taking a sight of the sun 

line AD, known as the altitude inter
cept, representing 10 miles-the differ
ence in minutes of arc between the 
true measured altitude and the com
puted one-and in the direction 1 35 °  
toward the sun, ( since the true altitude 
is greater, but away from the sun, if 
the true altitude. were the les s )  and 
through D we draw EF perpendicular 
to A D .  Then EDF will represent a 
small portion of a circle of equal alti
tude, or what is known as the navi
gator's "line of position," and the 
crossing of two lines of position will 
determine the "fix" of the ship, or its 
geographical position on the earth . 

I T IS evident that if the solution of all 
the different cases enumerated above 

are correctly tabulated for altitude and 
azimuth in a set of convenient tables, 
then the navigator need make no more 
mathematical calculations, for he can 
now solve his observation by inspec
tion of these tables in less than four 
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minutes of time, with no arithmetical 
errors creeping into the result. 

The Hydrographic Office of the 
Navy has selected just such a s imple 
process for all navigators to use, and 
this system is taught to all young 
navigators ; for it is believed to be the 
best, the fastest, and most fool-proof 
method yet devised. This is because 

F 
A 

o 

E 

Figure 4: The actual layout 

every "sight" is  handled in the same 
s imple, uniform manner. 

No doubt the ideal tables for any 
navigator with no fondness for mathe
matical calculations is one with no 
interpolation, but the maker, or de
signers, of short navigational tables 
soon encountered three independent 
variables in every spherical triangle 
solved, and allowing for combinations 
for each minute of arc from 0 ° to 
90° ,  it was noted that the preparation 
of such tables would involve tabulating 
the solution of 90 ' x 60 ' or 1 57,464,-
000,000 separate spherical triangles 
which, at the rate of 1 000 triangles 
computed a day, would take �ome 
400,000 years to compute and complete . 
Tables of such voluminous proportion 
being entirely ot:t of the question, the 
Hydrographic Office was completely 
satisfied with obtaining values for 
three variables cut down to the nearest 
integral degree of latitude, and each 
degree of hour angle with an ingenious 
scheme utilized for correcting for any 
odd minutes of declination. These 
numerous computed values were neatly 
tabulated and clearly printed in nine 
flexible volumes containing belts of 10°  
of  latitude, from the equator to the 
north or south poles, and entitled 
" Tables of Computed Altitudes and 
Azimuth." Each book contains 264 
pages, or about 2400 pages for the 
entire set of tables, and involves the 
solution of over 10,000,000 separate 
spherical triangles. 
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S ome t h i n g  T hat ' s  G e t t i n g  B e t t e r  

Not Wa rs, not Taxes, but Publ ic  Hea lth . Summa rized 

I m provements of a Qua rter Centu ry a re Sta rt l ing 

THE health of the American people 
is bound to play an all-important 

role in the present war. On it depends 
the maintenance of high morale not 
only in the armed forces of the nation, 
but in the civilian population as well. 
The workers on defense proj ects cannot 
be expected to accomplish successfully 
the great j ob that sti11 lies ahead if they 
are not kept well and physically fit. 

Fortunately, the country was never 
better fortified in point of health than 
today. Thanks to the succession of 
outstanding discoveries in medical 
science and notable developments in 
public health, we are now much better 
prepared for the hardships and vicis
situdes of modern warfare than we 
were 25 years ago at our entry into the 
first World War. 

This is clearly shown in the mortal
ity experience among the industrial 
policyholders of the Metropolitan Life 
Insurance Company. Their death rate 

CAUSE OF DEATH 

ALL CAUSES-ToTAL 

table of standardized death rates per 
100,000 persons . . 

The diseases of childhood and infan
cy-measles, scarlet fever, whooping 
cough, diphtheria, and diarrhea and 
enteritis-have been virtually eliminat
ed as causes of death within this pel-
iod. This means not only that there has 
been a very substantial saving of life 
at these early ages, but that many of 
our young people living today have 
been spared the disabling sequelae of 
these diseases. In consequence of this 
situation, thousands are now available 
for war service who, under former 
conditions, would have been rej ected. 

The death rate from tuberculosis 
among the industrial policyholders has 
been reduced to j ust about one fifth 
since 1917 .  This is a fact of particular 
importance in connection with the war 
effort, because tuberculosis finds many 
of its victims among those in the prime 
of l ife-that is, between the ages of 20 

1 94 1  1 9 1 7  

615 .5  1264.5 

Typhoid fever . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 0.4 12.0 
Measles . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 0.8 10.2-
Scarlet fever . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  _ . .  . 0.5 5.4 
\Vhooping cough . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 0.7 5.0 
Diphtheria . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 0.7 21 .7  
Influenza . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 5.9 1 5 .0 
Pneumonia-all forms . . . . . . . . . . . . . . . . . . . . . . . . . .  . 23.0 1 3 1 .8 
Tuberculosis-all forms . . . . . . . . . . . . . . . . . . . . . . . .  . 40.9 202.2 
Syphilis . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 9 . 1  19 . 1  
Cancer-all forms . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 84.5 80.7 
Diabetes mellitus . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 19.6 1 7. 1  
Chronic cardiovascular-renal diseases . . . . . . . . . . . .  . 262.8 373.2 
Diarrhea and enteritis . . . . . . . . . . . . . . . . . . . . . . . . . .  . 2.0 24.6 
Appendicitis . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 7.2 1 1 .6 
Puerperal state-total . . . . . . . . . . . . . . . . . . . . . . . . . .  . 4.6 1 7.2 
Accirients-total ( excluding war deaths ) . . . . . . . .  . 50.0 84.3 
Automobile accidents . . . . . . . . . . . . . . . . . . . . . . . . . .  . 20.4 10.0 

in the age group one to 74, adj usted 
for changes in color, sex, and age dis
tribution, has been reduced slightly 
more than SO percent in the course of 
the last quarter of a century. In this 
reduction in the general mortality the 
death rate from practically every im
portant cause of death individually took 
part, as shown in the accompanying 

and SO-the very people on whom fall 
the chief burden of prosecuting the war .  

Syphilis is  another disease concen
trated mainly in youth and middle life, 
that unfortunately tends to spread in 
times of war. The mortality from syphi
lis among the Company's industrial 
policyholders is less than half of what 
it was in 1917, and the outlook for its 

• That medicine in our times i s  making 
vast strides is a commonplace-too common
p lace, i n  fact, since many of us cannot keep 
up with its advances. Thus i t  could come 
about that an  overal l  reckoning at  the end 
of a g iven period of years might take us by 
surprise, exceeding our  most optimistic im
pressions. This is how such a reckoning, 
publ ished in  the monthly Statistical Bulletin of 
the Metropolitan Life I nsurance Company, 
struck the editors of Scientific American
even better than they would have dared 
claim. Note especial ly the table below. 

For giv ing prominence to the statements 
of a private organ ization, as is done here, no 
apology need be offered, since many such 
organ izations do scientific research having 
the same standing as that done at un iver
sities. Besides, where else than the large insur
ance compan ies can such current statistics be 
found? These statistics form a m ost valuable 
complement to the official  statistics on the 
nation's health. The Metropolitan Life I nsur
ance Company, in  one of its departments 
alone, covers 1 6 Yz  m i l l ion policyholders, re
garding whom it  has deta i led statistics, and 
these 1 6V2 m i l l ion in dustrial policyholders 
constitute a very large sample of the wage-
earn ing part of our population-The 
Editors. • 

control in this war is much better than 
it was 25 years ago . 

Calamitous in the last war were our 
losses from influenza and pneumonia. 
The first of these fluctuates so widely 
in prevalence and virulence from year 
to year that it is  impossible to estimate 
the l ikelihood of a serious visitation 
within the next few years. Recent 
research into the causative agent of 
influenza, however, encourages the ex
pectation that the nation may be better 
prepared today to cope with any epi
demic that might arise than it was in 
19 18. Pneumonia, thanks to the new 
chemotherapy. has lost much of its 
former terror. The death rate fro111 this 
cause among industrial policyholders 
has dropped more than 82 percent s ince 
1917. 

IN VIEW of the rapidly increasing in
dustrialization of the nation and the 

fact that many defense workers are for 
the first time coming in contact with 
machinery and other hazards of war 
work, we can hardly hope to escape an 
increase in fatal accidents. But during 
the years since 19 17  there have been 
such marked advances in industrial 

.hygiene and in accident prevention, 
that many lives and countless working 
days are being saved that would have 
been lost under the working conditions 
prevail ing at the time of the last war. 

A factor that is not without influence 
in maintaining morale is the marked 
improvement recently experienced in 
the mortality of women in childbirth. It 
is a comfort for the young father, 
whether in defense work or in the 
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armed services, to know that modern 
care available to his wife during her 
pregnancy and confinement has greatly 
diminished the risks to which she is 
exposed at that critical time. In this 
he can have better ground for confi
dence than had his father during the 
first World War. Improvement in pre
natal care, obstetrics, and hospital 
facilities since 1917  have achieved 
wonders in reducing the hazards of the 
puerperal state. Whereas 25 years ago 
more than 17 out of every 100,000 of 
the Company's industrial policyholders 
died in childbirth, today this rate is 
reduced to five. While some part of the 
decline is due to the reduced birth rate 
during the period under study, much 
the greater part unquestionably is at
tributable to better medical and nursing 
care. 

Such are some of the changes in 
mortality from certain of the principal 
causes among persons in the more 
active ages of life. Less directly re
lated to the war effort are the causes 
of death characteristic of the declining 
years, including more particularly 
chronic degenerative orders. As a mat
ter of fact, even among these there 
has been considerable improvement 
since 19 17. 

Inasmuch as the Company's policy
holders number many millions and are 
distributed widely in all sections of the 
country, they constitute a very repre
sentative cross-section of the total 
wage-earning population. Their health 
experience since the last war, therefore, 
reflects closely that of the entire coun
try, and the observations here recorded 
on the basis of their experience may be 
considered generally applicable to the 
nation as a whole. 

• • 

PROGNOSTICAT I O N  

Modern Living Wil l  Make 

Us a Myopic Nation 

• 

AMERICA is becoming a near-sighted 
nation. Each decade more and more of 
the population are near-sighted.  

The steady movement of the Ameri
can population toward near-sighted
ness, some ophthalmic experts assert, 
is caused by two factors-modern liv
ing conditions, wherein man has 
changed from a far-looking to a near
looking creature, and heredity. Near
sightedness is a physical character
istic that apparently is handed down by 
parents to their children. 

Mankind for thousands of years 
spent much of the time out of doors 
and the human eye developed so that 
normally it is at rest when gazing at a 

distance, but hard at work when focus
ing on near objects . Within the past 
century education has become almost 
universal and children start reading 
at an early age. There are relatively 
few of the adult population who do not 
spend many hours each week in reading 
newspapers, magazines, and books
all hard work for the eyes. Men and 
women increasingly have moved into 
indoor occupations, operating machines 
and carrying on clerical activities
most of which require close focusing. 
Human eyes are becoming near-sighted 
in order to meet these new conditions 
of modern l iving requiring sustained 
close VISIOn. 

• • • 

RECOVE RY-Nea rly half  a minute is re-
qu i red for average eyes to recover fully 

from exposure to bright, glaring l ight, ac
cording to tests made at the U n iversity of 
California. 

• 

STUTT E R I N G  

Believed a Case of 

"Mind·and·Body" 

• • 

ACCORDING to The Journal of the 
A merican Medical A ssociation, stam
mering ( stuttering) is a somatic mani
festation of an emotional disorder 
based on a psychobiologic variation of 
the organism. 

As yet there is doubt as to the exact 
mechanism that underlies this varia
tion, but evidence strongly suggests 
the presence of an inherited constitu
tional factor which predisposes to emo
tional instability and psychomotor dis
organization in general and to stutter
ing speech in particular. 

However, a person's inherent psy
chosomatic deficiencies would not in 
themselves cause stuttering speech 
without some active precipitating 
factor : shock, cumulative environ
mental pressure, radical change of en
vironment or, as in the instance cited, 
acute or prolonged illness . 

There are two stages in the develop
ment of stuttering, primary and sec
ondary. The chances of arresting the 
disorder are much greater in this  first 
stage, before anxiety and inferiority 
feelings begin to develop and before 
conditioning has had time to operate . 
In the primary stage, therapy is large
ly a matter of slowing down the tempo 
of l iving and removing any exciting 
stimuli in the home environment, par
ticularly the excitement and tensions 
generated by neurotic parents. Family 
quarrels,  exciting games, rapid speech 
or other "nervous" reaction patterns 
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on the part of parents or older children 
should be eliminated. The child should 
be kept in as good a physical condition 
as possible, he should have frequent 
periods of rest and relaxation, and 
fatigue should be avoided. Also, since 
the stuttering child demonstrates in 
general a lowered degree of psycho
motor efficiency, especially in those 
functions requiring fine coordination, 
a certain amount of rhythmic work is 
recommended : games and simple exer
cises in time to music, marching to the 
beat of a toy drum, bouncing a ball 
in rhythm, and the like. He should be 
encouraged to do everything, speaking 
included, slowly and easily. Games in 
which the whole family participates 
can be devised to inculcate the idea of 
slow, easy, rhythmic activity . 

With regard to the stuttering symp
tom itself, the parents should avoid 
correcting the child's speech directly, 
since this may make him speech con
scious and precipitate the second stage 
of the disorder. A tactful suggestion 
-"Let's all try to talk slowly and 
easily ; I don't hear so well today"
will usually produce better results than 
making a child repeat a specific word 
or phrase with which he has had diffi
culty. The parents should also avoid the 
all too common habit of interrupting 
the child when he stutters, talking for 
him when he is having difficulty or sug
gesting some "tool" -taking a deep 
breath, for instance-to help him over 
the blockage. Such tactics serve only 
to arouse his awareness of his difficulty 
and to develop anxiety and feelings of 
inadequacy. If possible the child should 
not be allowed to suspect that the physi
cian or parent is concerned about his 
speech, or that it is in any way abnor
mal. 

SHAKE H A N DS 

Hands Unimportant in 

Spread of 'Flu 

DISCOVERY that the influenza viruses 
type A and type B die in a few minutes, 
if put on human skin, such as the palm 
of the hand, and allowed to dry there, 
has been made by Commander Albert 
Paul Krueger, in command of Naval 
Laboratory Research Unit No. 1 at the 
University of California. 

"Virus solutions so strong that a tea
spoonful would kill half a billion mice, 
lost all disease-producing capacity 
within 10 minutes," Commander 
Krueger, formerly professor of bacteri
ology at the university, stated. "Hand 
to hand distribution of the virus and 
eventual hand to mouth transfer would 
appear to be unimportant hazards ."
Science Service. 
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' C o m m e r c i a l  S o u n d' E n l i s ts  

The Microphone a n d  the Loudspea ker Join i n  the 

War Effort to Increase Efficiency of Operations 

G E O R G E  R .  E W A L D  
Manager, Sound Products Division, 

RCA Manufacturing Company 

THE rapid transition to wartime 
activities throughout this country 

has brought about many startling 
changes. Evolution that would ordi
narily occur slowly over a number of 
years now takes place almost over 
night. New ideas. new processes, new 
materials, and new man-to-man rela
tionships are rapidly taking 
form in industrial opera
tions. These changes create 
new needs and, as is usual in 
periods of flux, the inventive 
genius of man responds to 
the urgent necessities of the 
occasion. 

On the other side of the picture, 
however. the use of amplified sound 
has become a tremendously important 
factor in the expediting of production ; 
the improvement of efficiency in or
ganization operation ; a most potent 
time-saver in locating key men in 
every nook and corner of our great 
factories ; and 'has tremendously re
duced loss of l ife and damage to prop
erty in emergencies. So, a microphone 
is now found at the elbow of every 
man who desires to accomplish things 

tories, and individual classrooms with 
this most useful device. Slowly and 
gradually the amplifier found a place in 
various types of business establish
ments, although at the beginning it 
was curtailed in most places to the use 
of intercommunication equipment. 

It  has only been within the last 24 
months that the real possibilities of 
the amplification of sound in great in
dustrial establishments were realized. 
This development has proceeded with 
such tremendous impetus. however, 
that interesting and even spectacular 
incidents illustrating the value of 
sound equipment are developing daily. 
and the story surrounding the use of 
such equipment is worth telling. 

Perhaps the best description of the 
varied use of sound equipment in indus
trial operations can be given by citing 
specific reports that are now available 
from many plants that are engaged in 
full wartime production. Many of the 
giant buildings that have recently 

been erected to house pro
duction pf military equip
ment cover great areas of 
ground with immense rooms , 
unbroken by walls or parti
tions. Rapid man-to-man 
contact is difficult because 
of the tremendous distances 
and numbers pf people in
volved. Buzzer or horn sig
naling in code, and the tele
phone and inter-department
al memo have been tried. 
but, due to the limitations of 
time and space, contact has 
been slow and much valu
able superviwry time wasted 
trying to locate people 
wanted for quick answers. 

One of the most interest
ing developments has oc
curred in the field of what 
has been somewhat loosely 
termed "Commercial Sound." 
Certainly, the word "Com
mercial" does not now prop
erly classify the tremendous
ly broad field into which 
amplified sound has made its 
entrance so effectively. To
day the microphone, ampli
fier, and loudspeaker are 
vitally necessary adjuncts to 
the efficient operation of in
dustrial plants of every de
scription ; military projects 
of all kinds ; air fields ; 
naval bases ; ordnance plants ; 
proving grounds ; training 
schools ; shipyards and rail

Control desk for handling "commercial sound" calls 

Paging executives and key 
men has now become a fast 
and efficient process through 
the use of plant-wide sound 
systems, and it is interesting 
to note some of the com
ments that have been made 
regarding the actual effi
ciency in operation achieved 
in this way. A letter received 

road yards ; amusement, educational, 
and recreational activities ; and, in fact, 
in any inside or outside location where 
it becomes necessary to convey sound 
intelligibly to groups of people or over 
distances where unamplified sound will 
not serve the purpose. 

Commercial Sound has served a 
fearful as well as a useful purpose. It 
is indeed doubtful if Hitler's hordes 
would now , be over-running Europe, 
Asia, and Africa if he had not been 
able to exercise his almost hypnotic 
control over millions of people through 
the use of loudspeakers. 

70 

quickly and efficiently. and millions of 
loudspeakers are in use throughout the 
world, in every place where people 
gather either for business or pleasure. 

Originally, when it was found pos
sible to satisfactorily amplify sound 
and project i t  for some distance, the 
field of entertainment seemed to be 
the most natural development for the 
use of loudspeakers. As this use grew 
and developed, the possibilities for edu
cational purposes became apparent, and 
it was not long before the schools and 
colleges throughout the country were 
equipping their auditoriums. labora-

from one of the big aircraft companies 
contains the following significant sen
tence : "To indicate the importance of 
these sound systems in our plant, it is  
interesting to note that our main plants 
make approximately 1 500 calls each per 
day. with the smaller departmental 
systems ,making approximately 250 
calls each per day, making the total 
calls of all systems about 6000 per day." 

From another large Eastern indus
trial plant comes this  statement : "We 
also find that our maintenance work is 
greatly expedited by our ability to 
reach the maintenance crews and give 
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them orders immediately, no matter 
where they may be in the plant." 

Through the proper installation and 
use of a sound system the load can be 
taken off the existing telephone l ines. 
The necess ity for new lines is thereby 
obviated, as well as additional switch
board personnel and telephone l ines 
involved for intra-office and plant use. 

A plant manager speaks in the fol
lowing terse but effective words : "The 
primary function of our sound system 
is paging. This averages 1000 calls per 
day. It is estimated that five minutes 
time is saved on each call, or a total 
of approximately 80 man-hours per 
day." 

H
UNDREDS of similar quotations could 
be produced, emphasizing the in

creased efficiency in operation that 
comes with procedure controlled by 
means of industrial loudspeaker equip
ment. What could be more convincing 
than this excerpt quoted from a letter 
received from a superintendent of a big 
steel mill : "The RCA sound equipment 
in our mill has been in operation ap
proximately one and one-half years. I 
feel that since this installation has been 
made, 95 percent of the mistakes for
merly made, due to errors in s ignaling 
from the heaters to the rollers, have 
been eliminated." 

The modern industrial plant today 
is subject to many stoppages of work 
due to emergencies of various kinds . 
Fortunately, air raid warnings so far 
have been entirely a matter of test 
procedure. Undoubtedly these tests will 
save l ives if hostile airplanes finally 
should be able to break through our 
defenses. The quick control of thou
sands of people, and the proper in
structions for the guidance of these 

Portable sound equipment for play
ing music, and public announcements 

Many speakers suspended from ceil ing bring music to workers engaged on precision jobs 

people, can only be made possible 
through the use of sound equipment. 
There are also other emergencies due 
to fires, explosions, power breaks, and 
other unusual happenings. Centralized 
sound equipment provides the best and 
safest answer to the proper control and 
handling of such emergencies. It has 
proved its worth many times in actual 
installations. 

Military projects of every kind are 
now using sound equipment for many 
purposes. In camp, where trained 
buglers are not always available, the 
stirring strains of reveille are played 
over the loudspeaker from a record 
made for that purpose. Field maneuvers 
can be directed over wide areas through 
the use of mobile equipment, and in 
a number of large camps the entire 
camp has been sectionalized and cov
ered with sound equipment so that the 
camp commander can address the en
tire personnel of the camp, or the 
various unit commanders can handle 
their separate sections individually. 

Sound equipment is indispensable at 
the large air fields, and an interesting 
development of this use is the abil ity 
to control instantly with one emer
gency switch the entire system for 
such purposes as direction of personnel 
in the case of crash landings, or other 
emergencies of a similar nature. 

The amplification of recorded music 
and the distribution of this music 
throughout large industrial plants has 
attracted much attention recently. It is  
estimated that about 3000 factories in 
the United States are now using music 
for this purpose, and many interesting 

data have been compiled as a result 
of this use. [An article on this special
ized phase will be published shortly 
in these pages .-Editor. 3 

S
CHEDULES have been worked out 

showing the type of music and the 
proper times during the day at which 
these programs should be heard. At 
many plants during the lunch hour 
news commentators and other current 
programs are reproduced over the 
sound system, and quick-step marches 
are often played as the workers as
semble or leave. 

A number of broadcasting stations 
are now reproducing musical programs 
for thp ... enefit of workers on the night 
shifts. Apparently the day is fast ap
proaching when national advertisers 
will seize the opportunity now afforded 
through the reproduction of programs 
of this sort to thousands of industrial 
workers throughout the nation. 

Safety talks and messages can be 
broadcast regularly to all employees, 
and large insurance companies are now 
devoting a g;reat deal of study and at
tention to the possibilities afforded in 
this way of emphasizing safety pre
cautions and improved health habits. 

Cordial co-operation between man
agement and labor is a tremendously 
important factor in the speeding up of 
war activities, and the Government has 
given its stamp of approval to cam
paigns based on building morale and 
the improvement of employer-employee 
relationship. These campaigns are 
largely based on mass meetings of em
ployees and the broadcasting of 
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speeches, songs, talks by men in the 
armed services, and top Government 
officials. Obviously, such programs are 
impossible without the use of plant
wide sound systems, and the personnel 
directors in the large companies are 
quick to seize upon this method of 
stepping up morale. 

C
AMPAIGN s designed to stimulate 
productive activities are efficiently 

carried on through the use of sound 
systems, and even though plants are 
thousands of miles apart, officials can 
participate and be simultaneouslv heard 
in all plants. The quotation 

-
below, 

which was contained in a letter re
ceived from the superintendent of one 
of the big United States ordnance 
plants, summarizes the value of sound 
equipment as effectively as can be 
imagined. He says : "With this in
stallation it was possible for us in the 
average time of 120 seconds to reach 
the many officials, contractors, fore
men, and other individuals who were 
moving about the two and one-half 
square miles of territory comprising 
this project. It was also possible for 
us to give instructions to all the 
thousands of employes at work on this 
project at one time while work was in 
progress .  On one occasion we as
sembled 8000 workmen on 20 minutes' 
notice who could have been reached 
by no other method. Our abil ity to 
contact individuals or groups of people 
has materially speeded construction and 
has saved thousands of dollars through 
increased efficiency." 

The progress and development in the 
use of sound systems which has proved 
of such great importance in this period 
of wartime activities i s  certainly only 
the forerunner of even greater and 
more widespread development in the 
years to come. There are vast fields of 
activity that have hardly been touched 
up to the present time. 

Sound equipment has been installed 
in a few railroad yards and the actual 
use in these yards has already demon
strated the possibilities of time and 
labor saving in every type of railroad 
operation. Here, certainly, is a tre
mendous field to be developed, and one 
that will pay large dividends. 

Already sound installation is playing 
an important part in the great inland 
waterways of this country. On both 
lake and r iver, tug boats and tow boats 
are working day and night moving 
great accumulations of freight by 
water. Many times the pilot or navi
gator is hampered by poor visibility 
and great distances between his loca
tion and the various barges or other 
bottoms he is handling. The lookout 
at the microphone stationed at the bow 
or stern of hi� fleet helps materially in 

the safe and efficient passage of these 
cumbersome craft through the water. 

Shipyards cover vast outdoor areas, 
and here the problem of communication 
is particularly difficult. Practically 
every large shipyard in this country 
is now wired for sound, and the flexi
bil i ty of this equipment permits ·it to 
he used in the remotest corners anel 
even on board the ships under con
struction. 

Complete intercommunication be
tween all important desks in the large 
offices and warehouses not only facili
tates the dispatch of all ordinary busi
ness, but actually is  a great money 
saver in decreasing the number of 
telephone units in use, and in relieving 
the ever-present load on switchboard 
facilities. 

LOOKING into the future, it seems safe 
to predict that the up-to-date archi

tect will provide all future buildings . 
whether they be for business or resi
dential purposes, with completely in
tegrated sound systems. Outlets for 
sound will be provided just as outlets 
for electricity are arranged, and it will 
be comparatively s imple and inexpen
sive to connect speakers to these cen
tralized systems as the occasion re
quires. The housewife in the modern 
home will save countless steps and 

H EADS 

Are Sculptured to  Furnish 

Mask Models 

• 

WITH the permIssIon of the War 
Department, Orr Goodson, acting di
rector of Field Museum of Natural 
History, Chicago, recently revealed a 
unique activity, in which the museum 
has been engaged for some months past, 
that contributes to the safety of mem
bers of the United States Army Air 
Forces. 

The museum ( of all places ! )  is now 
a producer of an important war acces
sory. This is the result of combined 
application of the scientifically accurate 
measuring methods ( anthropometry )  
used b y  physical anthropologists to 
gage distinctive characteristics of 
groups of men and women ; the re
searches of medical officers attached to 
the Army Air Forces ; the art of the 
sculptor in depicting human types ; 
and the driving force of experts in 
military efficiency and in manufactur
ing methods to obtain production and 
action with speed and precision. 

For flying in high altitudes, the 
pilots, bombardiers, gunners, radio 
operators, and other men of the skies 

time, as sht can s it in her bedroom or 
l iving room and talk to salesmen at the 
front door, or conver�� with the maid 
in the nursery or the cook in the 
kitchen. In the more elaborate homes, 
she, of course. can direct her instruc
tions to the servants' quarters or to the 
chauffeur in the garage. Speakers in 
each room will be switched on and off 
as desired for the reproduction of radio 
or recorded programs from a cen
tralized control station. These speak
ers, of course, can be recessed behind 
attractive grills in the original con
struction of the house and thus prevent 
any unsightly accumulation of incli
vidual baffles and wires. 

Amplified sound is destined to play 
such an important part in our daily 
lives in the future that probably twenty 
years from now it will seem impossible 
to believe that we could have gotten 
along without it. It will have its rec
ognized place in the home, office, and 
factory, just as electric l ights, running 
water, heat, and refrigeration now do. 

In many ways that cannot be told 
now, sound equipment has enlisted for 
the duration. This same equipment 
that is now helping to win the war will 
emerge in the post-war era in the form 
of finer and more adaptable equipment. 
its value and usefulness better under
stood. 

• • 

require oxygen masks, and these must 
be accurately fitted to each man's head. 
In an anthropometric survey of 2000 
fl iers, conducted by officers of the 
Army's Aero-Medical Research Lab
oratory at Wright Field, Dayton, Ohio, 
it was found that the shapes and s izes 
of aviators' heads could be reduced to 
seven basic composite types from 
among which the fliers could be prop
erly fitted with masks . One of these 
head types-labeled as No. 1 ,  "the 
mean" ( in the sense of average ) type
corresponds to the fitting requirements 
of the maj ority of the fl iers ; the other 
six head types represent the extremes 
of contours and out-sizes in all direc
tions. The head models give the manu
facturers of masks and headgear guid
ance in their production of the varia
tions required, and the quantities of 
each size as needed. 

After the original master set of 
sculptured head models ,  based on the 
measurements furnished by aero-medi
cal officers, had been approved by 
Army authorities, the problem arose 
of producing sets of these models in 
quantity, as the heads, to meet the 
medical and air-safety standards, have 
to be micrometer-accurate. 

Because of the scientific nature of 
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UnrelOuched pictures 

photographed directly 

from RCA television 

f;�;' 1tlt�\S\\)l\'S 

Felix the Cat had a bewildered look on his face 

in 1 9 2 9  when he swung around for hours on a 

phonograph turntable in front of television's 

early scanning disks. Felix's image was slashed 

into 60 horizontal lines-60 streaks of light and 

shade.  Engineers of RCA watched the antics of 

Felix as he was tossed through space to receiv

ing screens. They realized that all streaks and 

flicker must be removed. 

Scientists of RCA Laboratories abandoned 

mechanical scanners and developed an all

electronic system of television, featuring the 

Iconoscope and Kinescope, electronic "eyes" 

of the radio camera and the receiving set. 

Motors and high-speed disks were eliminated 

both at transmitter and receiver. Electronic 

television became as quiet and fool-proof in 

operation as a home radio set. 

By 1 936,  the number of lines per picture 

had been increased to 343,  with marked 

improvement in quality. But the re

search men still were not satisfied. They 

continued to experiment, and to develop new 

equipment, for finer pictures of 441 lines. Be

fore Pearl Harbor, 5 2 5 -line television pictures 

were on the air from the NBC station atop the 

Empire State Building. 

The streaks had vanished. Television at last 

had the texture of rotogravure. Now, faces and 

scenes are photographed directly from tele

vision screens without betraying the presence 

of scanning lines. 

Brought to life by electronic tubes, and 

given wing by radio, television emerged from 

RCA Laboratories to reveal its practical use

fulness. Today, knowledge gained from years 

of television research is contributing vitally 

to the war effort. 

Recognizing the importance of television as 

a post-war industry and useful public service, 

RCA is continually pioneering in the 

science of radio sight . Televi sion's 

album of progress has only begun. 

RCA LABO RATO R I E S  
A Service of Radio Corpora tion of A 111erica, RCA BuildinA, New York 

PIONEER IN RADIO, ELECTRONICS, TELEVISION 

Other Services of R CA :  RCA Manufacturing Co., Inc. • Radiomarine Corporation of America 

R.C.A. Communications, Inc . • National Broadcasting Co.,  Inc . •  Blue Network Co., Inc . •  RCA Institutes, Inc .. 
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Associate Director of the Laboratories 
and Contributing Editor to Scientific 
American, announced recently. 

Only 16 inches long and light enough 
to be portable, the new model of the 
microscope makes one of science's 
latest and most powerful tools avail
able to war work on a wide scale. It 
is capable of magnifying infinitesimally 
small particles of matter up to 100,000 
times . In this respect it equals in per
formance the standard size instrument, 
introduced some two years ago. 

Dr. Zworykin made it clear, how
ever, that the standard electron micro
scope, a highly flexible instrument 
equipped with special adaptors for vari
ous types of investigations, is by no 
means superseded by the new small 
model. It  has been found, he explained. 
that in numerous electron microscope 
researches the versatility of the larger 
instrument is unnecessary. 

Drs. Zworykin and H i l lyer, af RCA, with the new portable electron microscope 

"In the study of colloids, viruses. 
and macromolecules, in particular," 
continued Dr. Zworykin, "a fixed mag
nification and a relatively low operat
ing voltage, giving large contrasts, has 
proved most satisfactory. Hence a 
new electron microscope has been de
veloped, distinguished by extraordinary 
compactness and simplicity of opera
tion. Mounted on an ordinary desk, 
the microscope column, from electron 
source to fluorescent screen or plate, 
measures only 16  inches." ( Height of 
the standard electron microscope is 7 
feet. ) 

this project, the services of the museum 
laboratories and technicians were en
l isted ; production of accurate molds, 
and from them of accurate plaster casts 
of the sets of aviators' head types in 
accordance with the specifications of 
the aero-medical officers, is conse
quently now well under way at the 
museum. 

• o • 

SALT-One vital war material which wil l  
never need to be rationed to consumers 

is salt. The Un i ted States has inexhaustible 
suppl ies, including the world's largest salt 
mine, the I n ternational Salt Company mine 
i n  N ew York, which covers 1 000 acres, has 
1 20 miles of passageways and goes to a 
depth of 1 073 feet. 

• • 

SOUVE N I RS 

Should Not be Collected 

After Air Raids 

• 

A DM ITTING that the tendency to 
collect "souvenirs" is a natural one, 
James M. Landis, Director of the Of
fice of Civilian Defense, cautions that 
in case of an air raid on this country 
the gathering of bomb fragments and 
other mementoes may deprive the 
armed forces of vital information. 

Objects of particular value for the 
information they convey include 
grounded enemy planes or parts of 
planes, personal equipment, weapons, 
and projectiles dropped or lost by the 
enemy, it is pointed out. 

Any such objects found should be 
left in place and guarded until civilian 
defense authorities have been notified 

74 

and an OCD technical assistant or a 
military representative has made an 
investigation. The location of the ob
j ect, its position, and the degree or 
lack of penetration may be of great im
portance. 

SKIS 

Produced Rapidly By 

New Resin Process 

BECAUSE the United States army 
needed skis in a hurry, the Allied 
Aviation Corporation of Baltimore 
started research work. Operating with 
the Vidal process, wood is bonded with 
synthetics, placed on forms, and cov
ered with a rubber blanket and heater, 
using the pressure tank method. The 
process not only forms the skis but 
stabil izes the wood against warpage 
caused by changes in humidity, temper
ature, or contact with water : extra 
hardness and durability also result. 
N either boiling water nor sub-zero 
weather will seperate the layers of 
wood, and it is not necessary to keep 
the skis in clamps to hold their shape 
when not in use. 

. 

PORTABLE  

Electron M icroscope Widens 

I ts Field of Usefulness 

A NEW electron microscope, small 
enough and inexpensive enough to be 
available to hundreds of medical, uni
versity, and indmtrial research insti
tutions, has been developed by RCA 
Laboratories, Dr. V. K. Zworykin, 

"The magnification of the ( new) 
microscope, which operates with two 
magnetic lenses of fixed strength, is 
approximately 5000," he explained. 
"Since the grain of the photographic 
materials normally employed is fine 
enough to permit twenty-fold en
largement, micrographs with a total 
magnification of 100,000 may be ob
tained with the instrument. This is ade
quate to make use of the full resolving 
power of the microscope." 

S Y N T H E T I C  T I R ES 

Being Tested, but None 

Yet for Public 

T IRES whose rubber content is 99.84 
percent synthetic rubber are now being 
tested on the highways in various parts 
of the country, according to Dr. How
ard E. Fritz, director of research of 
the B. F. Goodrich company. In dis
cussing the present relative positions 
of natural and synthetic rubber from 
the standpoint of their usefulness in 
tires, Dr. Fritz emphasized that this 
teiting of high-percentage synthetic 
rubber casings should not be consid
ered as indicating any early public 
availability of such tires-that it does 
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NOW! Enjoy Learning To Speak 
at Home 

Only 15 Minutes a Day! 
YES ! It's amazingly easy to learn to speak good, conversational Spanish in 

15 minutes a day of fascinating practice, in your own home ! You learn by 
listening - to clearly-spoken Cortina records. This is the natural, obvious way 
to learn - just as a child learns his own native tongue. 

Now, with trade and cultural ties between the Americas draw
ing closer than ever, wide-awake Americans everywhere are pre
paring for the business, travel, and cultural opportunities ahead 
by learning Spanish, "easiest of languages." In your spare moments 
you, too, can quickly and cheaply help yourself attain this priceless 
business and personal asset ! 

tfJ jll'-y'� I !� 
Learn as a child learns-by listening 

to native instructors in your own home ! 
THE natural way to learn SPANISH, or any 

language, is by listening to it-the way chil
dren learn ! This is the Cortinaphone way: to 
listen, then repeat what you hear until speaking 
the language becomes natural to you. 

the thrill of being able to stray away from the 
"beaten paths" of the conducted travel tours-and 
truly enjoy out of the way corners of lands to 
the south !  

You'll be amazed how quickly you can pick up 
Cortina "Learn by Listening" Records bring the ordinary conversation ! Business and commercial 

clear, cultured voice of a native SPAN
ISH instructor with easy time-tested 
Cortina lessons right into your living
room. He talks to you whenever you 
wish-as often as you like--in fault
less, idiomatic Spanish. He converses 
with you just as any SPANISH
SPEAKING person would, on the 
streets, in shops, in the offices of a 
South or Central American city. Your 
instructor never tires, never complains ! 

New Opportunities Ahead
N ow is the Time to Learn ! 

SPANISH is the easiest of all lan
guages to learn ! And ' this is the finest 

FRENCH, 
GERMAN,  
ITALIAN, 

(Also Taught) 
Cortinaphone Courses 

in French, German, 
Italian and English 
( for Spanish-speak
ing people) are as ef
fective in teaching 
you a now langnage 
as tbe Spanish course 
described bere, and 
are sent on the same 
"Proof in 5 Days" 
Oft'er. 

Check the language 
of your choice on 
coupon below. 

terms soon become second nature to 
you! With Cortina "Learn by Listen
ing" Records, you can progress as fast, 
or as leisurely, as you wish ! 

Sent On 5 Days' Approval 
The CORTINA METHOD has 

been teaching languages successfully 
for 60 years ! And it can do for you 
personally what it has done for thous
ands of other_if you will give it the 
chance. The five days' free trial in 
your own home will demonstrate this 
to your entire satisfaction-or it costs 
you nothing! 

time to learn it. The tremendous expansion of 
our interests in the Latin American countries will 
open up excellent opportunities for years to come ! 
Practically every day our newspapers announce 
new trade pacts and the opening of new branch 
offices in South America by U. S. firms. 

Today, when SPANISH, the most 
important foreign language in the world, can 
mean so much financial gain and travel pleasure, 
why not see what this fascinating, inexpensive 
Cortinaphone Method will do for you? You risk 
nothing. You first PROVE-right at home-
that this amazing 

What Others S"y 
RUDY VALLEE 

says . . • "delighted with re
sults from Spanish and French 
Cortinaphone Courses • . . 
invaluable in broadcasting and 
recording.' J 

FRA N K  LUTHER 
says . . . "Pronounciation on  
records remarkably clear." 

"Anyone Can Learn" 
"Your clear records make it 
possible for anyone to learn 
the language of their choice."
Mr. Tom White, Muskogee, 
Old&. 

"A Good Investment" 
liRa ve just returned from Mexico 
and found that my Cortina
phone· Course was a good in
vestment." - Phillips B. Iden. 

Pronunciation Surprises 
Teathers 

"The teachers of the schools 
here are surprised at the pro
nunciation which I acquired 
through your records."-L. B., 
Oregon. 

Immigration Official 
Well Satisfied 

III beUeve your Method to be 
unsurpassed for acquiring a 
working knowledge of a foreign 
language in the shortest time, 
and I am well satislled with 
the progress I have made."
L. S., U. S. Immigra.tion and 
Naturalization Serviee. 

Remember, SPANISH means greater social ad
vantages, too. Everyone should know at least one 
foreign language. With SPANISH, you discover 
new and interesting cultural fields. And imagine 

method CAN teach 
you the langl.lage of 
your choice in only 
15 minutes a day. 

r-------------------------� 

F R E E  B O O K  DESCRI BES 5-DAY 
TRIAL OFFER 

Without obligation, we will send the Cortina Academy's free book, 
"The Cortina Short-Cut to Speaking Foreign Languages." In 32 fascinat
ing pages, this book tells all about the easy Cortinaphone Method and 
how it can open up opportunities to you. Mail coupon today-NOW. 

C O R T I N A A C A D E M Y  
DEPARTMENT 1 52 

F E B R UARY 1 943 

(Language Specialists For 60 Years) 
1 05 WEST 40th STREET 

SCIE NTIFIC AME R I CAN 

NEW YORK, N. Y. 

CORTINA ACADEMY ( Language Specialists For 60 Vears) 

Dept. 1 52, lOS West 40th Street, New York, N. Y. 

Please send me--without obligation-your free 
book "The Cortina Short Cut" and Proof-in-5-
Days offer. 

(Check language in which you are interested) 
o SpANISH 0 French 0 German 0 Ital ian 

N ame • . • • . . . • • . • • • . • . • . . . . . . . . • . . • . . . • . . . • . . . • . • . • . . • . .  

Address 

City . . . . • • • . . . • . • . • . . . • . . . . • . • . • . .  State • • • . • • • • . . . . • . . • .  

�-------------------------� 
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Photog.ophs courtesy Field Museum of Notu.ol History 

A reconstruction of Barylambda and, right, the skeleton as now exhib ited 

110t affect the nation's tire supply situ
ation at all. 

"Experimental development work 
done with samples of butadiene-type 
synthetic rubber - the type which 
makes up the great bulk of the govern
ment synthetics program-has already 
shown up much that is good and several 
things that are still unsatisfactory 
about this new rubber," he said. 

"Passenger tires and small-size truck 
tires give excellent service. When we 
come to large-size truck and bus tires, 
several difficult problems arise due to 
the fact that synthetic rubber while 
running generates more heat than natu
ml rubber, and may fail from that 
cause in spite of its higher heat re
sistance. However, we are now hard 
at work on this problem and are con
fident it can be solved as we gain more 
experience in the field." 

B RAZI L IAN  R. R. 

To be E lectrified to 

Save Coal 

I N ORDER to avoid excessive cost of 
importing coal to run its railroads, 
Brazil has embarked on a long-range 
railroad electrification program de
signed to make the republic self suffi
cient with respect to power, and at the 
same time independent of foreign 
sources of fuel . 

The country has abundant water 
power, but is faced with the wartime 
problem of obtaining necessary tur
bines, generators, wiring, electric loco
motives, and other necessary equip
ment. 

First line to be electrified is a 90-mile 
section of the Sorocabana railroad, be
tween Sao Paulo and San Antonio. 

The pl'Oj ect, said to be the largest now 
under way in the Western hemisphere, 
is  expected to cost about $10,000,000, 
and to be completed within three years. 

Heavy rails are now being laid, and 
the 80-ton steam locomotives formerly 
in use are to be replaced by electric 
locomotives of 180 tons-said to be 
the heaviest electric locomotives ever 
built for narrow-gage track. Trains 
will be longer and will travel at greater 
speed. 

Seven thousand poles to support the 
electric lines will be made of rein
forced concrete. Power for the line will 
be supplied by three secondary plants . 

Electrification equipment is being 
purchased from the United States. 

The Sorocabana Railroad, owned by 
the state of Sao Paulo, is  1316  miles 
long.-Engineering News-Record. 

BARY LAM B DA 

Restoration of H eavily Built, 

Extinct Mammal 

A PRACTICALLY complete skeleton of 
Barylambda, an extinct mammal which, 
when it l ived 50,000,000 years ago in 
west-central Colorado, attained a de
velopment entitling it to be rated as one 
of the most heavily-built animals of all 
time, has just been placed on exhibition 
in the hall of paleontology at Field 
Museum of Natural History, Chicago. 

"Barylambda was unlike and unre
lated to any present-day animal," states 
Bryan Patterson, acting curator of 
paleontology, who led the expedition 
which excavated the remains of the 
rare creature. "It appeared during the 
course of the greatest revolution of 
l ife the earth has ever seen-a revolu
tion that had been in progress about 

10,000,000 years before Barylambda 
appeared on the scene. This revolution 
was the transition from the age of rep
tiles to the age of mammals, which was 
ushered in by the dramatic and world
wide extinction of the dinosaurs and 
other giant reptiles that had dominated 
land and sea. At the beginning of this 
epoch the mammals were small to 
medium in size. Once they had suc
ceeded to dominance, however, diversi
fication and specialization along many 
lines went on rapidly, resulting finally 
in the animal world we know today. 
One l ine of specialization was the ac
quisition of large size. This evolution
ary trend especially characterized var
ious orders of the great hoofed mammal 
stock, exemplified among l iving animals 
such as elephants, rhinos, and hippos. 

These were preceded by a great variety 
of extinct groups of which Barylamdba 
and contemporaries were earliest. 

"Barylambda stood some four feet 
high, had an overall length of about 
eight and a half feet, and its width 
across the hips was almost equal to 
three-quarters of its height. Its bones 
were extraordinarily massive, indicat
ing the possession of immense muscular 
power. The head was small in compari
son to the s ize of the body. It had a 
long, large tail, flattened somewhat 
from s ide to side. It was found under 
conditions which indicate that at the 
time of its life this part of Colorado 
was a broad flood-plain. Rivers and 
streams from the Rocky Mountains evi
dently meandered back and forth across 
the plain, the climate was warm, and 
the vegetation was heavy. Barylamdba 
was well-fitted for such an environment 
-,-its strong body was adapted to forc
ing a way through the tangled vege
tation, and its teeth indicate it was 
vegetarian in diet. Its broad spreading 
five-toed feet supported its great weight 
well on soft, treacherous muddy 
ground, and its large compressed tail 
suggests it was a capable swimmer ." 

DI ESEL PROPH ECY 

Will  it Replace 

The "Iron Horse"? 

AN old familiar institution will some
day be only a memory, in at least one 
man's opinion : 

The steam switching locomotive, the 
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great puffing behemoth whose friendly 
s inew has inspired so many boys to 
become its master at the throttle, is 
obsolete. No more new ones will be 
constructed for American railroads. 

This prophecy was made recently by 
B. B. Williams, president of The 
Cooper-Bessemer Corporation, Diesel 
engine manufacturers, who said the 
lovable giant's place is rapidly being 
taken by an unromantic midget not 
much larger than the steam locomo
tive's tender. 

The midget, run by Diesel power, is 
being turned out in large numbers to 

producing glycerin for two decades
sardines and herring, which inhabit the 
Pacific Ocean from Alaska to Mexico 
-and this source has a distinct ad
vantage, in that the product needs only 
to be harvested ; it requires no prelimi
nary planting and cultivation. 

Although the average production of 
2,000,000 gallons of herring oil ob
tained yearly from Alaska will be 
curtailed somewhat this year, due to 
the government's prohibiting fishing 
in certain areas, there will . still be 
sardines caught off the Pacific Coast 
from British Columbia to California 

-and production of pilchard oil on 
the West Coast alone has averaged 
13,000,000 gallons yearly. 

Tests of the pilchard oil, which 
have been made in Laucks Labora
tories, Inc., in Seattle, s ince 1921 ,  
have shown more than satisfactory 
glycerin content, and the lowly sar
dine and herring are finding them
selves blasting away behind the front 
lines. Not as powder for guns-be
cause nitroglycerin ( glycerin, plus 
acids ) is too violent to be used in 
this way, but as dynamite and other 
explosive preparations which are the 

meet the increasing demands of Ameri-,----------------------------------
can railroads and industry which have 
a tremendous volume of war materials 
to handle. 

"The old steam switching locomotive 
is gone," Mr .  Will iams said. "Of 
course, the ones now in use on the main 
l ines will be rebuilt and repaired until 
they are run to the thin end. But no 
new ones will be constructed." 

The chief reason for the old friend's 
demise is its failure to develop enough 
power from a dead stop, the Diesel 
manufacturer pointed out. After it gets 
up enough speed it is  powerful enough, 
but in getting up speed much effective
ness is lost. 

According to Cooper-Bessemer en
gineers, a Diesel switch engine, in a 
head-on contest, would back up a loco
motive three times as powerful and 
with full steam up. 

They explained that both the direct
drive Diesel and the Diesel-electric 
switching locomotives show better per
formance because of their enormously 
increased starting torque. The steam 
switching engine requires some time 
in the acceleration of its driving wheels 
to develop a comparable pull. 

E X P LOSIVE F ISH 

Sardines Furnish Glycerin 

for Explosives 

T HE government's "scrap-fat drive" 
to obtain new sources of glycerin and 
soap acids asks housewives ' and res
taurants to save their grease drippings 
for defense. From these scrap fats the 
government expects to make glycerin 
for explosives, replacing the imports 
of cocoanut oil from the Philippines 
and other Pacific Islands, which were 
cut off by the war. 

In searching for increased sources 
of glycerin-producing fats, the gov
ernment is also increasing domestic 
production of various plant oils, in
cluding soybean, peanut, flax, and cot
ton. But there's another not-so-widely 
publicized source which has been pro
viding the United States with oil-

An Eye Saved is Production Time Saved 
JUST a slight accident. A fragment 

hurtles straight at the operator's ey�. 
Broke the lens of his safety goggle, of 
course, but there were no flying splinters of 
glass. Every workman in  the room knows 

that, without impact - resistant safety 
lenses, Andy would have lost an eye. 

Safety goggles, for industrial use, 
constitute j ust one of many Bausch & 
Lomb products making significant con
tri butions to America's war program. 
Instruments for industrial research and 
production-metallographic equipment, 

spectroscopes, toolmakers' microscopes, 
contour-measuring proj ectors-are m ain
taining precision, increasing production 
and speeding deliveries in factories all 
across the nation. Gunfire control equip
ment-battleship range finders, aerial 
height finders, binoculars, photographic 
lenses-are of a quality, and on a produc
tion schedule, that merited first award 
of the coveted Navy "E." 

B AU S C H & LO M B  
OPTICAL COMPANY • ESTABLISHED 1853 

AN AMERICAN SCIENTIFIC INSTITUTION PRODUCING OPTICAL GLASS AND INSTRUMENTS 
FOR MILITARY USE, EDUCATION, RESEARCH. INDUSTRY AND EYESIGHT CORRECTION 
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mainstays of the Engineer Corps and 
others. This is very important in 
clearing roads for troops and tanks 
and guns and trucks rushing to the 
front, in excavations for new muni
tions plants, mines, and new road con
struction. Also, huge amounts will be 
used to destroy bridges, and to clear 
away debris in bombing attacks. 

Glycerin, in normal times, was more 
than 90 percent manufactured as a 
by-product of soapmaking. Now soap 
is definitely a by-product of glycerin. 

Sardines and herring are a logical 
source of glycerin. They're easily 
caught, and studies of their migratory 
habits have proved that they reappear 
year after year in large schools in the 
same places .  They don't swim too far 
off shore, spawn prolifically, and are 
so thick in schools that it's possible 
to catch 35 or 40 tons in one net. 

In certain seasons there's a com
paratively large quantity of oil in 
these fish-and the larger quantities of 
oil, the more glycerin. In fact, be
cause of their excessive oiliness, sar
dines are not a favored article on the 
fresh fish market. In Laucks Labora
tories, where sardine and herring oils 
are now being tested daily, it was 
found that the gly(:erin content of the 
oil of these fish was from 8 to 10 per
cent. 

G U N  M O U N TS 

Require H igh Degree of 
Accurate . Machining 

RECORD-BREAKING production of gun 
mounts carrying four rapid-fire anti
aircraft guns-the weapons which 
hurled hundreds of shells a minute at 
Japanese planes in the battles of Pearl 
Harbor, Midway, and the Solomon 
Islands-was disclosed recently by the 
\Vestinghouse Electric Elevator Com
pany. These multiple gun units are 
being produced by Westinghouse at a 
saving to the Navy of more than 1 0  
million dollars i n  cost and 4,400,000 . 
man-hours of work. 

"Before we tackled the j ob in the 
summer of 1940," explains Frank C. 
Reed, president of the elevator com
pany, "each gun mount required 8500 
man-hours of labor and cost about 
$27,000-but assembly-line production 
methods enabled us to turn out each 
unit with about 2 1 00 man-hours of 
work at a cost of about $12,000. Differ
ence between estimated cost and actual 
cost were returned to the government. 
By May, 1942, we were turning out 
nearly 40 percent more mounts each 
month than our contract called for." 

Weighing 14,000 pounds, each mount 
consists of an adjustable four-foot long 
horizontal gun support, installed in an 
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H-shaped stand which is moored to a 
revolving steel base. Each gun support 
has four large grooves, nine by 13  
inches, into which water-cooled gun 
barrels are inserted. The four guns, 
although not synchronized, are fired 
in nearly simultaneous bursts by a 
single trigger mechanism on the left 
side of the unit. 

Guided by sights on both sides of the 
unit, Navy gunners train the guns on 
flying targets by quickly moving them 
up or down and left or rrght. When 
necessary the entire mount can be 
swung in a complete circle. The guns 
are aimed manually by a series of easy
turning cranks near the sights, and 
also by hydraulic power controls which 
are installed when the gun units reach 
a ship. · 

Maneuverability of the mounts de
pends upon precision manufacturing 
at extremely close tolerances. Principal 
surfaces must be levelled to a point 
that engineers call "dead flat," with an 
allowable discrepancy of two-tenths of 
a thousandth of an inch. Other parts 

High accuracy is requi red in these 
gun mounts, shown bel ow when com
plete and i n  action, which are now 
being produced in  huge quantities 

must be accurate within four-tenths 
of a thousandth to a thousandth of an 
inch. 

Just before the gun mounts are ready 
for shipment, sights that are used in 
actual combat are installed temporaril) 
and tested for accurate alignment with 
gun barrels. Maximum allowable tol
erance in this test is one minute, or 
one sixtieth of one degree-which 
would result in a deviation by the gun 
projectiles of not more than ten and 
one�half inches per thousand yards. 

SO LOM O N  ISLA N D E RS 

Led Easy Life-Unti l  

War  I ntervened 

FEW peoples on earth are less known 
to ethnologists than the short-statured. 
hairy, Melanesian black men of thE. 
dense jungles and lofty mountains of 
the Solomon Islands, say ethnologists 
of the Smithsonian Institution. 
Throughout the archipelago, now the 
scene of some of the most crucial fight
ing of the war, ways of l ife differ wide
ly from island to island, Smithsonian 
ethnologists point out. So great has 
been the isolation that in some cases 
villages a few miles from each other 
speak different languages. But all be
long to the same basic Melanesian stock 
as the inhabitants of New Guinea, most 
of the neighboring groups of islands, 
and probably Australia. 

The Solomons gained a bad reputa
tion as "the cannibal islands." There 
is little evidence, however, that the 
Melaneasian peoples ever were canni
bals, other than ceremonially. The cen
tral islands of the archipelago were, 
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however, a center of the curious head
hunting custom which in most places 
has been suppressed under the Austra
lian mandate. A head-and it need not 
be that of an enemy-was considered 
a token of valor and was a cherished 
possession. A young warrior needed a 
good string of skulls to have much 
prestige among the women of his vil
lage. 

The Solomons were in the stone age 
stage of culture when first visited by 
the whites and, for the most part, have 
advanced l ittle. They have been slow 
to accept white influences, and few peo
ples on earth have been less exposed 
to these. But the people can hardly be 
considered as a very low grade of 
aboriginals, such as the long-extinct 
natives of Tasmania, to whom they 
probably were distantly related. They 
had developed a rather advanced sys
tem of agriculture, effective boats and 

may be said to be slower, says Profes
sor Hayes. 

"Few phenomena are more trouble
some at times or more baffling than 
vibration," he declares. "It is  a force 
that has long been recognized, though 
not generally too well understood. The 
severity of a vibrational action is meas
ured by : its acceleration, or an increase 
or decrease in the speed with which it 
travels ; its amplitude, or its size ; and 
its frequency, or the number of vibra
tions occurring per second. 

"These factors are large or small 
depending mainly on the magnitude of 
the explosive charge and the nature of 
the ground-clay, loam, or rock, for 
example-in which the explosion oc
curs. Buildings on unstable ground are 
generally more severely damaged than 
those on firmer ground, and moist 
ground usually responds to earth shock 
more violently than does dry ground. 

"The earth reacts when disturbed 
by an explosion much as water behaves 
when a stone is dropped into a still 
pool, concentric waves traveling out
ward, away from the point of origin, 
with a decreasing velocity and with 
decreasing amplitude or height. The 
frequency of the waves, that is, the 
number of waves that pass a given 
point in a certain space of time, de
pends in part on the impact with which 
the stone struck the water. 

"Another aspect of earth shock 
which renders it dangerous is  its char
acteristic of traveling rapidly in a ver
tical direction, and more slowly in a 
horizontal direction. Consequently, any 
subsurface structure, such as a founda
tion or a shelter, may be first l ifted 
by the vertical component and then 
moved horizontally by the horizontal 
component. The effect on a non-flexible 
structure IS  obvious. Wall-bearing 

weapons, and an exceptionally complex .---------------------��-------------
economic system. To a high degree 
they had domesticated the pig. 

By and large, life to the Solomon 
I slander is easy and, from his point of 
view, luxurious . Little work is required 
for his crops. Most of this is done by 
the women. The men, as among so 
many primitive peoples, are hunters 
and warriors. But neither sex works 
very hard at its traditional vocations, 
although the islanders are good 
workers for short periods on planta
tions. 

• • • 

B I RDS-Among the strange birds on Guada l -
canal a r e  t h e  brush fowl, which buries 

its eggs in a mass of fermenting dead leaves 
which acts as a natural incubator; and the 
dwarf cl imbing parrot, a little bird no bigger 
than a sparrow, that cl imbs trees like a 
woodpecker and makes its home in the nest 
of termites which appear to be its principal 
food. 

• • 

EARTH SHOCK 

Is  Responsible for M uch 

Bomb Damage 

• 

EARTH shock, one of the most danger
ous and least understood effects of 
bomb explosions, endangers large and 
small buildings of nearly every type of 
construction and foundation in an area 
under attack, according to Professor 
Will iam H. Hayes, of the Columbia 
School of Architecture. 

vVith the exception of all-steel or 
concrete frame buildings, all structures 
are affected to some degree by the 
vibrational effect, or earth shock, pro
duced by a bomb explosion below the 
surface of the earth, an effect which is 
similar to that of a local earthquake, 
except that earthquake movements 

H O W 
O U T  

T O  
O F  

G E T T H  E M O S T  
L A T H E S  Y O U R 

No. 4 in a series of suggestions macle by the South Bencl 
Lathe Works in the interest of more efficient war procluction 

Keep Your 
Lathes in  Tri m  

The old proverb, "An ounce 
of prevention is worth a pound 
of cure", is as applicable to
day as ever. Lathes must be 
"kept in trim" if they are to 
give long, trouble-free service. 
Although the adjustments re
quired to "keep the lathe in 
trim" are relatively simple 
and few, they are important 
and should not be neglected. 
Power Transmission 

M a x i m u m  efficiency and 
production depends on the ef

Adjusl '''e clovelail 9i&S 10 insure accurate work 
fective transmission of power to the 
lathe spindle. The lathe motor should 
always develop its full rated power 
and operate at a uniform speed. 

All belts must be properly adjusted. 
If the belts are too loose they will slip, 
and if they are too tight they will 
cause loss of power through friction. 
The belts should be j u st tight enough 
to transmit the required power with
out slipping. 

Dovetail Slides 

When the adjustment of the dove
tail gibs is neglected, looseness of the 
slides may cause the tool to chatter or 
may result in inaccurate work. The 
gibs should be tight enough to assure 
the necessary rigidity, but not tight 
enough to bind and make the dovetail 
slides hard to operate. 

Tailstock Adjustment 

The alignment of the tailstock top 

should be checked frequently as any 
misalignment will cause the lathe to 
turn a taper. Test this alignment by 
turning and measuring diameters on a 
test bar. Correct the alignment by turn· 
ing the tail stock top set-over screws. 

Don't Abuse the Lathe 

Don't expect the lathe to stand abuse. 
Never use the lathe bed as an anvil 
or straighten shafts between centers. 
Never rap a file against the lathe bed 
or tail stock. 

Write for Bulletin H 4 
Bulletin H4 giving more detailed in

formation on keeping the lathe in trim 
will be supplied on request. Also re
prints of this and other* advertise
ments and bulletins in this series. 
State quantity wanted. 
*Hl, "Keep Your Lathe Clean" 
-H2, "Oiling the Lathe" 
H3, "Installation and Leveling of the Lathe" 

S O U T H B E N D LA T H E W O R K S  
S o u t h  B e n d, I n d . ,  U .  S .  A.  L a t h e  B u i l d e r s  for  36 Ye a r s  
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Smoothly geared 
to duration living 

A home, a headquarters, a stopping-off place 

. . .  The Waldorf-Astoria serves duration living 

needs efficiently, economically . . .  graciously. 

T H E  

WA L D O R F-A S T O R I A  
P A R K  A V E N U E · 4 9 T H  T O  5 0 T H  S f . · N E W Y O R K  

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

buildings, or those whose walls support 
all other parts, and unreinforced 
masonry buildings, fare badly from the 
effects of earth shock," Professor 
Hayes concludes. 

AI R·RAI D U N I T  

Small Truck Carries Al l  

Needed Suppl ies 

I NTEN DED to transport fire-fighting 
equipment and first-aid materials to the 
scene of a fire, a new welded steel hand 
truck is of particular interest for air-

Carry-a l l  for air raids 

. raid service. Allocated spaces on the 
truck provide for water and sand, 
stirrup pumps, hose, shovels, and so 
on. The center steel panel can be used 
as a shelter while fighting a fire. 
Mounting of the truck, which is 43 
inches long, 29 inches wide, and 40 
inches high, is on two fixed and one 
swivel wheels. 

N I G H T  ACCI D E NTS 

On the I ncrease As Result 

of Several Factors 

WITH night traffic accidents show
ing a decided increase in proportion 
to those occurring during the daylight 
hours, street-lighting manufacturers 
have urged municipal and state l ight
ing engineers to maintain their present 
illumination on the nation's thorough
fares, and to increase it in localities 
where war industries have created sui
ous night traffic problems. 

Reports from motor vehicle com
missioners and state police officials re
veal that the decline in daylight traffic 
deaths was not being accompanied by 
a s imilar decrease in night fatalities. 
In the State of New York, one month's 
night fatalities rose 1 9  percent, while 
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daytime deaths decreased 28 percent. 
Night-time fatalities are now two and 
three tenths the number of those oc
curring during daylight on Chicago's 
streets . 

"The nation has been rej oicing about 
an overall decrease in traffic accidents 
without taking much time to analyze 
the reasons for it," says A. F. Dicker
son, chairman of the Street and High
way Lighting Safety Bureau. "What 
at first seems a gratifying result of 
our safety efforts resolves itself after 
closer inspection into a reduction in  
daytime accidents that is merely pro
portionate to the lowered volume of 
traffic. This is not usually true of 
night fatal accidents, however .  In most 
localities their decline is not keeping 
pace with the daylight decrease. 

"The necessary curtailment of street 
l ighting in the dim-out areas is partly 
responsible for this .  Crowded road 
conditions around our war production 
centers have also posed a new and in
creasingly difficult problem. In Michi
gan, for example, 50 percent of the 
drivers involved in traffic accidents 
are factory workers . .  Over one hundred 
service men are hurt or killed on Cali
fornia's roads each month. Three out 
of five persons killed by automobiles 
in Texas for the first half of this year 
were members of our armed fotces. 

"Every safety device must be em
ployed to its capacity in order to con
serve l ife and limb for victory," says 
Mr. Dickerson. "High among them is 
the humble street l ight. If permitted 
to continue its vital function of furn
ishing visibility after darkness has set 
in, street lighting will have contributed 
a full measure to the winning of the 
war. It is as unthinkable to reduce 
street l ighting in this emergency, ex
cept where dim-out regulations require 
it, as it is to imagine that safe, speedy 
transportation is not a cornerstone of 
victory." 

A R M Y  S H O E S  

lvailable in 238 Sizes, 

Plus "Made to Order" 

I F YOU'RE a man with peculiar feet, the 
Army's the place for you these days, 
according to The A rmy Officer. The 
Army's feet that are hard to fit are 
getting special measurement shoes that 
in civilian l ife could cost as much as 
$25 a pair. A survey of Army posts in 
the United States reveals that no army 
in the world has taken so many pre
cautions to assure its soldiers of a cor
rect shoe fit. Any soldier who cannot 
be fitted properly with one of the 238 
different s izes provided in the regular 
service shoe is given special attention 
by an experienced shoe man. Accurate 

I M M E D I A T E  D E L I V E R Y  

LATEST TYPE IND USTRIAL & LABORATORY EQU IPMENT 

With 
A. C. moto, BRONZE GEAR ANO 

CENTRIFUGAL PUMPS Ko. 1 Centrifugal 
No. 4 " 

Outlet 
�iI· 
��. 

Price 

S 1.5. 
13.50 
16.5' 

S25.0' 
32.00 
35.00 No. 9 1 • 

No. 1�� Ge"r ��. Pri
,
ce S 9.00 W!�h A;�. m!'!tor U5." 

No. 2 .. 
No . 3 
No. 4 
No. 7 
No. 9 . .  
No. 11 . .  

�� .. .' " ,. %' �� .. 
1 . 
1��" 

10.00 21.5' 

11.50 28.50 

12.50 SZ.OO 
15.00 n.se 
18.50 49.50 

48.5' OD request 

H EAVY DUTY TWI N  

COMPRESSOR 

Complete automatic twin cylinder outfit 
fully equipped with a heavy duty � 
H.P. motor, air tank (300 Ibs. test-
150 Ibs. A.W.P.) , automatic adjust
able pressure switch, gauge, check 
valve, safety valve and drainer, etc. 
Delivers 150 Ibs. pressure. Displace
ment 1.7 cu. ft. per min. 

M odels D H G Y4 
12" x 24" tank A.C. 110 or 220 v. 60 cycl e  $57.50 
16" x 30" tank A.C. 110 or 220 v. 60 cycle $64.50 
Larue stock of air compressors, Y4 H . P. to 20 
H . P. A.C. and D.C. ,  all vol tages, 1 to 120 
C. F. M. d isplacement, bui lt  for all requirements. ........ -..a-__ �=�_ ...... � ____ �_-..... Additional data on request. 

"BUSH" CONDENSERS 
TINNED COPPER 

Designed for refrigeration 
and air conditioning. Has 
many other uses, High 

heat transfer capacity 
and great emciency, 

Synchronous M otors 
New Emerson 100th H.P. , 900 R.P.M. 1 1 0  volt 
60 cycle hollow 25/32 shaft vertical or horizontal 
mount. no base. Ha. many applications . . . $7.50 

I M M ERSION H EATERS 

Size. 8�' x 10�2 . . . . . . . . . . . . . . . . . . . . . . $5.50 each 
Single Coil, double fin 

Sizes 10% x 11 %, . . . . . . . . . . . . . . . . . . . . $6.50 
Double Coil 

Ideal for heating a small amount of fluid in
stantly. Complete with · approved cord & plug. 
Will fit any drinking glass. 

300 watt 110 volt . . . . . . . . . . . . . . . .  $6.00 
LiuUted number of larger sizes on hand. 500 watt 110 volt . . . . . . . . . . . . . . . .  1.50 

EXHAUST FANS, BUCKET 
BLAD ES 

General Electric A.C. 

1 1 0 volt motors 

R.P.M. cu. ft. Price 
per min. 

9" 1550 550 $12.00 
10" 1500 550 13.50 
12" 1 750 800 18.00 
16" 1750 1800 21.00 
16" 1 140 1650 27.50 
18" 1750 2500 22.50 
18" 1 140 2100 32.00 
20" 1 140 2800 36.00 
24" 1 140 4000 42.08 
24" 850 3800 45.00 

Automatic shutters available for 
above. Other voltages & Frequencies 
available at slightly higher prices. 
Priorities required. 

FORCED DRAFT BLOWERS COMPLETE WITH MOTOR 
TYPE B.P. R.P.M. CU. FT. MIN. INLET OUTLET PRICl! 

o 1!�0 1750 160 4%" 3�.· *22.00 
O�� �� 1750 350 6�':z" 3�.· 25.00 
1 1/8 1750 535 6 '  4��' 30.00 
n� �� 1750 950 7�':z' 6 '  37.50 
n� �� 1750 1900 9\':." 7 " 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 O R  C O . ,  I n c . 
120-. CHAMBERS ST. NEW YORK CITY, N. Y. 
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EDISON STORAGE BATTERIES 
Cells are i n  excellent condition. Complete with 
solution, connections and trays. Prices below -are 
about 10% of regular market price. Average life 
20 years. Two-year unconditional Guarantee. 

A-4 Amp. Hro. 150 • . . . . . • a . ..... 

A-8 Amp. Hrs. 226 • . . . . .  Ea. • ... 
A-7 Amp. Hrs . 262 •.. . . . .  Ea. 7." 
A-8 Amp. Hrs. 300 . . . • . .  Ea. 7." 
B-2(J-3) Amp. Hrs. 37 . . • • . .  Ea . 6.51 
M-8 Amp. Hrs. 11 • . . . . .  Ea. Z." 
L-20 Amp. Hrs. 13 . . . . • .  Ea. Z.51 
L-40 Amp. Hro. 26 . . . . . . Pr. • ... 

All ceU. 1.2 volt. each 

prices are per unit cell. Por 8 volt system 
cell.. 12 vt.-l0 cells. 110 vt.-88 cell •. 

Note: On all cells 75 amps. or less an additional 
chargo of 10% Is to be added for trays. 

H UTCHINSON PRISMATIC COMPASS 
t n .  dta.,  b�aRB. b l a c k  enameled, i m 

p r o v e d  pattern, with opening In toP. 
float i n g  jeweled dial. 2 In.  Each . . . $16.50 

HAND CLINOMETERS, PENDANT 
u .  8. Army Englneero, Oeologl.te, Survey-
Ing, Mapping, etc. Magnifying Eyepiece. 

$
3 . 50 

Lighting 
Gaao H n e  D r t " e u . 

"Delco" 1 0 0 0  " a tt,lI. 

1 2 0  y oI t direct cur

ren t generator. Bin 

gle cyJtnd er, 4: cycle 

air cooled 2 'A1  Inch 

bore, & Inch a troIe, 

1 40 0 RPM , battery 
atar t i g n l t t on. 

Price • • . . . $225.00 
Add i tional data on 

req u e8t.  

HIGH FREQUENCY GENERATORS-AC 

4800 RPM, Ball Bearing, Self Excited . 

400 cycle 115 Volts 200 Watts • . . . • • . • . . .  $65.00 
500 cycle 115 Volts 250 Watts . . . . . . . . . . •  80.00 
500 cycle 115 Volts 500 Watts • . . . . . . . . . .  95.00 
600 cycle 115 Volts 200 Watts . . . . . . . • . . .  65.00 
900 cycle 110 Volts 200 Watts • . . . . • . • . . . • 5.00 

prIsms, BIn oc ulars, BauBch & Lomb used, 
s l i g h t l y  chipped, 1 11/16 Inch long 
by "" Inch wide . • • • • • . . • . . • • • • • • • •  $2.00 
Bunnell 

,
ReSistance Box 1 to 10,000 ohms. 

A beautIful piece of laboratory o r  test 
apparatus. Complete with plugs. . . . . . . .  $30.00 
New 'h H.P. 2-phase 60 cy. 220 V. 3450 
r.p.m. Westinghouse. . . . • • . . . . . . . . . . . . • .  $25.00 

New 1 �4 H.P. 
,
I-phase 60 cy. 110 or 220 v. 

3450 r.p.m. DIehl. Ball Bearing. . . . . . . . .  $55.00 

Motor generator. R & M. 110 D C 312  
H.P., 2 kw.  20 volt 80 amp • • . . • •  : • • •  : • •  : . $120.00 

TRANSMlnlNG 
CONDENSERS 

MICA 
operating volts 1�.-
500, cap. 004. 
Dubllfer. new Sl2.5' 
Dublller, used 10.eO 
Wireless Spec. new 

Wlrelo.. Spec. ·�s:� 
Condenser. Dubl\ler. mica. OD. volts 8.500. c:�:5' 
00. . • . . • • • . . . . . • • • . . . . . • . • . • • . . • . . . . . . . . . . .  $7 .5' 

NICHROME WIRE 
In .tock 

SIZES FROM #39 to . 0 0 1  

U.  S. Army Aircraft, 41 ii�· 
BoUd brass telegraph 
and radio transmlt- SOt i�':,'{.

.
ke�, 

. .  
����e $2�:5 ELf :  

Single Stroke Electric Gon,l 
Edwards 12" bronze DC 6 Ohm Mech. Wound 118." 
Edwards 10" bronze DC 5 Ohm Mech. Wound 15.00 
Edwards 6" bronze DC 5 Ohm Mech. Wound 10.50 
Schwarze 8" 100 Ohm 32 volt • . • . . . . • • • . • . .  10.58 

Engineers U. S. Army Precision Typ. Tripodi 

Keutrel & Esser, precision type hard wood 
4.2" lo ng, 3 "  diameter bro nze p latform wi th 
6 / 1 6 "  # 1 8  threaded stud % "  long. Has 
brass tension adjusting screws, Legs 
rei n f orced w i th cast bronze and steel 
tIps. Weight 6 lb. 
Price . . . . . . . . . .  . . . . . . . . . . . . •  . • • . .  $4.95 

Bind YOir 0 •• SI.rthll, .. t 
U. S. Arm, Parabollo Mlrr.r 

Prolll08 Quality 

Foeal 01 .... 
Dt... L.,na-th ThickneS8 Price 

]0 In. 12 'AI In. 7 / 1 8  In. 75. 
as In. 18 % In. 7 / 1 8  In.  125. 

Made by Bausch & Lomb '" Par -
80ns. Perfectly ground and h i g h · 
Iy polished. 

A few 60 In. slightly used metal 
mirrors on hand $225. ea. 

TUNGSTEN CONTACT D I SCS 
1%" dia. - 1/16" thick. Pure metallic tungsten 
contacts, Machined and polished. 

$2.00 ea. $3.00 per pair. 

U. S. ARMY 

AIRCRAFT M ICRO· 

PHONE 
Manufactured by Western Elec
tric, Breast type carbon micro
phone transmitter, noise proof. 
complete with cord, plul Bnd 
breastplate. Exceptional 
value . . . . . . . • . . • . . . • • •  

$2.95 
En,lneers Prismatic Compass 

Pocket type 3 6 0 ·  Limited quantity. $10.50 

DYNAMOTORS D. C. to D, C. 

24-750 volt. Oen. Electric 200 _ 
mill. • • • . . • . • • • • • • . • • .  $27 .58 

. . 24-1000 Oen. J:Iec. 1000 mill. 
$85.00 

12-350 volt 80 mms • • . • • • • • • • • • • • • • • • • • . . • 1 .... 
12-750 volt 200 mills • • • . . . • . . . . . . • • . . • . • •  1'.01 

32-350 volt 80 mills • • • • • • . . • . . . . . . . . . • . • •  9.0. 

32-300 volt 60 mills • . • • . . . . • • • . . . . . . • . . . . .  7.5' 

"Veedor·lloot" lIeYolutlon Counter 

Silt number, ( ..... ) _-_" dim_no o ... r
al\ 5 ��" lonl, H�' wid., and. 1-5/1'" high. Nu
merals ��" high, nickel plated. Special . . . $7.50 

MOTOR GENERATORS 
120 d .c . , 110 or 220 a.c.,  500 cycles. 250 watt. 

$125.80 to $175.00 
120 d.c., 110 or 220 a.c., 500 cycle, 500 watt. 

$175.00 to $250.00 
120 d .c . ,  110 or 220 a.c. ,  500 cycle, 1 kw. 

$275.00 10 $325.00 
120 d .c . ,  110 or 220 a.c., 500 cycle, 2 kw. 

$300.00 to $425.00 
120 d.c. ,  110 or 220 a.c.,  500 cycle, 5 kw. 

$425.00 to $550.00 
120 d.c. to 400 d.c. 2 kw . . • . •  $225.00 to $275.00 
120 d.c. to 600 d.c. 2 kw. . . . .  $250.00 to $325.00 
U. S. Army Generators, Signal Corps double cur
rent, hand driven ; delivers 8 volts at 5% AMPS, 
and 350 volts at .25 AMPS. 
Bronze Gears in Aluminum Case. 
Approximate Weight : 50 pounds. 

Price $85.00. 
CONVERTERS 

"Wappler X-Ray Co." 1 1 0  or 220 d.c.  Input-75 o r  
150 a.c.  output. 

�� KV A • • • •  $45.00 3 KV A • • • •  $95.00 
1 KVA . • . •  $65.00 5 KVA • • • •  UIO.OO 

B. KV A . . • .  $75.00 

Radio Transmitting Key, large Navy 5 K.W.,  
back connected, splendid action, %" heavy 
silver contacts. . . . . . . . . . . . . . . . . . • • . . . . • •  $10.50 
U. S.  Navy rotary spark gap. enclosed multiple 
electrode, high speed, can handle 10 kilowatt. 
�'4 H.P'f  110 v. vertical motor (specify 
AC or DC) . . . . . . . . . . . . . . . . . . . . . • • • . • . . . . .  $75.00 

Telegraph and buzzer portable sets, mahogany 
case, 2 tone 4 ,contact platinum point high fre
quency buzzer. 2 telephone toggle switches, po
tentiometer, sending key, 3 mfd . condensers. 
transformer and 2 choke coils, receiver. . , .  $10.00 

Webster ��" spark coil, 110 volt, 60 cycle 30 
watts, with vibrator . • . . • • . . . . . • • • . . • • • • • .  $5.00 
Motors, Synchronous, 220 v. 60 cycles 1800 
R.P.M. %H.P . . . . . . . . . • . . . . . . . . . . . • • . . . . . .  $30.00 

Motors, Synchronous, 220 v. 60 cycles 1800 R.P .M. 
\2H.P. . . . . . . . . . . . . . . . . . . . . . . . . . • • . . . . . • • • .  $60.00 

U. S.  N. double current generator, 450 volt at 
250 mills and 9 volts at 3 .75 amp. Complete 
with filter. May be usod as dynamotor • .  $55.00 

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

measurements are taken at all parts of 
the foot, and a plaster cast is made, if 
necessary. To insure that the man may 
continue to get his special measure
ment shoes, his individual lasts are 
tagged with his name and identification 
number and filed for future use. 

RAFT I N F LATO R 

Gas in a Bottle 

Does the Job 

T H A N K S  to a ten-inch steel cylinder 
containing three quarters of a pound 
of l iquid carbon dioxide, Army and 
Navy pilots forced to bail out over 
water now have a seaworthy boat with 

I nflating the seat-pack raft 

them when they reach the surface of 
the ocean. The new device, developed 
by engineers of Walter Kidde & Com
pany, is attached to a rubberized 
fabric boat, which folds up, together 
with eleven items of equipment, into 
a bundle 17 by 5 inches and weighing 
12 pounds. It is worn by the flier as a 
seat-pack. In case of emergency the 
flier turns a valve on the cylinder, re
leasing the gas . which expands 450 
times and transforms the seat-pack in
to a five-foot, six-inch rubber boat. 

D U M B? 

All  Animals Said to Haye 

Means of Communication 

MANHATTAN ElECTRICAL BARGAIN HOUSE,  I NC "  Dept. S , S . ,  1 20 Chambers St. , New York City 

T H ERE are no "dumb" animals. This 
is the belief of Ernest P.  Walker, 
Assistant Director of the National 
Zoological Park, after years of obser
vation of creatures of hundreds of 
species. All, he contend, have some 
means of communication between them
selves. 

For example, he says, "a tiny pocket 
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mouse that l ived on my desk for 
several years appeared to be entirely 
silent. But when I held him against 
my ear I found he was carrying on a 
rapid chattering and scolding. A l ittle 
female of the same species, a tempera
mental spinster, had but to look at him, 
change her expression ever so l ittle, 
and he would almost be cowed. I am 
satisfied she talked to him most effec
tively."  

Kangaroo rats, Mr. Walker, says, 
generally are believed to be "dumb," 
but when two are brought together 
and do not l ike each other they utter 
buzzing growls. Also one will give the 
same sort of call when it is  in the im
mediate presence of a grasshopper 
mouse, its mortal enemy in the wild. 

"I have heard my l ittle kangaroo 
rat," he says, "utter chirps that could 
be heard a distance of eight or ten 
feet. If one of these animals is held 
close to one's ear a series of buzzing 
sounds can be heard-dots and dashes 
in varying frequency and tempo-that 
must mean something to the creature 
who makes them. In their deep under
ground dens a distinct tapping of feet 
or tails can be heard from outside. 
These sounds evidently serve as a 
means of communication between dif
ferent nest chambers within the elab
orate dwelling. 

"My pet grasshopper mouse calls, 
apparently to attract attention. The 
loudest of his calls can be heard by 
the ordinary human ear at a distance 
of 40 to 50 feet. I have seen him go 
through the motions of giving the call 
when the sound was so faint or high
pitched that I would not hear it  when 
I was not more than two to four feet 
away from him." 

The classic "dumb" animal, Mr. 
Walker points out, is the giraffe but 
hG contends that there are authentic 
records that these animals, under the 
stimulus of extreme excitement, utter 
bleating calls. 

M A N H O L E  COVE RS 

Now Made o f  Wood 

to Save Metal 

ENGINEERS have solved one metal 
shortage by the development of wooden 
manhole covers, said to be equal in 
strength and durability to the cus
tomary metal lids. The Los Angeles 
county surveyor's office first manu 
factured the timber manhole covers 
when a local shortage of cast- iron 
covers threatened to delay an essential 
sewerage proj ect at a new war hous
ing proj ect. Recently the WPB pro
hibited use of metal for manhole covers .  

One type of  the new cover uses no 
metal-avoiding even nails through the 
use of glued-in wood dowels to bond 

the wood laminations. In an alterna
tive method the planking is bolted to
gether. 

The cover, weighing approximately 
1 30 pounds, is constructed of two by 
eight inch planking. It has a diameter 
.of two feet, nine inches. ' Built in either 

Wood for metal 

circular or hexagonal design, the covers 
are pressure-treated with a preserva
tive salt solution to provide resistance 
against termites and rot. 

A metal saving of 250 pounds in the 
lid and 250 pounds in the concrete 
frame is possible by construction of 
the wooden covers which may be cut in 
local wood-working shops without ex
tensive fabricating equipment. Alto
gether there are 63.3 board feet of 
lumber in the cover and 0. 140 cubic 
yards of concrete in the supporting 
frame. 

R U B B E R  S E E DS 

From Santo Domingo For 

Experimental Work 

THOUSANDs of seeds from selected 
Hevea rubber trees growing in the 
experimental nursery of the B. F. 
Goodrich Company on the island of 
Santo Domingo were recently pre
sented to the Bureau of Plant Indus
try, United States Department of 
Agriculture, which has under its con
trol a program for promoting the cul
tivation of rubber-bearing plants in 
the Western Hemisphere. Plans to 
collect the seeds have already been 
started by the bureau. 

The experimental nursery in Santo 
Domingo has been in operation s ince 
193 1 .  Test tappings have shown the 
presence of trees yielding as much rub
ber as some of the high�yielding hy
brid trees of Malaya and the Dutch 
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n: . one Qf the objectives a t  Iepp.e was "destruction f a radIO l
.
ocation station �hic� plays an Important part in G man attacks on er-

convoys. " • . • channel 

Watch for radio use in the war news - you'll 
flnd it i n  the air - on the ground - and at homel 

WITHOUT radio, the movement 
of war would still be anchored 

by telephone lines-the physical hazards 
of the courier and visual signals. 

Now war moves swiftly o ver the whole 
face of the earth-instantaneous radio 
communication thru the ether instead of 
over copper wires has blasted the bar
riers of space and time. 

So today all our radio production cen
ters on war use. 

But what of tomorrow-what effect will 
this have upon the future-after victory ? 

One thing is certain-it will revolu
tionize and speed the great new future 
form of transportation. 

Radio has never been universally neces
sary in transportation before. I n  auto
mobiles-on trains-it has been enter
tainment-in boats it has been a great 
aid but not a n  essential. 

But today for the future, in that great 
new universal transportation that is form
ing itself-the airplane-radio is essen
tial as the engine itself. 11(, ' - - Zenith"s leadership in the radio indus-
=- try has been established by a constant 

, - achievement of " firsts . "  Repeatedly. 
ideas "brand new" when Zenith " first" 

Ii . introduced them. later became essentials 
on all radios. And that same "forward thinking" of 
engineers and factory and organization now concen
trates on war production of the thing we know-radio 
-exclusively radio. We are progressing-we learn 
every day-and this new experience will inevitably 
reflect itself when Zenith again produces for peace. 

For over seven years Zenith Radio Corporation has 
advertised on short wave sets-HEurope, South 
America or the Orient-every day or your money 
back." It has never been called upon for a refund. 

-a Zenith Radio Dealer near you is giving reli
able service on all radios - regardless of make. 

ZENITH RADIO CORPORATION-CHICAGO 

BUY U. S. WAR 
BONDS & STAMPS NOW 
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Card and Photo Stereo-Mirro 

(The modern 

single picture 

Stereoscope) 

As useful and fascinating as the 
camera and the movies. Every pic· 
ture appears in three dimensions. 
Valu.able also in strenghtening the 
muscles of the eyes and in the 
treatment of convergent strabismus. 

Price $5.00 

NU-MIRROR CO., Bridgeport, Conn. 

SM ITH &. W ESSON 
&vf}1v� 

S P R I N G F I E L D .  M f\ S S .  

When you write to 
advertisers 

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

New Book on 
ARC WELD I N G  

N ew Edition "Procedure Handbook of 
Arc Welding." Bigger than ever. Wider in 
scope. Latest information on all phases of 
arc welding-the ace process of w ar pro· 
duction and key to progress and increased 
earning power in post-war era. 
Authoritative. Recognized the world over 
as the "bible" on arc welding design and 
practice. Many thousands in use by weld· 
ers, designers, engineers and shop man· 
agers. Standard text in hundreds of schools 
and colleges. 

1 308 pages . 1 8 1 0  i l l ustrations 
Size 6 "  x 9 "  X 13/4" 

A $5.00 Value $ 15 0  po�t. 
tor only _ paid 

($2.00 outside U. S.) 

Ord e r  your copy today. 

Mail order and check to 
SC I ENTI F I C  AMERICAN 

24 W. 40th Street 
New York City, N. Y. 
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East Indies, now controlled by the 
Japanese. 

The trees are also free of the South 
American leaf blight, a fungus dis
ease which has inflicted such damage 
on rubber plantings there that planta
tion development in the past has met 
serious obstacles . 

The trees are the offspring of seeds 
collected in the uplands of Brazil where 

. disease-resistant · varieties at'e found. 
They are better adapted for growth in 
cooler climates than those found in 
equatorial regions, since the seeds were 
gathered from trees of Hevea bras i
liensis ( the world's best rubber pro
ducer ) ,  6 to 10 feet in circumference 
and 70 to 80 feet high, at an elevation 
of 1 100 feet and latitude of 14 degrees, 
South. This is the outer fringe of the 
native habitat of this species of rubber 
tree in the Amazon valley. 

As a result of surveys carried out 
over a period of years by the com
pany, Santo Domingo was chosen as 
one of the most favorable sites in this 
hemisphere for the cultivation of rub
ber, and the nursery was established 
there. 

In addition to the seeds, the com
pany is supplying the Government with 
budwood from the high-yielding trees . 
Both seeds and budwood will be used 
by the United States Department of 
Agriculture in its co-operative program 
with the Dominican Government and 
other Latin-American countries for 
the development of high-yielding, dis
ease-resistant trees suitable for plant
ing in the Western Hemisphere. 

FAN 

Has Plastic Blades for 

Corrosion Resistance 

P LASTI C- I M PREGN ATED reinforced fab
ric is used to replace aluminum in the 
blades of a new type of fan for cooling-
tower use. The hub of the fan, of 
welded steel construction, is  so de
s igned that the blades can be clamped 
into it 'it the desired pitch position. 

TA N K  DESTROY ERS  

Race o n  "Shoes" 

. of Steel and Rubber 

H I G H LY mobile, cannon - carrying 
"tank destroyers," capable of out
sprinting their ponderous quarry over 
battle terrain, are described as a timely 
example of war-time "wedding" of 
steel and rubber. 

The use of an endless-band type of 
track in which steel cables and cross
pieces are imbedded in rubber to form 
a "one-piece" belt, says J. D. Beebe, 
executive of the B. F. Goodrich Com-

pany, has "made possible a wide vari
ety of army vehicles-tanks, tank de
stroyers, and 'half-trac' personnel and 
equipment carriers-which possess new 
low-rolling resistance, freedom from 
noise and vibration, higher speeds, 
higher traction, and greater all-around 
efficiency. " 

These "racing shoes" for the tank 
chasers, Beebe explains, are an out
growth of work originally undertaken 
by his company in developing this type 
of band track for farm and special in
dustrial uses. They are so l ight and 
flexible, relatively, he said, that car
riers can travel almost as fast on them 
as on wheels-over terrain that wheels 
alone couldn't negotiate - and they 
actually use some 200 pounds less rub
ber per vehicle than tires would require. 

LIG N I N  IN P H O N ES 

New Insulating Material 

Made from Paper Waste 

L IGN I N  now stands for a new kind 
of plastic which Western Electric en
gineers have adapted to telephone 
manufacture as a part of the Bell 
System's program of alternative mate
rials that has already released hundreds 
of tons of war-vital materials for mu
ni tions manufacture. 

You're going to hear a lot about this 
use for lignin, since with its develop
ment the engineers have turned a waste 
material into a valuable electrical insu
lation for communication equipment. 

For years the sulfite water waste 
pollution of the nation's waterways had 
been a maj or problem with pulp manu
facturers, a maj or source of woe to 
fishermen. Two-and-a-half years ago 
chemists discovered that a very tasty 
vanilla extract could be manufactured 
from the waste. The introduction of 
lignin as a plastic for piece parts in 
telephone apparatus, however, took 
more than a year of co-operative devel
opment work by W. E.  engineers and 

Makin g  slabs from sheets of l ignin  
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Fitting l ign in  insulation parts 

the chemists from the paper supplier. 
The engineers knew that if they 

succeeded in developing a new plastic 
fiber that would take the place of 
phenol fiber, widely used as an insu
lating material,  they would divert to 
military use such war-essential com
ponents of phenol fiber as cresylic acid, 
formaldehyde, resin, and paper. Today, 
lignin takes the place of phenol fiber 
in about two thirds of its former appli
cations. 

When lignin paper sheets come to 
Western Electric Works, they are con
ditioned to a definite moisture content, 
heated and subj ected to high pressures, 
yielding a tough fiber board with
pound for pound-the strength of steel . 
Lignin fiber possesses good electrical 
characteristics, is less corrosive than 
phenol fiber, is readily punchable, and 
has many of the other properties of 
phenol fiber board. 

Already placed on the lengthening 
roster of new W. E. insulating mate
r ials, l ignin-as a result of continuing 
researches-will take its place in more 
and more manufacturing processes, a 
triumph of science which refuses to 
admit that there is such a thing as 
"waste." 

TAP E R E D  N Y LO N  

Now Available to Replace 

Natural Bristles 

To SYNTHESIZE a paint brush material 
with the taper, resiliency, and tough
ness of natural bristle has been a goal 
of chemists for a quarter of a century. 
It became a national necessity to 
achieve that goal quickly after Pearl 
Harbor, for virtually all bristle had 
been imported from China and Russia, 
and these sources of supply suddenly 
were shut off. 

Nylon paint brush bristles, an
nounced recently for the first time, 
not only have the required taper but 

�lso resiliency, toughness, length, and 
mertness to paint ingredients. More
over, they wear at least three times 
longer than natural bristles. The 
achievement of this tapered synthetic 
culminates five years of intensive re
search in DuPont laboratories. 

Today, the Government is  preempt
ing for military uses the entire output 
of a busy pilot-scale plant. Early next 
year two full-scale units are expected 
to be in production, but their entire 
output will be required by the military. 
Nylon paint brushes for civilian use 
must wait. 

In 25 years of experimentation vir
tually every type of resin material had 
been tried. Then came nylon, the first 
satisfactory synthetic bristle material. 
It was introduced in uniform diameters 
in 1938. Wearing several times as long 
as natural bristle, it soon was used in 
most of the quality toilet brushes as 
well as brushes for 22 different kinds 
of industries. 

A year prior to this public introduc
tion of a level bristle, Du Pont had 
started its chemists and engineers to 
work on tapered nylon. It was a com
paratively easy job to spin a level fila
ment of tough, res,iU�nt nylon. To spin 
a tapered filament was something else. 

All kinds of ingenious spinning de
vices were designed, tried, found want
ing, discarded. There was no "magic" 
at work here ; rather it was the "sweat" 
o( chemical engineering. Finally a 
taper was achieved by pulling a con
tinuous nylon filament from a special I 
spinneret at a controlled variable speed. 
That is, the size of the hlament varies 
with the speed of pulling-thick dia
meters resulting at slow speeds, and 
thin diameters at fast. 

This solved only one of many prob
lems. Nylon filaments, after being spun, 
have to be drawn to several times 
their original length ; that gives them 
their strength and resiliency. To draw 
these tapered filaments to several times 
their original length without snapping 

. them at the thinnest sections was not 
easy. More months of labor and more 
research funds were given to this work 
before a satisfactory technique was 
developed. 

Means of conditioning the filaments 
so they would not curl, and of auto
matically cutting them to ordered s ize, 
had to be figured out before a plant 
could start operating. "Bugs" and 
"kinks" showed up, but were overcome. 
At last the day came when tapered 
nylon streamed from the spinneret in 
quantity, ready for allocation to war 
j obs. In reality, the chemist and engi
neer, as they have so often done in 
the past, had produced a material supe
rior to Nature's own in many of its 
properties. 
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TH E H EN RY SYSTEM 

Of Finger Print 

Classification 

and 
Identification 

ia now in use by mOlt 
of the Police Departments in the 
United States. It ia also the system 
which applicants for many Civil 
Service positions must master befort' 
they can successfully fill all require· 
ments. 
The only book based on the Henry 
System ia Frederick Kuhne's 

"TH E FINGER PRINT 

I NSTRUCTOR" 
[n this 182-page book, written by • 
noted finger print expert who was 
for many years in the Bureau of 
Criminal Investigation, New York 
Police Department, will be found 
complete instructions on every phase 
of the work from taking the prints 
to final identification. Numerou. 
photographs and . reproductions of 
prints make all details clear. 
Used by many governmental and 
industrial personnel departments 
and by the F.B.I. 

$4.25 postpaid 
New 1942 Printina 

Order From SCIENTIFIC AM ERICAII 
24 West 40th Street, New York. N. Y. 

INVENTORS 
INDllSTRV NEEDS VOllR 

IDEAS NOW! 

TWO R EASO NS:  

I Manufacturers are 
getting ready NOW 

for post war sales and 
producUon-

2 �:t��e�OW�re 
m:e��: 

Ing products their ex'':' 

You Need Thi. �:���; f:;;;,�\�" mc;;'s� FREE BOOK have products to take 
up the slack after war orders stop. Your 
chance comes with patent protection now
delay may endanger your chance. Get our 
NEW FREE Inventor's Book today and valu
able "Invention Record" form. This request 
does not obligate you. Act now. Write today. 

McMORROW & BERMAN 
Registered Patent Attorneys Before U .  S. patent . 
Office, 1755 Albee Bui lding,  Washington, D. C .  

• Send me your NEW FREE Book, "How To 
Protect, Finance and Sell Your Invention" . 
and specially prepared " Invention Record" 

• form at once. I understand that this request 
does not obligate me. • NAME . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 
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o to . 
englne-dl

are on white 
enameled metal. Perma
nently accurate. Dla. 8��· . 
Large flgures and gradu
ations eliminate eyestrain. 
Exceptional value and 

utility. Price with Instructions $5.00. cash or 
O.O.D. Durable case 80c extra. Circulars free .. 
Your money back It you are not entirelY

. 
satisfied. 

GlIson SUde Bole Co., Stuart. Fla. 
Slffie Rule Mak ..... sfnce 1915 

E A RTH,  MOON A N D  STARS 
By FRED L. WHIPPLE 

Member of the Harvard College Ob
servatory staff presents authentic 
known facts on the planets, how the . 
system holds together, the discoveries 
of N" eptune and Pluto, determining 
the masses of the Earth and other 
bodies, the Earth as an abode of l ife, 
the Moon's influence on the Earth, 
observing the Moon, nature of the 
Moon ; also on Jupiter, Saturn, Uran
us, Neptune, Pluto, Mercury, and 
Venus, and on Mars ; also on origin 
and evolution.-$2.60 postpaid. 

FOR SALE BY 
SCIENTIFIC AMERICAN 

24 W. 40th St. New York City 

* BUY WAR BON DS * 

MAKE YOUR OWN 
TELESCOPE 

at a cost of less 
than $25. 

working from Inexpensive, 
prepared kits of glass, abra
sives, and. pitch, and by fol
lowing the practical detailed 
Instructions In 

"AMATEUR 
TELESCOPE MAKINS" 
Thill be.inner'e book, from which 

more than 25,000 telescopes have 

been made by amateurs, Kivee ele

mentary information on how to plan 

and build the mounting, how to 

.. rind, polish, and accurately ehape 

the essential glase parte by hand. 

All neceseary data are presented in 

easily understandable form. 

OYer 500 pages Profusely illustrated 
$4.00 postpaid, domestic 

$4.35 forelen 

SCI ENTmFIC AMERICAN 

24 Wilt 40111 Str.et, Hew York, H. Y. 
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I n d ustrial Growth  

New Products a nd Processes That Reflect App l ications 

of Resea rch to Industria l Production 

RAPID  P LATI NG 

Possible With New High

Amperage Brush Unit 

WH EREVER an electrical outlet is  
available, it is possible to set up 
a new portable brush-type electro
plating unit and to accomplish overall 
or touch-up plating with a wide variety 
of metals .  The power unit itself weighs 
only 30 pounds, has duplicate outlets 
so that two operators can use it at once, 
and delivers controllable power of from 

Brush p lus paste plus current 

to 25 amperes, D.C., at from 2 to 10 
volts. Although designed for A.C. 
operation, the unit may be used on 
D.C. with a converter. 

The portable nature of this unit 
makes it feasible to apply metal plating 
to parts of equipment without dis
mantling ; the unit is connected to the 
part to be plated and the operation is 
completed right on the job.  Electrical 
companies are using this plating 
method for protecting copper bus-bars 
and switch parts against corrosion by 
the use of a silver coating, thereby at 
the same time obtaining higher elec
trical conductivity ; it is being used to 
apply zinc over welded seams where 
the protective coating has been burned 
off ; anti-corrosion deposits are being 
made with it on vats, tanks, and so 
on ; it will deposit hard nickel-cobalt 
facings on steel press dies ; in other 
fields it is finding similar and even 
more wide-spread uses. 

The power unit is connected, when 

in use, to the part to be plated by. one 
cable ; another cable terminates in a 
metal anode, the composition of which 
is determined by the metal to be de
posited. This anode, in the plating unit 
made by Consolidated Equipment, is 
enclosed in a nylon filament brush of 
a size corresponding to the anode and 
to the work to be done. The work 
pieces, after cleaning and preparing, 
are coated with a plating solution in 
thin paste form, the paste being ap
plied by the brush and kept in a state 
of constant agitation. The result, it 
is claimed, is a uniform deposit of 
close-grain plated metal which is com
pletely and securely bonded to the 
base. Speed of application is high ; for 
example, a .00025 of an inch plate 
of pure s ilver can be applied over an 
area of one square foot in approxi
mately 30 minutes. Tin, cadmium, zinc. 
copper, and so on, can be deposited at 
comparable speeds. 

T I M B E R  T R USSES 

Used in Construction of 

Pre-Fabricated Plant 

A STR I K I N G  example of the use of 
pre-fabricated structural timber is af
forded at a large aircraft plant nearing 
completion in eastern Canada. The 
production floor of this factory has 
eight bays 99 feet wide with columns 
30 feet apart in the other direction. A 
sawtooth roof, framed into the main 
trusses, provides natural light through
out the plant. 

Main trusses, of 99-foot span, have 
top and bottom chords of two 6 by 
14-inch timbers, with verticals of single 
6 by 10 to 6 by 14-inch pieces between 
the pairs of chord members. The dia
gonals are pairs of square roc:s welded 
into slotted gusset plates that have 
flanged shear plates welded to them for 
connection to the timber truss mem
bers. Split-ring connectors and bolts 
are used for all wood-to-wood con
nections. 

Columns are formed with two pieces 
of 6 by 16's and one 7 by 16, the latter 
being in the middle. The members are 
made into a laminated unit by inserting 
ring connectors and drawing the pieces 
tightly together with bolts. Through
out most of the factory the columns 
have an unsupported height of 22 feet 
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to the unders ide of the trusses, but this 
is increased to a clearance of 35 feet 
under the trusses at one end. The col
umns extend to the top chords of the 
trusses, which are spliced on a s ingle 
gusset plate at that point. 

Over 1 ,000,000 board feet of Doug
las Fir timber were required for the 
structural frame, and more than 100,-
000 ring connectors were used. The 
complete frame was accurately pre
fabricated at a West Coast plant and 
shipped to the site, knocked down and 
marked, ready for assembly and erec
tion.-Engineering News-Record. 

G R EASE SOLV E N T  

Used With Water 

As Vehicle 

ACCUMULATED grease on concrete 
floors is readily and completely re
moved by the use of a new solvent 
known as Turco Aktiv. This solvent 
is marketed in granular form and is 
to be dissolved in water before use. 
A suitable solution is mopped on the 
greasy floor and allowed to stand for 
three to 15 minutes .  The solution, to
gether with the dissolved grease, is 
then mopped or brushed up ; while 
working, it does not fume and is non
toxic. 

POWER PACKAG E 

Provides Many Items for 

Special ized Purposes 

A NEW driving mechanism-the 
power package-has been especially 
devised for use in aircraft subassem
bl ies. The design of a particular 
power package depends upon the ap
plication for which it is built and 
designs are now available for such 
applications as bomb-door operation, 
landing-gear and wing-flap operation, 
and operation of control and protective 
devices. 

The new General Electric power 
package combines in one compact unit 
as many items as a motor, brake, 
clutch, and limit switch as well as in
dicators, gears, and whatever else is 
required to do a specific j ob. They are 

For specific power jobs 

designed for 24-hour service, and can 
be obtained in ratings from about 
1/ 100 to 3 horsepower. 

Each element in the power package 
is reduced to its s implest terms to save 
weight and space. For instance, where 
either a brake or a clutch could be 
used, the brake is chosen because it has 
one moving part while the clutch has 
two. 

A new planetary gear system per
mits the use of a magnetic brake in 
the power package for some applica
tions . The brake is of the quick-acting 
friction type and stops the motor 
quickly to prevent overtravel and con
sequent jamming. 

STAA I N  GAGE 

Now Available For 

Structural Testing 

T HE Porter-Lipp strain gage, an 
American built instrument, is now of
fered to meet the demands of the recent 
rapid development of volume and tech
nique of structural testing in this 

Accu rate to 0.00002 of an inch 

country. A mechanical type of gage, 
the Porter-Lipp is accurate, light, com
pact, rugged, and convenient, yet in
expensive. The strain multiplication 
factor ot this gage is approximately 
300 and it has a range of 0.008 of an 
inch or better. 

\Veighing only 0.4 of an ounce, the 
gage has overall dimensions of 1 % 
by 2 by Ys of an inch. It is graduated 
so that each division corresponds to 
a strain of approximately 0.0001 of an 
inch and has a readable accuracy of 
0 .00002 of an inch for a gage length 
of one inch. 

The gage is said to meet the require
ments that have grown out of the 
specialized needs of the present emer
gency and to have proved itself supe· 
rior to s imilar devices imported from 
Europe before the war. 
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Experimental and Model Work 
Flne Instruments and Fine Machinery 

Inventions Developed 
511eelal Tool., Dlea, Gear Cutting, Mc. 

HENRY ZUHR, Inc., 1 87 Lafayette St., N. Y. C . 
1" Bi-convex lens 1 ) 2 "  focal length 20c 6 for $1.00 
9-16" Bi-convex lens 1" focal lengh 15c 8 for $1 .00 
The above two lenses in a Camera View-

Finder . . . . . . . . . . . . . . . . . . . . . . . . .  45c 3 for $ 1 .00 
1 1 - 16" Plano-convex lens 4%" focal 

length . . . . . . . . . . . . . . . . . . . . . . . .  12c lO for $ 1 . 00 I ;�" X %" Watch size 150 to 1 ratio Gear 
Box . . . . . . . . . . . . . . . . . . . . . . . . . . . .  35c 3 for $1 .00  

2�� X 1 ;� A.C.  110  volt Clock Motor 15 
minutes per one revolution . . . . . . . . . . . . .  $2.50 

ALNICO MAGNETS? If you need them for War 
uses ; we can supply some. For pleasure NONE. 
Buy War Bonds. 

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

B ETT E R  PICTU RES 
A R E  EASY T O  TAKE • • • •  

• • • if you know 

• few of the simple fundamental require

ments. Once you find out · how your cam

era works, learn how t. make correct ex

posures, and master the basis of compo

.ition, your camera results will show im

mediate improvement. You need not 

wade through text books, dr'Y treatises, 

in order · to obtain this infermation. Into 

"So You Want to Take Better Pictures," 

the author, . drawing on a varied experi

ence in photography, has packed juot the 

things you need to know. Questions and 

problems have been anticipated, answered 

in detail, for the camera owner who has 

his developing and printing done at the 

photo shops. Written as a running story 

of your camera and how best to ule it. 

"So You Want To Take 
BETTER PICTURES" 

By A. P. PECK 
"$Iodate EditoT, Sdentific AmeTic ... 

per 
Copy 

( Plus 10 
cents postage) 

Order direct from 

M U N N  & CO., I NC. 

24 West 40th Street, New York City 

Tree Boolts 
I 

, ' 0 "  
� � . 
-::; ; . 
.�� I (.J � CQ  ci�£ I 

by these books. With books we I g-g � I 
also send Free Evidence of Inven- I �.o::Q I 
t ion form, that you can use to .: 5 "0  I p<;tablish date of disclosure. Ie -e; 0 s:1 
Prompt service, reasonable fees, . u � .,., � I rle!erred payment plan. Strictest � ;;.- 'O  � 
,<:;pcrecy. Highest references. Write I � UJ � I llS tn conftdence or mail the � �,2s: I f"onpon. The facts tn our Ie:( iii go: : . ' 
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15,000 
FORM U LAS 

• • • 

1077 
PAG ES 

• • • 

IN 

H OPKINS' 

"CYCLOPEDIA 

OF FORM U LAS" 

Thousands of copies of this ac
knowledged leader among books of 
formulas are being used daily for a 
number of purposes. Industrial 
laboratories find it an invaluable 
source of reference material ; many 
spare-and full-time businesses have 
been built up on one or more of its 
formulas ; home workshop hobbyists 
constantly find new thoughts in its 
pages. 

Wines and liquors, inks, dyes, pol. 
ishes, paints and varnishes, adhe· 
sives, cosmetics and antiseptics are 
only a few of the sections of this 
all·inclusive book. 

$5.50 postpaid (Domestic) 

Order From 

SCIENTIFIC AMERICAN 

24 West 40th Street, New York, N. Y. 

Owners 0/ 
"AMATE U R  T E LESCO P E  MAKI NG" 

who have been bitten deeply by the 
hobby bug of glass pushing will find 
a competent guide to advanced mirror 
technique, flat making, eyepiece work, 
telescope drives, aluminizing, observ
atories, and many other aspects of 
the optical hobby in the companion 
volume 

"AMATEUR TELESCOPE 

MAKING-ADVANCED" 
This is a wholly different book 
from "Amateur Telescope Making." 

650 pages 359 illustrations 
Over 300,000 words 
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$5.00 postpaid, domestic 
$5.35 foreicn 
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24 West 40th St., New York, N. Y. 

----------AV I AT I O N  ----------

F r e i g h t  P l a n e s  

Future Cargo-Ca rriers of the Air May Su pplement, 

But a re U n l ikely to Su pp lant  Su rface Tra nsportation 

A L E X A N  D E R  K L E M  I N  
Aviation Editor, Scientific American. 
Research Professor f Daniel Guggenheim 
School of Aeronautics, New York University 

NO ONE is more confident of the 
future of air transportation than 

the writer of this column, but he is also 
aware of the danger of undue expecta
tions against which W. A. Patterson, 
youthful, energetic and capable presi
dent of United Air Lines, voiced a 
timely warning. In his address before 
the National Industrial Conference in 
New York City, Mr. Patterson said : 
"The airplane is destined to occupy 
a much more important place in the in
ternational scheme of transport and 
communication of our new world. 
However, I feel this picture is being 
harmfully distorted by over-enthusi
astic predictions of the extent of post
war use of the airplane for freight 
transportation." 

The speaker predicted that all first
class mail of the future would prob
ably be carried by air, that the airl ines 
and the railroads would compete for 
certain types of passenger traffic and 
for certain types of express package 
traffic. But quite definitely the airplane 
would not make serious inroads on the 
freight revenues of railroads and 
steamships. The reasons given were 
similar to the reasons offered by those 
who oppose too great a concentration 
of our war effort on cargo airplanes, 
and comparable to considerations which 
led the Navy Department to cancel 
an order for great numbers of the 
Vought- Sikorsky cargo-carrying fly
ing boats. 

For freight carrying, the airplane's  
service is too l imited and too expensive 
and the following remarks are cogent 
and conclusive : "Based on peace-time 
conditions and using as examples the 
present types of operating equipment,  
a normal freight train could deliver 
1 560 tons between Chicago and San 
Francisco at a total cost of $50,000. 
A fleet of 57 airplanes of the DC-3 
type, now in use on commercial air
l ines, would be required to carry the 
same amount of cargo between the 
two cities in one month, at a total 
operating cost of $1 ,750,000." 

If  ocean-going cargoes are consid
ered, the situation again is  definitely 

not in favor of the airplane as far as 
heavy, large quantities of freight are 
concerned. A 1 3,000-ton freight 
steamer of the type now being con
structed for the Maritime Commis
sion could carry 6400 tons between San 
Francisco and Australia in the round 
trip time of two months at a total 
operating cost of $120,000. A total of 
144 airplanes of the four-motored type 
would be required to transport the same 

U n ited's Patterson 

amount of freight in the same period 
of time at an operating cost of about 
250 times as much. Even if advanced 
engineering research was utilized in 
reducing transportation costs by air 
from, say 40 cents a ton mile, to 1 0  
cents a ton mile, the cost would still 
be many times greater than the cost of 
surface transportation which measures 
its ton-mile costs in mils, not in 
cents . 

Four conditions have to be met be
fore freight, properly speaking, as dis
tinct from express, can be carried by 
air. They are : An emergency has to 
be met ; an opportunity exists for sa v
ing in warehousing and inventory 
costs ; commodities are so valuable that 
financial and insurance costs are im
portant ; surface transport is  inadequate 
or non-existent. Mr. Patterson is per
fectly right in his contentions. Air 
cargo will supplement but not supplant 
surface transportation, and fears that 
railroads and steamships will disappear 
under the competition of the airplane 
are groundless. 
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Z E R O  T R U T H  

I s  Not s o  Alarming as 

Early Reports Indicated 

WE have heard so much about the 
deadly Japanese Zero fighter, and what 
it was doing to our boys in the Pa
cific, that we have taken special pains 
to ascertain the truth from a reliable 
source. The Zero is a s ingle-seater 
fighter, equipped with a WOO-horse
power air-cooled engine. It is of mod
ern aerodynamic design, and in the 
hands of one of our test pilots it has 
fully l ived up to its reputation of high 
maneuverabil ity, fairly high speed, 
wonderful climb and ceiling. It does 
not come anywhere up to the speed of 
our fighters, though it has comparable 
climb. 

The Zero is much lighter for the 
same horsepower than American 
machines, and, of course, very much 
lighter than American single-seater 
fighters which have greater engine 
power. It is excellent as an interceptor 
of the bomber plane. But these fine 
qualities have been attained by the ruth
less sacrifice of others, namely, fire 
power, armor protection for the pilot, 
self-sealing tanks, and ruggedness. If 
the Japanese plane can instantly get 
on the tail of one of our machines 
because of its greater maneuverability, 
then our man is l iable to be in real 
hazard. But if the fight goes on beyond 
the first burst of fire, then the Ameri
can machine with its greater fire
power, its self-sealing tanks, its robust 
construction, and abil ity to withstand 
fire can almost invariably knock the 
enemy out of the sky. The s ituation 
is not so alarming after all !-A .K. 

WART I M E  P R O P E LL E R S  

A r e  Blacked Out by 

Conveyor Painting Process 

FOR the duration of the war, the 
bright, flashing, beautiful surface of 
an airplane propeller has gone, be
cause experiments have shown that a 
dull, black-painted blade reduces visi
bility to the enemy and also produces 
less reflected glare for the pilot. For 
safety when on the ground these days, 
the tips of the blades are painted yel
low. For this additional task of black
ing out the propeller, Hamilton-Stand
ard devised a rapid conveyor-type 
spraying process .  The endless-chain 
conveyor takes the blades through sev
eral chambers in which the several 
operations in the paint j ob are carried 
out, and blackened blades can be turned 
out at the rate of one every minute, 
the entire operation requiring only 41 
minutes. In the first chamber the blades 

One a min ute 

are cleaned in hot, vaporized "tricethy
lene", which removes all dirt and 
grease. Next, the blades are put into 
a chamber where blowers dry and cool 
them. A priming coat of z inc chromide 
is sprayed on in the third compart
ment, and drying at 160 degrees, Fah
renheit, and cooling by blowers carry 
on the process .  Then the tip is sprayed 
with yellow paint, and the blade passes 
on for the final coat of black paint. 

So perfectly balanced must an air
plane propeller be, that it is carefully 
re-balanced after the above operations, 
even though the applied paint weighs 
but a small fraction of the weight of 
the whole propeller .-A .K. 

P A R A C H U T E S  

Pioneer Parachutist 

Writes a Manual 

T HEim are some interesting items to 
be found in the "Parachute Manual,"  
written by J .  Floyd Smith. A historical 
note : on July 24, 1808, a Pole, J odaki 
Kuparento, safely escaped from a 
burning balloon with a parachute-the 
first recorded instance of a parachute 
being used for life saving purposes.  
The early chutes were of many and 
varied des igns and had very little sta
bility. Fatalities were frequent. But 
in 1880, an American, Captain Thomas 
Baldwin, invented the vent in the peak 
of the canopy. The escaping air 
causes a vortex which provides a 
stabilizing effect on the parachute 
during the descent and enables the 
j umper to select his landing location 
with more safety and wider latitude. 
S ince those early days the technique 
of the parachute has developed enor
mously. Parachutes now open very 
quickly, avoid shock, though they may 
be heavily loaded, are ready for in
stant use, and give splendid service 
to our air troops .-A . K. 
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Army Haversacks 
heavy canvas, 7% by 11 
inches, with pockets, second 
hand, with leather sling. 
Postpaid for 75 cents. 1940 
75th Anniversary catalog, 
308 pages, 2000 !llustrations. 
mailed for 50 cents. 1943 
circular for 3c stamp. 

Francis Bannerman Sons 
501 Broadway, N. Y. 

LIGHTING UNITS 
For All Uonsnal Applications 

Photo Chemical tubes 
Black Lite lamps for spectacular effects 
Ultra Violet for the laboratory 
Mercury Tubes for testing lenses and fiats 
Sodium Lights for refractometers, etc. 
Photogramatic Lamps for contour devices 
Fading test lamps 
Hydrogen and Helium lighting outfits 
Photocopy and Copy-Board Units 
Commercial Color and Rust Recognition Lamps 
FlUorescent and Infra-red Units 
Mineralights for mineral recognition 

KEESE ENGINEERING COMPANY 
Hollywood, Calif. Dept. 8FL 

Lighting Engineers for 50 years 

METALLURGY 
By Carl G. Johnson 

TEX,TBOOK, .w ritten especially for home 
readers. Recommended to those who 

are working in industry and who seek 
some general know ledge of why metals 
behave as they do. Not a complete, de
tailed book, but an introduction. Emphasis 
is on the practical. Coverage : properties 
?f �etals ; chemical metallurgy ; produc
Ing Iron and steel ; physical metallurgy ; 
sh aping and forming metals ; commercially 
important non-ferrous alloys ; light metals 
and alloys ; copper and alloys ; steel ; heat 
treatments for stee l ;  surface treatments ; 
alloy or special steel s ;  classifications of 
steel s ;  powder metallurgy ; l iterature of 
metallurgy. Physical metallurgy is stressed 
more than chemical metallurgy. The au
thor is  Assistant Professor of  Mechanical 
Eng�neering at the Worcester Polytechnic 
Instltute. (�62 pages, 5 y, by 8 Y4 inches, 1 2 7  1lIustratlons . )  

$2.60 postpaid 

Order From 

SCI E N T I F I C  A M E R ICAN 
2 4  W .  40th Street, N e w  York, N .  Y_ 

Take first step to protect your 
rights to your Invention-without 
cost. Mail coupon today for Free 
"Record of Inventilon" fann and complete ,instructions 
for making legal disclosure of invention and 
establishing date. We also send 48 page free Book. 
"Patent Guide for the Inventor" telling importance 
of prompt action; how to sell and market your 
invention; how to make Application for Patent; 
examples of Successful inventions. Also details 
of how a Patent protects you ; our reasonable 
charges for preparing applications including official 
drawings and technical specifications; confidential 
search service to be reasonably certain Invention 
is patentable; prompt service; strict secrecy ; pla.n 
for you to pay in small payments as application 
progresses; other facts you want to know about 
Patent Protection. Mail coupon for Free "Patent 

"Guide" and "Record of Invention" form today. 
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DEFENSE TRAINING SCHOOLS 
are using these practical avia· 
tion books in their curricula 

Elementary Aerodynamics 
D. C. M. Hume $ 1.60 
144 pp. 54 mus. 
This book has been written for the 
specific purpose of supplying the 
younger students of aeronautics with 
a concise and accurate outline of the 
esseutial science that lies behind the 
fact of mechanical flight, so that they 
may understand and apprec,iate the 
intensely interesting field of research 
and engineering that next awaits their 
attention. 

Aircraft Blueprint Reading 
Almen & Mead $ 1.10 
127 pp. 
The first thorough going, practical 
book on this vital subject. Provides 
simple prints with complete explana
tion of the information they furnish 
and how it is furnished. As a text, it 
has found wide application and exten
sive use among aircraft students. 

Practical Mathemat�cs of 
Aviation 
A. C. Downer 
124 pp. 

$1.10 

Here are the fundamentals of mathe
matics applied to aviation problems
for Vocational, Industrial Adult Train
ing Courses. Has proved most useful 
to men preparing for jobs in aviation. 

Aircraft Maintenance 
Brimm & Boqqess $2.60 
512  pp. 700 muS. 

The young student or beginner will 
find this text simple, clear, and readily 
understandable, a book to live with, 
to study at home, and to keep handy 
for reference in the shop. It is in use 
among leading transport operators, 
universities, private aviation schools, 
trade schools and the air services of 
the U. S. Army, Navy and Coast 
Guard. 

Aircraft Engine Maintenance 
Brimm & Boqqess $2.60 
479 pp. 500 iIlus. 

SouRd and accurate enough for the 
most exacting engineer, simple and 
clear enough for the beginner, detailed 
and practical enough for the shop 
worker. Used as widely as its com
panion volume above. The most com
plete and comprehensive instruction 
book ever written on the maintenance 
of aircraft engine_ 

. 

Aircraft Inspection Methods 
N. Bartholomew $1.35 
128 pp. 43 mus. 

The essential requirements of an air· 
worthy airplane presented simply and 
clearly for the student, mechanic, 
draftsman, instructor, inspector, and 
manufacturer of planes and materials. 
The text has been approved by memo 
bers of the Army and Navy Air Corps. 

Prices quoted include domestic 
postage. For foreign postage, 
add 25 cents. 

Order from 

SCIENTIFIC AMERICAN 

34 West 40th Street, New Yerk, N. Y. 
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THE BOOK DEPARTMENT of Scientific American is conducted, with the  

co·operati on of the Editors, to make ava i lab le  for  you  a comprehensive book 

service. Each month the Editors select and review i n  these columns new books 

i n  a wide range of scientific and technical  f iel ds. In add ition, they are ready 

at all t imes to advise you regarding the best avai lable books on  any sub· 
ject. You are i nvited to use this service freely. Tel l  our  Book Department 

what k ind of books you want and you wi l l  be furnished with the names of 
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cific; . remember that we can be of  the g reatest he lp  only when you te l l  us 
j ust what you are looking for. Books l isted in  these columns may be ordered 

from our Book Department. 

YOUR INCOME TAX 

By J .  K. Lasser 

B
RIEF, straightforward explanation in 

clear, non-technical language of what 
must be done about your federal income 
tax, when and how to do it. Simply, yet 
completely, arranged with excellent cross
references. For those preparing their own 
or first return ; for those interested 
primarily in legal deductions ; for men in 
the Armed Services ; for salaried men, 
business men, partnerships, husbands and 
wives, farmers, estates, trusts, and minors. 
Contains list of possible deductions avail
able to those in 312 different j obs and 
professions. By mailing postcard con
tained in the book, you may obtain free 
supplementary service to keep abreast 
of federal tax law changes prior to March 
15 ,  1 943 ; also, a free supplement cover
ing income tax laws for your state. Author 
is a Certified Public Accountant. ( 1 5 1  
pages, 8% by 1 1  inches, indexed. ) -$1 . 10  
postpaid.-A .D.R., IV.  

POPULA R  M ATHEMATICS 

By Denning M iller 

A
NODYNE for those who have mathe
matical indigestion. More than any 

of the numerous mathematical crutch 
books recently published, this one gets 
down to the average lone sufferer's level 
and it really purrs. That is, the text is 
more largely chat than formula, and its 
atmosphere is friendly and helpful and 
distinctly sympathetic. It  is  to a typical 
textbook as a kindly outside tutor is to a 
sour, dour, case-hardened, classroom in
structor. Ground treated is  arithmetic, 
geometry, algebra, analytical geometry, 
trigonometry, conic sections, solid geome
try, spherical trigonometry, calculus. The 
coverage is not complete ; it would not 
stand alone. It is, rather, a collateral book 
-and good friend. (616  pages, 5% by 
8}:4 inches, illustrated. ) -$3.85 postpaid. 
-A.G.I. 

SCIENCE REMAKES OU R  WORLD 

By James Stokley 

ApPLIED science has many aspects and 
so has James Stokley, whose competence 
to present and elucidate them to a science
minded public is based on many decades of 
background in interpretive science writ
ing. Here he deals with explosives, tomor
row's fuels, plastics, chemical clothes, 

rubber, agricultural and medical chemis
try, vitamins, new metals, metals from 
sea water, glass, aviation of the future, 
electronics, radio, l ight sources, the atom, 
new power sources-all in a way to in
struct and entertain. (299 pages, 5:l4 by 
8:l4 inches, 35 illustrations. )  -$3.60 post
paid.-A.G.I. 

A·C CALCULATION CHARTS 

By R. Lorenzen 

H
IGHLY specialized time-saver, in the 

form of 146 charts, for engineers and 
others who work on electrical communica
tion and power problems. With the 
straight-edge, provided in a cover pocket, 
it is possible to solve all alternating cur
rent calculations in series circuits, para
llel circuits, series-parallel and mesh cir
cuits, at frequencies from 10 cycles to 
1 000 megacycles. ( 1 0  by 12y.; inches, 
printed in two colors . ) -$7.60 postpaid.
A .P.P. 

NEAR HORIZONS 

By Edwin Way Teale 

R
ELATIVELY few scientists are heavily 

gifted with l iterary charm, while some 
of the most charming writers who have 
ventured into scientific realms were not 
very scientific. This author's writings do 
have charm and they also are scientific. 
This delightful work is an account of in
timate observations of insect lives and 
affairs in an "insect garden"-j ust a typi
cal patch of farmland. Its intimacy with 
the insect world is  easily doubled by the 
author's remarkable close-up insect pho
tography-not of dead bugs on pins but 
of real live ones in the field. This piece of 
writing should endure like those of Fabre, 
which it resembles. Not for study but for 
enj oyment. ( 3 19  pages, 7 by 9:l4 inches, 
1 00 illustrations. ) -$3.85 postpaid.-A.G.I. 

AMERICA AT WAR 

By S. Van Valkenberg, E llsworth Huntington, 
W. W. Atwood, Jr., W. Elmer Ekblaw, 
Clarence F. Jones, Earl B. Shaw. 

S
TUDIES of and information on such vital 

wartime matters as The Quality of the 
People ; Our Land and its Coastline ; 
Terrain and War Strategy ; The Climatic 
Factor ; Foods for Defense ; Industrial 
Capacity and Supplies of Raw Materials ; 
United States Atlantic Defense ; United 
States Pacific Defense ; America and 
Peace. The six authors, each covering a 
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global and geographic phase which is his 
particular forte, offer this solid and pro
found treatise on the factors to be consid
ered if a lasting peace is  to be achieved 
after the war. ( 296 pages, 5:J4 by 9 
inches ; maps, charts. tables, index. ) 
$2.60 postpaid.-A.D.R., IV. 

PLASTICS, PROBLEMS A N D  PROCESSES 

By Dale E.  M ansperger, M .  A.,  
and Carson W. Pepper, M .  A.  

T
HE whole story of plastics, including 
a resume of manufacturing processes 

and a number of chapters devoted to plas
tics uses, is  presented in this thorough
going . book written by men actively en
gaged in the work of which they write. 
Main emphasis is on practical design and 
work. Appendices give lists of plastics 
manufacturers, and of supplies and equip
ment. ( 350 pages, 6Yz by 9Yz inches, pro
fusely illustrated with photographs and 
drawings, a comprehensive bibliography, 
complete index. ) -$3. 10  postpaid.-A.P.P. 

SCIENCE I N  PROGRESS 

Edited by George A; Baitsell 

EIGHT chapters, respectively by Shapley 
( Galaxies ) ; Hubble ( expanding uni
verse) ; Bethe ( energy production in 
stars ) ; Zworykin ( electron image forma
tion) ; Bridgman ( high pressures ) ; 
Marks ( power generation developments )  ; 
Franck ( photosynthesis ) ; Kirkwood 
( structure of liquids ) ; Long ( sulfanila
mide) ; Marks ( synthetic rubber ) .  Not a 
highly technical book, but not light, popu
lar stuff. Sigma Xi lectures. ( 322 pages, 
6 by 9� inches, 1 12 illustrations. ) -$3. 1 0  
postpaid.-A .G.I. 

FIREARMS AND THEIR USE 

By W. T. Castles and V. F. Kimball  

A CONCISE review of various models of 
shotguns, rifles, and pistols with de

scriptions, instructional chapters on the 
use, and the intended purposes of the arms 
mentioned. Helpful for those learning the 
art of shooting as well as to instructors. 
(232 pages, 5� by 8Yz inches, index, 
many illustrations. )  -$2.10 postpaid.
A .D.R., IV. 

AIRCRAFT SHEET M ETAL 
CONSTRUCTION A N D  REPAIRS 

By M .  P. Harrold 

M
ETHODS and processes described in 

this book are those which pertain 
particulady to aircraft construction and 
repair, yet much of the information given 
can be applied directly in production work. 
Emphasi s  throughout the book is on de
tailed instruction for actual j obs. ( 1 58 
pages, 50 by 8 inches, 123 drawings. ) 
$1.60 postpaid.-A.P.P. 

HOW TO GET AHEAD IN  A DEFENSE PLANT 

By Kenneth C.  Hawthorne 

H
Ow to read blueprints ; what to know 

about iron and steel ; how to do 
simple mathematics ; what should be 

SAVE UP  TO  70% 
O N  TECRNICAL B O O K S  

Many of These Titles 
Reduced for the First Time 

QUANTITIES LIMITED - PLACE YOUR ORDER NOW 
Titl. Author 

Low Temperature Carbonization . . .  Gentry 
Mechanical Properties of Fluids 
Alternating Current Measurements . Owen 
Fine Structure in Line Spectra T olansky 
French Reader for Science Students . Bithell 
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Steel and Its Practical Applications . Barr 
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The 
Editors 
Recommend 
Besf Sellers i n  Science 

PLASTICS - B y  J .  H. Dubois. Meaty information 
on the whole general subj ect of plastics, presented 
in narrative form for easy reading. Tabulations of 
properties of plastics, plus basic design information, 
for laymen and technicians alike. 83.10 

CHEMISTRY By Gerald Wendt, Ph.D. 
Chemistry made easier by a presentation that is 
intermediate between popular works and classroom 
texts. This hook contains the main substanc e of a 
first-year college chemistry course, giving the reader 
better than a sketchy background in this important 
science. $2.35 

HOW TO READ ELECTRICAL BLUEPRINTS -
8y Gilbert M. Heine and Carl H. Dunlap. A 
chapter on how blueprints are made, plus nine other 
sections, each of which is devoted to a specialized 
part of the electrical fi eld, from bell and signal 
wiring through motor control diagrams to power 
atation blueprints. $3.10 

GET TOUGH I - By Capt. W. E. Fairbairn. 
How.to-win.in.hand.to.hand·fighting directions, by a 
man who really knows rough·and.tumble method. 
that are not "clean" fighting hut 4re designed to 
win. $1.10 

PLANE TRIGONOMETRY MADE PLAIN - By 
Alberl B. Carson. The emphasis in this book, by 
an author who has tried to make the subj ect &s 
painless as possible, is on practical applications rather 
than on mental gymnastics. A good book for the 
home user who wants to brush.up on trig. $2.85 

TECHNIQUE OF PLYWOOD - By Charles B. 
Norris. Technical information on all phases of ply· 
wood manufacture and use, compiled for engineers, 
designers, and users of plywood. Important to 
many phases of wartime housing and manufacturing 
problems. $2.50 

FUNDAMENTALS OF RADIO - By Jordan, 
Osterbrock, Pumphery, and Smeby. With thil 
one volume alone, and with some diligence of applica. 
tion, it is possible to obtain a thorough grounding 
in radio principles. In thoroughness of treatment, 
with due respect for the needs of the reader, thi! 
book is outstanding. 85.10 

THE TRISECTION PROBLEM - By Robert C. 
Yates. Embodies mathematician's answer to would· be 
trisector. Gives chief dependable data on this never· 
ending dispute. Compact, crisp, concise. $ 1 . 1 0  

ELEMENTS OF ORDNANCE - A textbook pro. 
pared for cadets of the United States Military Acad
emy. Covers manufacture, the chemistry of explosives, 
types of weapons, mathematics of ballistics, etc, 

$6.60 

AIRCRAFT INSTRUMENTS - By George Elli. 
Irvin. All types of instruments for aircraft use de· 
Icribed for students, pilots, inspectors. Fundamentals. 
instructions. $5.10 

FIRE FROM THE AIR - By J. Enrique Zanetel. 
Pertinent facta regarding incendiary bombs. History. 
modern types, materials, and the strategy and tactici 
of their use in modern warfare. $.60 
MACHINERY'S HANDBOOK-Eleven.h Edidon. 
"Bible of the mechanical industry," enlarged to 
1815 pages of latest standarda, data, and information 
required daily in the shop and drafting room. $6.10 
PROCEDURES IN EXPERIMENTAL PHYSICS -
By lohn Strong, Ph.D. A wealth of useful data of 
a practical kind for the constructor, experimenter, 
and skilled craftsman. 86.80 

STEEL SQUARE POCKET BOOK - By Dw/gh. 
L. Stoddard. Practical methods of using the car· 
penter's steel square for layout work of all kinds. 
Time·tried methods used by two generations of car· 
penters and found both rapid and accurate. $1.00 
MATHEMATICS - ITS MAGIC AND MASTERY 
- By Aaron Bakst. Investment in approach to 
algebra, geometry, trigonometry, with time· savers. $4.10 
WORKING WITH THE MICROSCOPE - By 
Julian D. Corrington. For the aerious beginner. 
Explicit, practical. $3.60 
TOOL MAKING - By C. B. Cole. In'truction. for 
making and using all kinds, from personal tools to 
ubor pressea, lathes, planers. etc. ,  in different metals. $3.60 
THE ELECTRON MICROSCOPE - By Burton 
and Kohl. A well·written account of this newest 
tool of acience, with all technicalities explained fOJ 
complete undersbnding by average persons. $3.95 

GETTING ACQUAINTED WITH ELECTRICITY 
- By AI/red Morgan. Phrased in layman's Ian· 
guage and aimed at the average man who finds 
himself somewhat bewildered by electrical gadgets 
in his home, his automobile, and his place of 
business, the text of this book deals only with 
basic principles. $3.10 

MILITARY BASIC COURSE - By Capt. Fran" 
X. Cruikshank. Complete story of Army opera· 
tions in handy pocket volume. Fabrikoid binding. $1.35 

A MARRIAGE MANUAL - By Hannah M. Stone, 
M.D., and Abraham Stone, M.D. A practical 
guide to sex and marriage, covering fitnes8 for mar· 
riage, mechanism of reproduction, prevention of con· 
ception, and similar vital subjects. Answers questioDfo 
most often asked these authors by their conaultantl. 

$2.60 

THE ADVANCING FRONT OF MEDICINE, By 
George 'W. Gray - Summary of the high points ot 
our present.day knowledge of the nature of diseale : 
Alimentation, high blood pressure, the sulfa drug •. 
influenza, allergy, insanity, sleep, pain, drink, smok· 
ing, anxiety, cancer, aging. A truthful picture ot 
the status of medicine. $3.10 

AUTOMATIC ARMS - By Melvin M. Johnson 
and Charles T. Haven. Comprehensively coven 
machine guns, machine riHes, sub·machine gunl, 
pocket pistola, shotguns, aporting, military rifles · in 
automatic classification. $5. 1 0  

BASIC FIELD MANUAL, INFANTRY DRILL 
REGULA TIONS. Practical working manual for 
commissioned, non·commiasioned officers. 8.50 

HANDBOOK OF CHEMISTRY AND PHYSICS -
A classic reference book recently revised and brought 
up·to·date to keep pace with recent research. In· 
eludes material on all branches of chemistry, physics. 
and allied sciences. Used in laboratories and by 
engineers throughout the country. Flexible binding, 
2503 pages. $3.60 

ATOMIC ARTILLERY - By John Kelloch 
Robertson. Electrons, protons, positrons, photonl. 
neutrons, and cosmic rays, all described for the 
layman in plain language. Also transmutation of thr 
elements and the manufacture of artificial radio·  
activity. $2.35 

• The ah.ove prices are postpaid in the United States. Add, on foreign orders, • 
25¢ for postage on each book, except as noted. 
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known about simple alloys ; taking 
measurements ; wood and wood finishing ; 
care of tools ; knowledge of plastics ; use 
of special instruments ; lubrication. All 
these, and more, are delineated for the 
benefit of war plant workers by an author 
who has had a broad technological edu
cation and experience. ( 270 pages, 4� 
by 7% inches. Over 1 50 illustrations ; 
index. ) -$2.60 postpaid-A .D.R., IV. 

THE AMATE U R  SCIENTIST 

By Stephen Thomas 

S
TUDY :)f th.e p�ace in society of the ama

teur SCIentIst, using Philadelphia 
( where amateur sCIence groups reach 
greatest numbers and variety) as an ex
ample. It shows what can be accomplished 
in any live community in the organization 
and conduct of amateur science groups 
based on zoology, aeronautics, geology, 
astronomy, botany, photography, entomol
ogy, and a large number of others. This 
is not a book on any hobby per se, but is 
aimed at organizers, museums, and the 
like. ( 291 pages, 5 )1.:;  by 8 inches, 17 il
lustrations. ) -$3 . 10  postpaid.-A .G.I. 

GETTING ACQUAINTED WITH CHEMISTRY 

By Alfred Morgan 

C
ONTRIBUTIONS of chemistry to our 

daily lives are here explained in 
terms of articles and products which we 
constantly use. From this simple, yet 
thorough-going story, the reader can 
readily acquire more than a speaking 
acquaintance with many of the phases 
of this fascinating science. Also given is 
advice on building the home laboratory, 
and a number of practical experiments. 
(272 pages, 6 by 8)1.:; inches, a large num
ber of drawings and a few photographs. ) 
-$2.60 postpaid.-A .P.P. 

THE EIGHT M I LLION 

By Meyer Berger 

S
UBTITLED "The J oumal of a New York 

Correspondent," this book is by one 
of the country's best reporters. Berger's 
raw materials are people-the queer, 
quaint, curious, pathetic, and heroic. He 
combines the scientific obj ectivity of a 
seasoned reporter with deep understand
ing, sympathy, and a distinct bent for the 
nostalgic. The result is a series of more 
than two score vignettes of l ife in the 
New York that the out-of-town night 
club and theater visitor seldom sees . It's 
an up-to-date "Bagdad on the Subway." 
(334 pages, 6 by 8% inches, illustrated. )  
-$2.60 postpaid.-A .D.R., I V. 

A SHORT HISTORY OF SCIENCE 

By Charles S inger 

S
CIENCE, from its earliest beginning to 

no\v. The author is a distinguished 
British authority on such history. The 
text is compact and possibly too much so 
-a bit j erky, like a notebook,-possibly 
from an attempt to cover too many de
tails in a given length. Authoritative as 
a reference book. ( 399 pages, 5)1.:; by 
8)1.:; inches, 94 illustrations . ) -$3.85, post
paid.-A . G. I. 
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C U R R E N T  B U L L E T I N  
B R I E F S 

( The Editor will appreciate it 
if you will mention Scientific 
A merican when writing for an:\.' of the publications listed below. ) 

RUBBER GUIDE BOOK is a 32-page bulletin 
which covers the principle methods of 

manufacturing rubber products and places 
special emphasis on hydraulic equipment 
parts made from Ameripol synthetic rub
ber. Rubber gloves, sponge products, ex
truded goods, hard rubber parts, rubber 
cement, and so on, are some of the specific 
subj ects covered. Miller Rubber Industrial 
Products Division of the B. F. Goodrich 
Company, A kron, Ohio-Gratis. 

DIRECTIONS  FOR INSPECTING, RECHARGING, 
AND MAINTAINING PORTABLE FIRE Ex

TINGUISHERS is a six-page folder stressing 
the importance of keeping fire-extin
quishing equipment in good operating con
dition at all times. Pyrene Manufacturing 
Company, 560 Belmont Avenue, Newark, 
New J ersey.-Gratis. 

MAGNETIC SEPARATION OF ORES, by R. S .  
Dean and C. W. Davis, is a 417-page 

book, containing 165 figures, which dis
cusses briefly operations and trends in 
magnetic separation, explains the process, 
describes and classifies machines used, 
and outlines their development. Request 
Bulletin 425.  Superintendent of Docu
ments, Government Printing Ofjice, 
Washington, D. C.-$l .OO cash or money
order. 

FEND IS a 16-page brochure which dis-
cusses the whole subj ect of industrial 

skin troubles, and describes different types 
of creams and lotions which have been 
developed for barrier protection against 
industrial dermatitis. Request Bulletin 
FA-79. Mine Safety Appliances Company, 
Braddock, Thomas, and Meade Streets, 
Pittsburgh, Pennsylvania.-Gratis. 

HOUSING TERMS are given in a newly 
compiled glossary, the definitions being 

those that are generally accepted and cur
rently used. Request "Building Materials 
and Structures Report BMS91 ."  Super
intendent of Documents, Government 
Printing 0 fjice, Washington, D. C.-15 
cents, coin. 

TELL IT To SWEENEY is a 16-page illus-
trated pamphlet showing the advantages 

to be had from a properly designed inter
plant sound system for industrial com
munication. Request this bulletin on your 
business letterhead. Stromberg-Carlson 
Telephone Manufacturing Company, 100 
Carlson Road, Rochester, New York.
Gratis. 

VINYLITE PLASTICS FOR WIRE AND CABLE 
INSULATION is a 12-page illustrated 

booklet which reviews the advantages of 
these resin compounds for insulation pur
poses, from standpoints of installation, 
service, and safety. Tables which are in
cluded indicate physical and electrical 
properties of the compounds, and typical 

applications. Request this booklet on your 
business letterhead. H alowa.t: Products 
Division, Union Carbide and Carbon Cor
poration, 30 East 42nd Street, New York, 
New York .-Gratis. 

RAPID REVIEW OF ELEMENTARY ALGEBRA, 
by Jonas T. May, is a quick, efficient 

review for class or individual use. All 
main points are covered. Answers are 
given to all problems. Emerson Books. 
Inc., 251 West 19th Street, New York, 
New York.-18 cents. 

LITHCO PRINCIPLES AND DATA is a 8-
page booklet illustrated with charts 

and drawings which describe recent ad
vances in heat-treating and carburizing 
atmosphere processes. Advantages of 
these processes are stressed, and sufficient 
general information is given to show how 
they are applied. It b claimed that these 
processes are especially suited to high
speed production work. Lithium Corp., 
42 Raymond-Commerce Building, New
ark, New Jersey.-Gratis. 

MIDGET METAL BASE RELAYS is a single 
sheet giving technical data on a type 

of relay widely used in small radio trans
mitters, aircraft circuits, and other places 
where space is l imited. Request Bulletin 
1 04. Ward Leonard Electric Company, 
Mount V ernon, New Y ork.-Gratis. 

THE SPECIFIC HEATS OF CERTAIN GASES 
OVER WIDE RANGES OF PRESSURES AND 

TEMPERATURES is a 22-page bulletin cov
ering the subj ect of the title as applied to 
air, carbon dioxide, carbon monoxide, 
ethylene, hydrogen, methane, nitrogen, 
and oxygen. Given are the general equa
tions needed as well as graphs. Request 
Bulletin 30. Engineering Experiment Sta
tion, Cornell University, Ithaca, New 
Y ork.-Single copies gratis. 

LAMINATED SOLENOIDS is a single-sheet 
circular giving engineering data on two 

new units designed for maximum magnetic 
force for a given electrical input. The 
units are of the pull and the push-pull 
types. Dean W. Davis & Company, Inc., 
549 West Fulton Street, Chicago, Illinois. 
-Gratis. 

QUALITY PRODUCTION TOOLS is a 56-page 
listing of saws, drills, shapers, grinders, 

and so on, stressing their efficient applica
tions to present-day production require
'ments. Request Industrial Catalog No. 10 .  
The Delta Manufacturing Company, 600 
East Vienna Avenue, Milwaukee, Wiscon
sin.-Gratis. 

PRINCO CATALOG 42 is a 42-page illus-
trated display of a wide range of electric 

counters and actuating switches, mechani
cal counters, and timing and recording de
vices. Many specific applications are 
shown. Production Instrument Company, 
710 West Jackson Boulevard, Chicago, 
Illinois.-Gratis. 

BOOKS AND FILMS ON LATHE OPERATION 
is a four-page folder describing helpful 

material which has been prepared for 
training lathe operators. Request Circu
lar No. 2 1 -C. South Bend Lathe Works, 
South Bend, Indiana.-Gratis. 
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The DECIMALIZER shows in a few simple 
manipulations 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 36) . 

The DECIMALIZER removes that Hdecimal point 
hazard" inherent in computations made with the 
slide rule or otherwise. 

Pocket size ; durable (stainless s-teel) ; exceed
ingly smooth in action. Furnished in leather 
case, with complete directions for using. Price 
$2. postpaid; with extra, easily interchangeable 
scale which enables the instrument to perform 
extended multiplication and division, 50 cents 
additional. Money back, if returned within 10 
days. 

GEORGE H. MORSE 
927-28th Street South Arlington, Va. 

Home-Study Course in 
SEN DING and RECEIVING 

RADIO CODE 
- with all necessary instruction. and practice material 

Just Out - Arthur R. Nilson's 
RADIO CODE MANUAL 

Price, $2. 1 0, postpaid 

A cemplete course in radio code - how 
to lend and read it. Gives 20 lesson" 
beginning with simplest code character. and leading up to the handling of actual 
messages and press dispatches, weather 
reports, and distress messages. 

SCIENTIFIC AMERICAN 
24 West 40th Street New York, N. Y. 

COMPLETE HOME-
STUDY COURSES 
and self-instruction 
b o o k s ,  s l i g h t l y  
used. Sold, rented, 
exchanged. All sub
j ects. S atisfaction 
guaranteed. C a s  h 

paid for used courses. Full details and 84·page 
illustrated bargain catalog FREE. \Vrite today. 

NELSON COMPANY 
500 Sherman, Dept. B-243, Chicago 

TECHN IQU E OF PLYWOOD 
By CHARLES B. NORRIS 

Plywood demand is skyrocketing in 
the production of wartime housing, 
airplanes, boats, and other defense 
needs, yet specific information on the 
material itself is difficult to find. Here, 
between the covers of a plastic-bound 
book, has been gathered technical in
formation on all phases of plywood 
manufacture, specially written for en
gineers, designers, and users of ply
wood. ( 249 pages, 5 by 70 inches, 
tables and drawings. ) -$2.50 postpaid. 
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TELESCOPTICS 
A Monthly Depa rtment for the Amateur  Telescope Maker  

Conducted b y  A L B E RT G. I N GALLS 
Editor of the Scientific American books "Amateur Telescope Making" 

and 1 /  Amateur Telescope Making-Advanced" 

C
OLORADO' S altitude and clear air provide 

encouragement to amateur astrono
mers, and one of these is John Bunyan, 
president of the Berthoud National Bank, 
Berthoud, Colorado. whose observatory, 
first pictured in these pages in January 
1934, then consisted only of the nearer 
structure in Figure 1. This contained a 
meridian telescope ( note covered roof 
slot) . The square structure behind it 
houses, beneath a gantry roof which runs 
off to the right, a 10" Cassegrainian. 

Just beyond this run-off roof a third 
has now been added, to house a camera 
and mounting. The roof of this addition 
rolls off to the north, and the south gable, 
visible in Figure 1, near the telescope, is 
hinged and lets down on a post. 

Thus, John Bunyan, a pilgrim origi
nally from New York State, has prog
ressed from one to two, and from two to 
three, observatory entities. The recently 
added camera assembly ( Figure 2) was 
built, Bunyan states,  largely with the help 
of Carl Conder, a good local mechanic. 

Bunyan writes : "The supporting frame 
and the rectangular polar axis are built 
of 5" channel steel. The ends of the polar 
axis are of 2" steel shafting, the lower, 
which carries most of the weight, resting 
on a thrust ball bearing. The upper bear
ing is plain. The declination axis is made 
of 2" steel shafting with one end threaded 
arid screwed into a steel plate which is 
bolted to a piece of :J4" plywood, 1 6" 
square. The camera and guiding telescope 
are fastened to the plywood. 

"The counterweight at the other end 
of the declination axis is a steel pulley 
partly filled with concrete. The right 
ascension and declination circles are 
turned out of :J4" plywood and are bound 
with brass strips (kind used to cover 
j oints in linoleum) .  Tightly fitted over 
the brass strips are circles formed of 45" 
lengths of steel tape. Thus each Ys" on 
the declination circle is 1 0 ,  and each Ys" 
on the R.A. circle represents 4 minutes 
of time. 

"The camera lens is a 4Ys" group por
trait lens of about 25" focus .  The camera 

box is built of wood and is equipped with 
plate holders for 5" x 7" film. The eyepiece 
used in the guiding telescope is home
made. It has a biconvex lens and the 
crosshairs are made from tungsten fila
ments taken from an old style 25-watt 
lamp. These are il luminated by a flash
light bulb. A fuJI sized dry cell , contained 
in a can mounted beside the telescope, 
furnishes the current. A volume control 
from an old radio is used as a rheostat to 
dim the light. 

"A 12" cast-iron worm gear ( Figure 
3 )  with 96 teeth moves the polar axis 
by means of a friction clutch. This gear 
is driven by a single-thread hardened steel 
worm fastened to a steel shaft which 
carries a 30-tooth worm gear. The latter is 
driven at sidereal rate by a double-thread 
steel worm which turns at 1 rpm. A 
Hansen synchronous motor, with shaft 
geared to 1 rpm mean solar time, fur
nishes the timing and acts as a brake 
against the pull of a weight and sashcord 
over a plywood pulley on the polar axis. 
Interposed between the 1 rpm motor out
put and the 1 rpm sidereal rate of the 
last-mentioned worm are spur gears giv
ing a ratio of 364 to 363, which is the 
closest I could approximate the sidereal 
rate with stock gears. However, the error 
is  so slight that it is inconsequential for 
the periods the camera is  at work. 

"There is a clamp on the declination 
axis with worm for slow motion. A worm 
connected with flexible cable moves the 
whole assembly in R.A., for manual guid
ing whenever a selected guide star strays 
from the crosshair. 

"The whole outfit is carried on a heavy 
concrete pier and no part of the building 
touches it. Moving around in the building 
does not set up any vibration at all in the 
instruments." 

S
UNDIALLING is a kind of cousin to ama
teur astronomy, and of course the aver

age amateur's general reading in astrono
my enables him to pick up its principles 
relatively easily. Figure 4 shows a stone 
sundial made by Bunyan, who also is the 

Figure 3: Bunyan's drive 

author of the chaper on making a sidereal 
clock, in "A.T.M.A." The base of the 
gnomon ( "substyle" ) is 1 5 "  in length and 
this gives the scale of the other details. 
The lines and numerals were not incised, 
but sandblasted at a local marbleshop, and 
are Ys" wide by Ys" deep. In cuttmg in
scriptions, marble · cutters, until a genera
tion ago, used a hand chisel and mallet. 
Then came the pneumatic chisel, and now 
this has been supplanted by sand blasting. 
The flat stone is first covered with a coat 
of elastic material and the desired lines 
and letters '  are cut through this covering
like a stencil. When a continuous blast of 
air-propelled sand from a nozzle is di
rected against this prepared surface, the 
sand grains rebound from the coating but 
strike the stone wherever it has been cut 
away, and thus they rapidly eat away the 
stone. This method explains the deep in
scriptions on the more recent tombstones
cuts far too deep and narrow to have been 
made by percussion tools. 

Figure 1: Bunyan's family of observatories Figure 2:  The 4 Ys" camera and mounting 
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---T E L E S C O P T I C S---

Bunyan's dial is set up near his obser
vatory. If really carefully designed and 
painstakingly made, a dial will give accu
rate time within about one minute, pro
vided the daily correction for equation of 
time is made. Naturally, only a dial of 
this kind would suit the pride of the 
average amateur telescope maker. 

T
HIS department often is asked for the 
"inside figures" on the total number of 

telescopes made since "Amateur Telescope 
Making" first appeared in 1926. We ·· don't 

Figure 4: Bunyan's sun dia l 

know. To obtain really solid data on this 
would be difficult. All we can do, there
fore, is "guestimate." Over 30,000 copies 
of "A.T.M." have been purchased since 
1926, but what percentage of purchasers 
actually made telescopes ? What percent
age made two ? Three ? Five ? Ten ? (Yes, 
some have made that many ) . Our guesti
mate is  20,000 telescopes-what's yours ? 
Some think this figure too conservative. 
Perhaps. Perhaps not. Anyway, let's say 
20,000. 

It's fun to imagine all these 20,000 tele
scopes assembled in one place. Let's allot 
each one ten feet square and one observer. 
That represents a Telescope Farm of 
about 50 acres, solid. Go aloft in a plane 
and look down at them all ! 

To make it more interesting, let's have 
them all pointed at one obj ect ; it might 
as well be the plane, and there'd be a 
poetic j ustice in having in the plane the 
man who, more than any other man, made 
it all possible-Russell Porter. Maybe 
he'll wave a hand over the side ( this 
story is becoming melodramatic ) .  

Of course, not all these telescopes are 
now in actual use. There must be a few 
thousands which could be put in other 
hands to good advantage. Readers also 
ask us, now and then, where they can 
purchase a second hand telescope. To test 
whether any good could be done by thaw
ing out this frozen situation we shall be 
glad to publish, in one number, the names 
and addresses of those who have second 
hand telescopes they would be willing to 
dispose of. 

F
UN to make your own eyepieces. Whole 
battery of them ( Figure 5, top and bot

tom) were made by H. J. Gebelein, i314 
Carey Ave., Davenport, Iowa, and are 
respectively 1 );,(", �", 0 ", );,(", 3 / 16" 
and Ys" efl . Middle photograph shows 
some of the innards of the same eyepieces 
-those of the 1 );,(", �",  0" and :jig". The 
eyepieces are the solid type ( see "A.T.M.," 
page 178 ) . The glass used was Chance 
Brothers C. C. Crown 1 . 5 1 .  

Gebelein also built an  8" Gregorian with 

COMPLETE H IGH-GRADE KITS OUR SPECIAL TV 
Each kit has two glass diSCI ( correct 
thickness ) tempered pitch, 8 assorted 
abrasives ( fewer may not - give perfect 
optical surface ) ,  rouge, instructions, 
FREE ALUMINIZED DIAGONAL 
etc. 

POLI SHING and PARABOLIZING 

MIRRORS, a l l  sizes made to order. 

4" Kit $2.95 ( Pyrex, $4.00 ) 
6" Kit 3 .75 ( Pyrex, 5 . 5 0 )  
8" Kit 6 . 5 0  ( Pyrex, 8.00) 

1 0 "  Kit 9.95 ( Pyrex, 1 3 .95 ) 
1 2 "  Kit 14.75 ( Pyrex, 22.5 0 )  

A L U M I N I Z I N G  
A harder and brighter aluminum 
coating that is uniform and produc •• 
a lasting and superior reflecting IUr
face. Guaranteed not to peel or 
blister. 

6" . . . . . . . . . . . .  . 
8" • . . • . . . • . . . . •  

1 0" . . . . . . . . . . .  . 

$2.50 
$3.50 
$5.00 

Mirrors for Cameras, Range Find.r. 
and other optical instrument8. 

Write for FREB ILLUSTRATED CATALOGUE 

T H E  P R E C I S I O N  O P T I C A L  C O . 
, , , T ,  T ; 1001 ::A5T I fird STREET I , NEW  YORK. N. , Y. " "  

I 

Surface Hardened 
ALUMINIZED 

Coatings 
are uniformly superior in reflectivity and 
improve the performance of telescope mit· 
rors, prisms, diagonals, camera mirrors, 
range finder mirrors and other optical front 
surface mirrors. 

The.se Surface Hardened Coatings are used 
in some of the largest observatories on 
mirrors which are famous throughout the 
world. Have your mirrors coated with the 
best. 

Prices :  4"-$ 1 .75, 6"-$2.50, 8 "-$3.50, 
10"-$5.00 and 12 Y" -$8.00. Up to 3 6" 
on request. 

LEROY M. E. CLAUSING 

5507 Lincoln Ave. Chicaga, I I I. 

MECHA N ICS, ' MACH I N E  
DESIGNERS, I NVENTORS 
should have at their fingertips 

THE  E N G I N E E R'S SKETCH·BOOK 
O F  M ECHANICAL MOVE M E N TS 

By Thomas W. Barber 
Not a treatise on machine design, 
nor an instruction book on construc
tion, but an imposing omnium 
gatherum of classified drawings in 
truly astonishing number and vari
ety (2987 of them ) of basic elements 
of mechanical and structural com
position from which to select the 
various details required to build up 
a given piece of mechanism. It has 
had a . long and wide sale. 

$4.45 postpaid 
Order From SCIENTIFIC AM ERICAN 
24 West 40th Street, New York, N. Y. 

KITS OUR SPECIALTY 
4" kit . .  $ 2.95 Pyrex . .  $ 4.2' 
6" kit . .  3.75 Pyrex ,.� 
8" kit . .  6.75 Pyrex 8.'0 

10" kit . .  9.95 Pyrex 13.9' 
12" kit . .  14.75 Pyrex 24.00 
Kits contain 2 gl... diaca, 8 grade. of abra.l .... 
( fewer do not insure .n optically perfect ourfaca) .  
r.uge, pitch or beeewax, and instruction •• 

Money·b«c" gUIIT",,'ee Ih«1 
THESE KITS ARE SECOND TO NON. 

REGARDLESS OF PRICE 

PYREX MIRRORS 

Made to order, correctly figured, polish.d, ... 
parabelized. Precile wotkm.nlhip gu.r ... t ..... 
Price. on reque.t. 

WE DO POLISHING, PARABOLIZING AND 
ALUM I N IZING 

( Send for onr NEW, ENLARGED, .nd ILLU .. 
TRATED cat.logue. ) 

M. CHALFI N  

G.P.O. Box 207, New York, N .  Y .  

C;Z" Q!!J!! c:7��SCOp, 
Popular Illustrated 

Astronomical Monthly 
Currentiy feeturin&, a seriel of enide. OD D ... , .. 
gation. For amateur astroD,omer. - star chart., 
Gleaning. for telelcope, makerl, page ,. 
observera, aDd celeatial photograph •• 

$2 • year, domeltic; $2.50 foreilPl 

Single copy, 20 centl. 

SAMPLE COPY ON REQUEST 

SKY PUBLISHING CORPORATIOR 
Harvard Ob ...... alory, Cambridq •• Mau. 

Important Announcement ! 

John M. Pierce 

T E L E S C O P E  M A K E R S  • •  • • 

We have only . few more excellent 1" eyepie.cel. No other powerl 
and no mere eyepiece lenses will be available until after the war. 
HOWEVER amateurs may make their own eyepiecel of excelleDc 
quality using our Lens Grinder and fragments of mirror or Mad. 
.hield gla ... You will find this as fascinating a hobby as the m .... 
common ODe. of telescope mirror making. Our grinder can be drivea 
by either a small motor er by hand with a ubow". 

Revised hobbygraph "Lens Making" . . . . . . . .  30¢.  
Len. Grinder without motor . . . . . . . $5.00 

We otfer as in tbe past advice and materials based on our 23 
years experience. Our $5 .00 set consisUi of glass, abrasives, pitclt, 
rouge, and instructionl for making a 6" telescope. All material. 
are of Pierce quality and a supply of our famous #6 grit fot 
finisb grinding is included. This "super" abrasive materi.n, 
sborteus polishing time. 

Wrile for calalogue of luppli ... 

1 1  Harvard St. Springfield, Vermont 
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WE MAY N OT B E  
ABLE TO DUPLICATE 

S OFFER 

• 
• 
• 
• 
• 
• 
• 
• 
• 
• 

The James B. Hall "Factory 
Special," popular standby 
of over 20,000 cigar smok
ers, is one of our outstand
ing values. This famous all
hand·made cigar is expertly 
blended of fine imported 
and domestic tobaccos with 
carefu lly selected Connecti
cut shade grown wrappers. 

We save you the cost 
You 

'
buy these fine cigars at 

this low price because we 
save the cost of matching 
them by colors. This sorting 
must be done by experts 
and costs melRey-yet it adds 
nothing to the quality or 
enjoyment of the cigar. We 
save you this cost and in 
addiiion, since we a re the 
m a k e r s  we save you t h e  
middleman's profit. That's 
why you can buy 1 00 Fine 
Ciga rs, packed in  metal hu
midor, for $3.50, or 50 for 
$2.00. We do not know how 
long we can continue this 
offer. Conditions a re chang
ing daily and the supply of 
metal hu midors is limited. 

You Take No Risk 
Send your order today. We guara ntee to refund 
you r money if you are not satisfied with the smok, 
ing qual ity of these cigars. Send remitta nce with 
order, we will  pay postage, or sent C.O.D. you 
pay postman, plus 1 8 ¢  C.O.D. fee. 

. . . . . . .  _ . . . . . .  _ _  . .  . 

JAMES B. HALL 
1 08.X EAST 1 6th STREET · NEW YORK, N .  Y. 

. .  _ . . .  _ . . .  - . . . . .  

WHAT THE CITIZEN 
SHOULD KNOW ABOUT 
CIVILIAN DEFENSE 

By Walter D.  Binger and Hi lton H .  Rai l  

O PENING with a ch apter " T h e  Civil� 
ian is  in the Front Line," the 

authors discuss all types of bombs and 
protection against them. They describe 
British experience from an eyewitness 
standpoint. There is a ch apter on germ 
warfare, in which they point out it is 
" th e  least probable" type of all· out civil
ian attacks, but they w arn that Germany 
and Japan are "ruled by megalomaniacs." 
The A. R. P.,  the effects of bombs on 
civilians, and a glossary of facts the 
civilian must know round out this 
valuable and well·written volume. ( 1 8 3  
pages, 5 :xl.  b y  8 inches, I 9 illustrations. ) 

$2.60 postpaid 

For Sale By 

Scientific American 

24 W. 40th St. New York, N. Y. 
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23" f.l. primary and ratio 6. "This tele
scope," he says," has given me many 
hours of real enj oyment." 

T
URRET for battery of telescope eyepieces 
is a decided convenience. In this de

partment, November 1940, a 3-eyepiece tur
ret was described. That turret was made 
on a lathe, but J .  Irland, 22035 Donaldson, 
Dearborn, Michigan, says he made the 
4-eyepiece turret shown in Figure 6 with-

Figure 5:  Gabefein's battery 

out benefit of lathe. Two slices off a 4" 
brass rod, file, soldering iron, 1 ;4 "  tubing. 
"I confess to some furtive assistance from 
a small drill press in hacking out holes 
to start filing on," Irland says, "but even 
that could be done by hand. Incidentally, 
one of the slices of 4" rod was a wedge, 
3 1 16" thicker one edge than on the other, 
and hogging it down was as much work 
as roughing out a mirror. But the thing 
works." 

A
BRASIVES are becoming scarcer, and 
methods for husbanding them, de

scribed by Lewis A. Parsons, 125 Brent
wood Ave., San Francisco, California, 
should prove useful until the war is over. 

"In washing, or levi gating rouge, the 
particles flocculate or bunch up, and thus 
the finer parts are dragged to the bottom 
with the coarse. I therefore disperse the 
particles, settle them, pour off the finer 
parts and then purposely flocculate these 
so that they will settle. 

"Put, say, 4 oz. of rouge into a cleaned 
one-gallon bottle and add about 1 oz. of 
sodium silicate ( ordinary water glass ) .  
Then fill the bottle with water, shake it 
th�roughly, and let it stand an hour. Next, 
siphon off the top half into another bottle, 
to which add perhaps 2 to 4 oz. ( determine 
empirically) of l ime water, a solution from 
slaked lime. This flocculates the rouge, 
which settles almost at once, permitting 
the clear water to be siphoned or de
canted off. Then refill the first bottle, 
shake and repeat the operation. When the 
first bottle stops producing more, throw 
away the residuum. As the sludge settles 
in the second bottle, flush it into a mason 
j ar and from time to time decant off the 
water. Use it as a cream or paste and do 
not let it dry. This produces beautiful 
rouge-not a scratch in a carload." 

The following will similarly recover 
rouge, also Carbo and emery. The dis-

persing agent is Igepon . AP Extra, sold 
by General Dyestuff Corporation, 435 
Hudson St., New York, also 38 Natoma 
St., San Francisco, at a rather low rate 
in five pound lots. It is a detergent, and 
comes in powder or flakes. 

"Grades of Carbo coarser than 240 
settle so fast anyway that the finer stuff 
is best washed out first ( elutriated by a 
gentle upward stream of water ) and then 
dispersed and separated into its fractions. 
Carbo or emery that has been used a 
couple of times will yield as fine a prod
uct as desired. After the dispersed abra
sive has been siphoned off, it is flocculated. 
The best all-round flocculating agent is 
ferric chloride. Caustic soda could be 
used for Carbo alone. Caution :  Don't use 
it together with ferric .chloride. 

"The technique is simple. Shake up the 
abrasive in a bottle or j ar with a little 
Igepon ( experiment for exact proportion) .  
Let it settle for a time based on the size 
you are after. Siphon off. Flocculate with 
ferric chloride. Continue the cycle till no 
more good stuff comes off. Dump the 
residue into a coarser size. Nothing is lost. 

"Many use too much abrasive with 
too little water, which prevents free set
tling. The grains hinder each other and 
there may be some big chunks in the part 
siphoned off. Use not over a quarter pound 
dry abrasive weight of abrasive, to a 
gallon of water. For the very fine sizes 
and double levigation one would probably 
do better with five gallons for the final 
settling. 

Figure 6: f rland's eyepiece turret 

"There are evidences that glass will not 
flocculate and can be decanted after the 
good stuff has settled. 

"Iron can be removed from the dried 
abrasive powder with a magnet. 

" Some more work remains to be done 
on these methods. 

"If some of the abrasive is placed on a 
slide under a microscope, the field will be 
seen to be made up of grains that fall in 
one size-group, yet the sizes are not all 
the same. Sticking out are usually a few 
much larger grains-enough to scratch. 
These are the grains whose grooves must 
be ground out with the next finer 
size, and which slow down the grinding 
process." 

The methods described above by Par
sons will prepare grades corresponding to 
the finer sizes of Carbo. In inexperienced 
hands they will not often duplicate the 
results obtained by the manufacturers since 
there is a vast amount of technique in 
grading abrasives and the manufacturers 
have spent years learning it. It  wiIl, how
ever, approximate these results. It also 
will provide some of the finer sizes such as 
Carbo 1000 and emery 2600. 

Printed in the U. S. A. Press of the Wilson H. Lee Company. Orange, Connecticut. 
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COrES 
DO!""M 
M S..- GO U P  

Until somebody repeals the law of grav

ity you'll always have power to bring a 

bomb down. What worries engineers is 
finding power enough to lift a "block

buster" some 30,000 feet and fly it hun

dreds of miles to the target. 

After all, you can't drop a bigger bomb 

than you can lift. And the lifting power 

of your bombing plane depends a great 

deal on the quality of gasoline. For the 

better the gasoline available, the more 

power engine-builders can build into their 

engines. 

That's a break for the United Nations. 

For years U.S. gasoline makers have been 

hard at work improving fuels and de

veloping new refining processes to make 

them in quantity. 

Today this research is paying off. Our 
petroleum industry is able to supply the 

floods of high-octane gasoline needed to 

carry bomb-loads to Naziland. 

This super - gasoline contains a gen

erous portion of Ethyl antiknock fluid, 

which boosts its octane rating still higher. 

That's why Ethyl's prime job today is 
supplying Ethyl fluid for military fuels 

- helping American airmen deliver 

"block-busters" to the Axis. 

ETH Y L  C O R P O RAT I O N  
Chrysler Building, New York City 

Manufacturers of Ethyl fluid, used by oil re
finers to improve the antiknock quality of avia

tion and motor gasoline. 



THE ENGINE of a modern 400 m ile

an-hour fighter plane "breathes 
in" about seven tons of air . . . nearly six 
times its own weight . . .  every hour. 

Such an engine must have power
ful lungs to force this great mass of 
air into its cylinders when flying at 
35,000 feet. For up there the air is  
rarefied to less than one third its 
density at sea level. 

In place of lungs, a fighter plane 
uses a supercharger . . . a powerful 
centrifugal blower that packs thin 
air into the engine 's cylinders at high 
altitudes. One type of supercharger 
is driven by exhaust gases from the 
engine . Its impeller whirls at the 
dizzy speed of 25,000 r.p.m. while 
heated to 1300° F. 

Here, indeed, was a problem to 
tax the skill of expert metallurgists 
. . . to produce turbo-supercharger 

Better lungs for 
America ' 5 fighter planes 

blades that would withstand the 
terrific centrifugal forces involved, 
while exposed to the searing flames 
of white-hot exhaust gases. 

To study the effects of the oxida
tion of alloys . . .  when exposed to 
such high temperatures . . .  a West
i nghouse Research Engineer has de
veloped a new and unique labora
tory weapon. 

It is a tiny weighing machine, 
called a "micro-balance. "  It is  so 
sensiti,oe that it can measure the 
weight of an oxide film of the thick
ness of a single layer of oxygen atoms . . .  

in units of ten billionths of an ounce ! 

'With the aid of this m icro-balance, 
'Westinghouse scientists are learning 
much about why turbo-supercharger 
blades break down in service. Their 
study of metal erosion, at high tem
peratures, will make possible better 

and better lungs for our high-alti
tude fighter planes. 

Another example of the way West
inghouse "know how" and inventive
ness are helping to forge new weap
ons for victory ! 

Westinghouse Electric & Manu
facturing Company, Pittsburgh, Pa. 

Westinghouse @ 
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