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Which cOlD.es first-

Your second helping? 

or our second front? 

YOU WANT TO SEE THIS WAR WON - and won 
quickly. You want to see it carried to the 

enemy with a vengeance. Okay-so do all of us. 
But just remember ... 

A second front takes food ... food to feed our 
allies in addition to our own men. 

Which do you want - more meat for you, or 
enough meat for them? An extra cup of coffee on 
your breakfast table, or a full tin cup of coffee for 
a fighting soldier? 

Just remember tha( the meat you don't get
and the coffee 1-nd sugar that you don't get-are 
up at the front lines-fighting for you. 

Would you have it otherwise? 

Cheerfully co-operating with ration
ing is one way we can help to win 
this war. But there are scores of 
others. Many of them are described 
in a new free booklet called "You 
and the War," available from this 
magazine. Send for your copy to
day! Learn about the many oppor
tunities for doing an important 
service to your country. 

Read about the Citizens Defense 
Corps, organized as part of Local 
Defense Councils. Choose the iob 
you're best at, and start doing it! 
You're needed-now! 

Contricuted by the Magazine Publishers of America EVERY CIVILIAN A fIGHTER 



CHECKING the spacing between the 
blades on a steam turbine spindle for 
a new war cargo ship is one of the 
exacting inspection operations in the 
production of these power plants. For 
the first time in turbine history, such 
ship power plants - in this. case de
v<;loping 2000 horsepower per turbine 
- have been standardized and are 
being built on a quantity basis by the 
Westinghouse Electric and Manufac
turing Company. 
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50 Years Ago in • • • 

(Condensed From Issues of July, 1893) 

INVENTIVE CAM PAIGN S-HThomas A. Edison, when he 
was congratulated upon his forty-sixth birthday, declared that 
he did not measure his life by years, but by achievements or by 
campaigns ; and he then confessed that he had planned ahead 
many campaigns, and that he looks forward to no period of 
rest, believing that for him, at least, the happiest life is a life 
of work." 

GREAT GUN-HOf all the foreign nations that are taking part 
in the World's Columbian Exposition at Chicago, Germany takes 
the lead, in extent, variety, cost and superiority in almost every 
characteristic . . . .  The great Krupp gun . . .  the heaviest piece 
of ordnance ever brought to an exhibition, is a 16.24 in. coast 
defense gun ; the total length is 33.5 calibers, or 45 ft. 1 1  in., 

the length of bore being 41 ft. 8 in., the total weight i s  nearly 
122 tons. This gun has fired sixteen rounds at the Krupp testing 
grounds at Meppen. During these trials the following results 
were obtained : The proj ectile weighed 2,200 lbs., and the charge 
was 902 lb. of brown prismatic powder ; an initial velocity of 
1 ,981 ft. per second was recorded, and the striking energy was 
1 8,594 metric tons. vVe give a photographic view of the firing 
of this extraordinary weapon." 

CYCLI ST TROUBLE-HOne evil traceable to bicycling is the 
confirmed stoop which has already declared itself in many 
wheel men, a result so common in the less strongly built bicyclists 
of the Continent as to have found its way into classification as 
the 'kyphosis bicycl istarum.' " 

CEMENT -IRON BRIDGE-HA new bridge was recently 
completed over the River Neutra, in Hungary, according to 
a system devised by Robert Wunsch, and consists of beton 
arches in which iron skeleton framework has been incorporated. 
The iron work comprises not simply single iron rods, but 
complete trusses made up of horizontal upper and parabolic 
lower chords. Cross girders and tie rods, however, have been 
entirely omitted and are supplanted by the beton. The 'wooden 
false work of the bridge was built to form a series of moulds, 
each mould constituting one complete bridge arch, and after 
the iron work had been put in place the beton was dumped in 

2 

and thoroughly rammed. The work was divided up, so that the 
beton filling of each arch was completed in one day, and the 
false work was kept in place for an average of 37 days for 
each arch." 

SUNLIGHT-HIn the dark, and at moderate temperatures, the 
spores of anthrax retain their powers of infection for many 
months in any of the waters experimented with, fresh or 
sterilized. But in direct sunlight the spores undergo rapid 
destruction; and it has been definitely proved that this destruc
tion is directly due to the light rays, especially at the blue 
end of the spectrum." 

CLAMS-HA clam mine, full of live clams and of great breadth 
and depth, has been discovered at the mouth of the Delaware 
Bay, off the Flashing Creek shore." 

MALARIA-HDr. H.  M. Clark has printed a memoir of his 
experience with malaria during a residence of nine years in 
India. How formidable a barrier to civilization malaria is may 
be inferred from the fact that to this disease alone is attribu
table not less than half the deaths throughout the world. . . . 
Only two races are proof against it, the Negroes of the grain 
coast of Western Africa and the Taurus of Northern India." 

STEEL TIES-HThe Mexican Railroad has now some 150 
miles of track, including the Pachuca branch, laid with steel 
ties which weigh 124 pounds each, or 126 pounds with the two 
key bol�s. " 

TELEGRAPH-HThe United States minister at Peking, China, 
reports to the State Department that the Chinese telegraph 
system has been connected with the Russian system, so that 
messages may now be sent overland between any part of China, 
Russia, Europe, and by cable to Africa, North and South 
America, and Australia. The whole world is now wired and 
telegraphically connected." 

TANK LINING-HA mixture of coal tar and California rock 
asphaltum has been successfully employed by Mr. R. C. Gemmell 
for lining a reservoir for the city water works of La Grande, 
Oregon. The reservoir is of oval shape, part in excavation in 
heavy clayey soil and part in embankment made from the 
excavated material, with inner slopes of three to one . . . .  The 
l ining consists of one layer

' 
of brick on edge, covered by three

eighths inch of the bitumen mixture." 

S PEED GOVERNOR-HPerhaps the most severe test that a 
water wheel governor was ever subj ected to is the case of a 
Pelton wheel running a set of circular saws at the mill of the 
Red Cross Lumber Company, in the northern part of Cali
fornia. The wheel is operated under a vertical pressure of 485 
feet. The saws require to drive them through the log at full 
feed 125 H.P. They take about seven cuts per minute, thus 
varying from full load, namely, 125 H. P., to only what is 
required to drive the saws running free. During this operation 
the variation in speed is not perceptible." 

TRAN SATLANTIC-HThe designer of the steamers Par;
and New York, express . . .  the belief that within ten years a 
vessel can 'leave New York at noon and arrive at Southhamp
ton at noon on the fourth day out. ' To do this . . .  will require 
the enormous speed of thirty knots." 
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A LOT GOING ON IN THIS PICTURE

AND A LOT GOING ON IN INDUSTRY 

It's big, dramatic. You can see 

it. But you can't see the idea 

that made it. 

You can't photograph ideas. 

But they win wars. They make 

jobs. They make prosperity. They 

make well-being. 

They used to come as a reve

lation once in a while, almost like 

a miracle to an individual. Now, 

there are teams that insure them. 

Groups that keep ideas flowing. 

People who know how to dip into 

the wealth of nature for what they 

need. 

They are scientists. They work 

together in laboratories. 

They are working at the Bell 

Telephone Laboratories. Thou

sands of them. This is the biggest 

industrial laboratory in the world. 

Once its work was all telephone, 

To help your voice reach anyone, 

anywhere. Easily, quickly, at low 

cost. Now it's war. Day and night. 

Seven days a week. 

Our fighting men see the results 

of American research every day. 

BELL TELEPHONE SYSTEM 

Help the war by making only vital calls 

to war-busy centers. That's more and 

more essential every day. 
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H O W  G R E AT T H E  C H A N G E S ?  

T HE enormous strides that have been made by science and 
technology during the past two years point irrevocably toward 
a bright new world when the clouds of war are dissipated 
and man can once more turn his hand to the pursuits of peace. 
Post-war planning is now upon us in full force. Out of such 
planning, coupled with the lessons learned in the laboratories 
and plants during the stupendous drive for war production, 
will come new developments that will stagger the average 
mind, that will make daily life far different in many respects 
than it has ever been in the past. 

Such statements are irrefutable. Readers of Scientific Ameri
can have - been following the reports-screened as they must 
be of necessity by the demands of wartime secrecy-of new 
developments in many fields. Foods, transportation, rubber, con
struction materials, -textiles-the l ist could go on for many 
lines�all are being revolutionized by the results of the pres
sure under which science is now working and wi1l"'continue 
to work until the last enemy of peace-loving nations has been 
subj ugated. That the enlightened days to come will be better 
than any ever known in the past goes without saying. 

But will the world of tomorrow be so radically different 
from that of the past? True enough, there are indications that 
the "four freedoms" may eventually be guaranteed to every 
living person and that life in the future will be easier in many 
ways. The basic fundamental of all existence,. however, is 
the person himself, stripped of the comforts and - conveniences 
made possible by his environment. On this basis, then, will the 
new world be so far different from the old ? 

A look into the past may furnish an answer. These great 
United States were settled by farmers who were largely suffi
cient unto themselves. With their bare haRds they carved 
a nation from the wilderness, fought for their ideals, laid the 
foundations for a great future built largely on courage, re
sourcefulness, and creative energy, salted liberally with a con
cern for the whole people rather than for the privileged few. 
This democratic ideal worked. Of course, it had its short
comings, as will everything ever conceived by man. Yet, it 
worked. It worked so well that the young nation flourished 
strong and mightily, gave birth to the industrial era that has 
made it outstanding among the countries of the world. Through 
all this the people as a whole remained unchanged in their de-
votion to first principles. 

. 

Life speeded up. Communications drew the far-flung parts of 
the nation closer together. Transportation brought distant areas 
nearer, made interchange of goods and thoughts easier and 
more profitable to all. Technology changed many pictures, giving 
radio, the automobile, better clothing, better foods, improved 
materials to the masses. Yet the ideal of democracy remained 
the unchanging factor in a changing world. 

\Vill the future, then, from this standpoint, be so far 
removed from the past ? We will fly to foreign lands in hours 
where the same trip formerly required days or weeks . We will 
have better homes, better automobiles, better communication 
systems .. We will have plastics, synthetic rubbers, other products 
of the test-tube to make the way smoother or more convenient. 
We will be at peace with other nations .in a world made more 
liveable by the products of science. But in many respects it 
will still be the same old world, with ham and eggs for 
breakfast.-A .P.P. 

ACC I D E NTS? 

I S IT derogatory t o  a scientific discoverer t o  say that his dis
covery arose from an accident ? Is it little to his credit that, as 
is sometimes implied, he merely blunders on his great discovery ? 

In the midst of a most immediate war, British scientists have 
recently been discussing this question in their scientific j ournal 
Nature. 

The consensus arrived at is that it is not derogatory to 
say that a scientist made his discovery by accident. 

Perhaps in popular, story-book tradition a scientific genius 
proceeds to his triumphal discovery all according to an ordered 
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OUR 

OF VIEW 

plan. He knows in advance precisely what he seeks to discover 
and he proceeds on an undeviating line toward his goal. In 
actual fact, this has seldom happened in scientific research. The 
greater proportion of the big discoveries have been found along 
the road, generally off it and to one side of it, lea.ding toward 
the discoveries the _ scientists originally set out to make-dis
coveries which, if they are then made at all, prove to be 
relatively less important than the ones that are made. Some 
examples: 

Minkowski and von Mehring set out to discover the effect 
of the pancreas on digestion-a most worthy aim. They de
prived a dog of its pancreas. As a side observation of an 
apparently casual sort it was noticed that flies swarmed where 
the dog had urinated. They stopped to find out why. Sugar was 
found. Banting and B est were then abl e  to go ahead and 
discover insulin for diabetics. Suppose, however, that one experi
menter had said impatiently to the other, "That's off the main 
track. Come on and let's get going." We'd then have had a 
better understanding of the effect of the pancreas on digestion, 
but diabetics would not have insulin to keep them from dying. 

Another example : Roentgen discovered X-rays "by accident." 
N ear a Crookes tube in a dark room was a platinum com
pound. When the tube was operated he noticed that this 
compound, which merely happened to be there among the 
physicist's typical table litter, gave off a dim light. Roentgen 
departed from the path to his intended goal to discover the 
X-ray. What the intended goal was is  forgotten. 

Third example : Becquerel discovers radioactivity through 
a combination of plausible reasoning and accident. X-rays had 
been found to be caused apparently through fluorescence. 
Becquerel knew that some uranium compounds would fluoresce 
in sunlight, hence he planned to discover that X-rays could be 
produced by sunlight. He covered a photographic plate with 
black paper, sprinkled on this some uranium nitrate, and laid 
the whole in the sun. Result : The plate was blackened beneath 
. the uranium. X -rays, therefore, were produced by sunlight. 
Being a good scientist he set out, however, to verify the 
demonstration by repetition. Unfortunately ( or not) a stormy 
period intervened, so he kept the plate in a closet till the 
sun returned. Because of the interval he then thought perhaps 
a new plate should be used, but for some reason he developed 
the one that had been lying in the dark. The very same black
ening ! Gamma rays similar to X-rays had been emitted by 
the uranium all the time. He followed up the lead given by 
this "accident" ( ? ) and suggested to Madame Curie the 
experiments that led to the discovery of radium. 

Were these accidents ? Here is the nubbin of the matter. 
The word is a misnomer. In every case-and the history of 
science abounds with cases like them-the discovery was made 
through incidents, not accidents ; incidents that were not of 
the scientists' intentional making. For it is no accident when 
the experimenter pauses to run up the side-alley and ascertain 
the meaning of the incident. Here is where the greatness l ies 
-many of us ( and many scientists themselves) pass straight 
over trifling incidents which may conceal riches. Among them
selves, experimental scientists speak, in such cases, of follow
ing - up a "hunch." But as "hunches" go, they are much more 
than the word usually connotes ; they are _ not accidents, they 
are at worst unconscious cerebration, at best genius. 

It, therefore, can be argued that discovery by "accident" 
represents a higher, not a lower, form than discovery by 
plotted design.-A. G.I. 
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P e r s ona l i t i e s  
• 

In 

Sci ence 

WHEN a small group of pioneers 
in aviation medicine gathered in 

their shack in France some 25 years ago 
and heard a young, quiet-spoken member 
of their group expound his idea for a 
standard test to determine the fitness of 
aviators to fly, particularly at high alti
tudes, it is probable that few had any 
idea that they were approving a plan 
which would still be in use a quarter 
of a century later. 

It i s  equally unlikely that any of the 
group realized that the plan would, some 
25 years after, win the John Jeffries 
Award for 1942 given by the Institute 
of Aeronautical Sciences. 

Edward C. Schneider, Sc.D., professor 
of biology at Wesleyan University, was 
the young scientist who originated the 
Schneider Physical Fitness Index in that 
shack in France during World War I. 
A few weeks ago Dr. Schneider was the 
guest, of: honor at the Honors Night 
Dinner,. in iN ew ' York of the Institute of 
Aeronautical., Sciences and was recog
nized for: his pioneering research in the 
field oLaviation medicine. 

Dr. Schneider displayed an interest in 
aviation Iinedicine early in life and that 
interest has . never waned. After receiving 
his undergraduate)" training at Tabor 
College in Iowa '(·his native state), he 
received the degree of Ph:D. at Yale Uni
versity and then j oined the faculty, 'of 
Tabor College and later ColoraddColleie, 
where he taught biology, physiology, and 
chemistry. 

During these years he was keenly in
terested' in' the' studies of the physiological 
reactions, 'of'mankind to high altitudes at 
Colorado Springs and Pike's Peak and 
in 1911 was a member of the Anglo
American Pike's Peak Expedition study
ing mountain sickness and adaptation' to 
high, altitudes. 

When .. the progress of World War I 
brought air,: warfare to the front; Dr. 
Schneider was a "natural" for the post 
of physiologist-in charge of the ,Medical 
Research Laboratory set up in Washing-

EDWA RD 

ton by the Medical Research Board to 
investigate conditions which affect air
craft pilots and to provide tests and ap
paratus with which to counteract the ill 
effects of high altitude flying. 

The aeromedical laboratory was later 
moved to Hazelhurst Field on Long 
Island, then one of the larger pilot train
ing centers, and a school for' training 
flight surgeons was established,'its first 
courses of study being arranged by Dr. 
Schneider. . When a group 6f officers 
trained at the school were sent to France 
to establish a laboratory at Issoudun, 
Dr. Sthneide� , then a Major, went along 
as a member of the Medical Research 
Board heading the group. 

It  was at this laboratory, about 150  
miles from the battle front, that the 
Schneider Physical Fitness Index was 
developed and first put into use. It is a 
system of scoring men as to health and 
physical fitness by a simple standardized 
test of the heart and circulatory condition 
of the individual at rest and after a pre
scribed amount of activity. The test in
dicates, among other things, fatigue and 
general 'unfitness of the body before the 
condition becomes outwardly apparent. 
Thus the onset of "staleness" in a pilot 
who has not had adequate rest or rec
reation over a considerable period can 
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be detected before his condition becomes 
serious and a possible nervous break 
occurs. 

In addition to the research leading to 
this fitness test, Dr. Schneider has done 
a great amount of research on the effects 
of high altitude on the human organism, 
learning why some persons are able to 
withstand the ill effects of high altitude to 
a greater extent than can others. He has 
also devised apparatus for measurement 
of and protection against the effects of 
low oxygen intake. Experiments were 
made in high altitude airplane flights as 
well as in low pressure

' 
test chambers. 

When the laboratory was reorganiz!!d 
as the Army School of Aviation Medi
cine, Dr. Schneider became physiologist 
and director of research as a Lieutenant 
Colonel. Until 1 925 he divided his time 
bet\\Teen this and his post as Daniel Ayres 
Professor of Biology' at Wesleyan. 

Today, in his 69th year, Dr. Schneider 
is little changed from the days when he 
originated the "Schneider test." Aviation 
medicine is still his chief interest and his 
only regret is that he cannot play a 
more active part in the world conflict. 
He is, however, continuing his research 
in his quiet unassuming way and his 
findings may yet play an important part 
in aviation's part in winning the war. 
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SKY SENTRIES ON GUARD 
Important U. S. Centers Are Protected by Barrage Balloons 

H IGH OVERHEAD, the drone of many 
motors was heard as a squadron 

of Goering's Luftwaffe bombers appeared 
out of the East and headed across the 
English ChanneL Spewed from captured 
French airdromes, the planes were on 
their way to carry another air blitz to 
London. It was a glorious moon-light 
night and visibility was perfect, except for 
occasional intervals when the full moon 
hid behind passing clouds. 

A few minutes before ten o'clock, the 
first of the Nazi bomber fleet approached 
the B ritish coast, flying in echelon. Soon 
the airplane spotters and fire watchers 
on the house-tops saw 24 Stukas silhou
etted against the moon, no bigger than 
flies. In the distance could be heard the 
roar of many larger raiding craft. Cross
ing the coastline, each of the enemy planes 
dropped a single bomb at the shore in
stallations far beneath them. This was 
more for psychological reasons than for 
destructive purposes. As the screaming 
proj ectiles fell, the gunners on the ground 
and house-tops sent up star shells, shining 
with magnesium brilliance, to high-light 
the ships of the attackers. Then, a green 
flare shot up j ust ahead of the first 
bomber and began to burn acidly in the 
sky. The glare l ighted up the plane with 
a ghostly light and the sky behind was 
turned into a blue-black curtain. Scores 
of white flares followed, dancing l ike 
gnats about the on-coming Stukas, and 
making each stand out in bold relief. As 
they flew inland, the bombers were pur
sued by a myriad of crisscrossing tracer 
shells and anti-aircraft fire. 

The target tonight was the highly im
portant Battersea power plant. The plant 
area was ringed about with barrage bal
loons. During the day, the balloons were 
lowered so that Nazi reconnaissance fliers 
could not see them. These hydrogen-in
flated bags, with their intricate pattern 
of strong wire cables forming a formid
able spider-like web, were directly in the 
path of the on-rushing bombers-on guard 
against their approaching dive attack. 
The sky sentries were placed at heights 
varying from 1 0,000 to 2,000 feet. 

Concentrating on the target, the Stukas 
flew .ahead swiftly and with deadly 
rhythm, the anti -aircraft fire forcing them 
to remain high in the air. As spotters 
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and watchers continued to gaze aloft, 
the leader approached the obj ective and 
the dives started. The lead plane peeled 
off and plumeted down, at a speed of 
more than 400 miles an hour. It was 
quickly followed by the rest of the fleet, 
which dove l ike a wedge of destruction 
toward the power-generating buildings. 
A cloud had obscured the moon j ust as the 
plunge toward the earth began and noth
ing was visible to the pilots in the black
out below, particularly since they had 
j ust left the glare of the magnesium sky 

. torches. Down, down, down, with the 
wind shrieking through the ailerons. 

The bombardiers of the larger raiders 
dropped some of their eggs on the city 
as they sped overhead. The earth trembled 
to the blasts of the bombs spewed from 
the death-dealing aircraft. Fires broke 
out in many different sections at once 
and a black pall of smoke hung above the 
roof-tops. Columns of debris reared sky
ward, slowly mushroomed and fell back. 
A tremendous explosion resulted when 
several bombs landed in a concentrated 
area and went off simultaneously, ripping 
the curtain of smoke apart in a shower of 
sparks. From below, the 3-inch 50's 
barked-the 20mm's spat and sprayed. 

Now THE Stuka squadron leader was 
on the target. His plane was com

ing down so fast that he never saw the 
barrage of balloons floating above. He 
crashed into the wire net, held aloft by 
the swaying bags, with such force that 
the rebound of the steel cables sent his 
Stuka hurtling back in the direction from 
which it had come. The ship, a mass of 
twisted metal, disintegrated in the air 
and went plummeting down to the inferno 
in the streets below. 

At that moment the second bomber 
pilot saw the fatal predicament of his 
leader and, realizing the reason for the 
crash attempted to pull his ship out of 
its plunge so that he might rise above 
the obstruction. As he counted the sec
onds, the plane started up-slowly up, it 
seemed. As it gained altitude, the pilot 
suddenly saw a dark shadow above. It 
was sausage shaped and appeared to be 
of immense bulk as it loomed out of the 
dark. Too late ! He could not clear it and 
plunged directly into the huge envelope. 

There was a rending, tearing sound as 
the plane went through the fabric, fol
lowed by a terriffic explosion as the hy
drogen in the barrage balloon ignited. 
The airplane, ablaze, went spinning over 
and over toward the shambles below. The 
pilot could be seen by watchers, sitting in 
the cockpit, solid with flames, as he gave 
his l ife for his Fuehrer. 

THE SPIDER-LIKE strands of the steel 
net, which had been held up by the gas 

bag, came tumbling down-their weight 
rending, tearing and crushing anything 
and everything in their path. On its way 
down, the main cable, lashing about, struck 
a third one of the dive-bombers, when the 
machine was less than 2000 feet from the 
ground. The blow of the steel strand 
crashed through the gas tank and a flash
ing spark set the petrol afire. Blazing 
fiercely, and twisting over and over, the 
plane plunged downward when, suddenly, 
another speck appeared behind it. It was 

. the pilot. For a breathless moment his 
chute fouled the fuselage, then he broke 
clear. In a matter of seconds the airplane 
struck. 

The Luftwaffe pilots in the rear of the 
formation had witnessed the fate of their 
fellows and were making desperate at
tempts to either ride over or swerve 
aside from the barrage of balloons. Most 
of the bomber crafi: were able to do so, 
but one, brushing against one of the steel 
strands of the sky net, was blown to 
pieces in the air by the thousands of volts 
of static electricity with which the wires 
were charged. As the plane exploded, its 
gasoline tanks burst into a mass of flames 
and spattered blazing fuel far and wide. 
The fuselage went into its last glide, los
ing altitude and streaming fire like a 
thrown torch. 

Another of the Stukas struck the main 
cable of one of the balloons. Although the 
bomber did not crash but managed to sur
vive the impact, the steel strand which 
anchored the gas bag to the ground 
parted and away soared the sky sentry. 
With its cable lashing and slashing in 
deadly swings, the run-away craft was 
blown inland by an offshore breeze. 
Careening along on its rampaging flight, 
the balloon's trailing cable came in con
tact with a water tower atop a London 
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Goodyear Photograph, Approved by U.S. War Department 
B a rrage balloons, plus a new naval a i rsh ip  and  two privately operated bl imps 

hostelry, coiled about it l ike the tentacle 
of an octopus, strained for a moment and 
then tore the tank loose, sending tons 
of water cascading down on the surprised 
blitz workers below who were expecting 
fire, bomb fragments, and mortar-but not 
a waterfall from the sky. Free from this 
obstacle, the craft went sailing along 
again with the steel strand twisting and 
hissing snake-like as it swung through the 
night air. This time the cable wound it
self about a church steeple and could not 
tear away. One of the Stukas, which had 
j ettisoned its bombs and was winging 
toward the Channel, sprayed the bag in 
passing with incendiary bullets and the 
hydrogen-filled envelope exploded with a 
violence that sent the steeple crashing. 
The burning barrage craft fell on the 
church roof and soon that edifice was a 
mass of flames. 

W
HILE incidents like the above have 
not as yet been experienced in the 

United States, we are prepared to meet 
enemy dive-bomber attacks, for we have 
built many hundreds of barrage balloons 
and are continuing to build them in ever
increasing numbers. Few persons have 
seen them and few probably will, unless 
or until an air attack is  made on us.  Bat
talions of trained personnel and the craft 
are housed in convenient places near 
vitally important targets-industrial and 
war plants, bridges, ship anchorages, over
seas bases, sources of power supply, rail 

terminals, ammunition supply depots, and 
a hundred other critical points which we 
must defend at any cost. 

Both British and American military 
experts are agreed that the barrage bal
loon is the best defense yet devised against 
the dive bomber. The sausage bags will 
be used in large numbers to defend im
portant cities, such as the Nation's Capi
tal ; New York and Boston, on the East 
Coast ; San Francisco and Seattle, on the 
West Coast, together with other instal
lations vital to our war economy. To ring 
these about completely with anti-aircraft 
artillery would require a tremendous 
amount of costly equipment, but to cover 
certain areas with the less cost1y balloons 
and other sectors with anti-aircraft ar
tillery will simplify the task and still pro
vide a strong defense. Our army officials 
have been . farsighted in this matter and 
are seeing to it that we shall be supplied 
with a sufficient number of barrage bal
loons for adequate protection in the event 
of an air invasion. Most of the large rub
ber companies in the United States have 
been given contracts to produce the gas 
bags and are turning them out in quantity. 
The number of these balloons now avail
able for the defense of our important 
cities and vital war installations is, of 
course, a military secret ; enough, how
ever, we are assured, have been produced 
to date to make our most highly vulner
able areas safe from Nazi and Jap dive 
bombers. 
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Aside from the uses already mentioned, 
the sky sentries are one of the best added 
defenses in the vital military zones of the 
Panama Canal, the Well and Canal, and 
the Sault Sainte Marie installations. To 
be assured of hits on these small targets, 
enemy pilots would find low flying or 
dive bombing necessary. By placing the 
bags, with their attendant deadly sky nets, 
in sufficient numbers about the areas, the 
enemy will be forced to fly at a height 
of more than a mile. The bomber's chances 
of registering a hit, at that altitude, even 
if he weathers the anti-aircraft gun fire, 
will ,be immeasurably less than it would 
be if he were free to approach close to 
the locks before releasing his bombs. The 
English have successfully protected Port 
Twefik, important Red Sea harbor 
through which much lend-lease material 
flows, at the southern end of the Suez 
Canal, with a screen of balloons.  A recent 
and most effective innovation in the 
British Navy was to attach the gas bags 
to ships in convoy approaching home port, 
to protect the flotilla from enemy pilots 
who came out to attack. Since then, squad
rons of Stukas have turned tail on seeing 
the balloon-protected ships. 

When dive-bombers appear in the 
sky, speed in getting the bags into the 
air may spell the difference between the 
success or failure of a raid. No plane 
will willingly come near the dangling 
steel net held up by these sky sentries. 
The balloons are invaluable to anti-air-
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"Staking out" a four- lobe barrag e  balloon where housinq facilities are not available 

craft gunners because they keep bombers 
high in the air, where the range of sound
detecting apparatus is truer. Failure to 
raise the usual barrage of balloons in one 
London area during a daylight vengeance 
raid, resulted in six Nazi raiders getting 
through the city's defenses. A school lost 
48 killed, mostly children. Air Minister 
Sir Archibald Sinclair explained that the 
craft were down because of maintenance 
work being done on them. This would 
not happen in the United States for our 
men have been trained to use replace
ment bags in the event that any are tem
porarily out of service for repairs or rou
tine inspections. 

I N TODA Y'S global war, barrage balloons 
are the only I ighter-than-air craft yet 

used by any of the belligerents-except 
for our effective use of the blimp for 
coastal patrol and convoy duty against 
the sub menace. Preliminary studies in 
the use of the balloons were made in this 
country by the Army Air Corps and this 
arm of the service i s  still charged with 
the development and procurement of 
equipment for the sausage bags. However, 
the craft are now in the charge of the 
Coast Artillery Corps, the only branch of 
our combat army that does not seek out 
the invader to attack him . .Its purpose is to 
keep the invader away from places which 
he wants to attack. The first army barrage 
balloon school to be opened by the Coast 
Artillery was at Camp Davis, North 
Carolina, on July 28, 1 941 .  Another train
ing center is maintained at Camp Tyson, 
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Tennessee, where there are facilities for 
the schooling of over 7000 men at one 
time. 

Maj or General J. A. Green, Chief of 
the Coast Artillery, says, regarding the 
barrage balloon : "The number of air
planes brought down by these balloons is 
not to be regarded as a criterion of their 
value as a defensive weapon. In this re
spect they are in the same category as 
sea-coast artillery. If these coast batteries 
are so feared by the enemy as to prevent 
him from coming within range of their 
guns, they accomplish their purpose. It is 
j ust so with barrage balloons. The enemy, 
if he knows a barrage of the craft is in 
front of him, will avoid it every time. 
Since the gas bags can be anchored to 
trucks and readily moved about from 
place to place, they constitute a constant 
headache to the dive-bomber." 

As to our being attacked from the air, 
Axis pilots have been kept so busy in 
the European, North African, and Pacific 
war theaters that they have not yet found 
themselves in a position to pay us any 
long-promised visits. The Fuehrer's intui
tion, particularly after the Russian 
debacle, should warn him that Nipponese 
boasts, made before the J ap withdrawal 
from Guadalcanal, will never materialize 
-j ust as the boasted taking of Stalin
grad never came to fruition. It will be 
our diplomats who will direct the signing 
of the peace from Washington ! Until 
then we will be prepared to protect not 
only the Capital but every other American 
city and critical installation from dive-

minded enemy pilots-protect them with 
barrage balloons and with every other 
modern weapon and vehicle of offense and 
defense that is available. 

• • 
WAR PRISONERS 

Study and Teach Science 

Behind Barbed·Wire 

• 

M ANY outstanding scientists, as well 
as former teachers of scientific , subj ects in 
universities, colleges, and schools, are 
now in the war prison camps of the 
belligerent nations, according to Dr. 
Darius Davis of the War Prisoners Aid 
of the Y.M.C.A. 

Such gifted prisoners help themselves 
and their fellows to endure - the tedium of 
l ife behind barbed-,wire by acting as 
teachers of scientific 5ubj ects in the edu
cational programs for prisoners, stimulat
ed and guided by the War Prisoners Aid 
of the "Y." Some of tht! prisoner-teachers 
have even written thei'r own texts. 

"Science holds an important place in 
the curriculum of this strange prisoner 
university, with branches in the war 
prison camps of almost all of the belli� 
gerents," says Dr. Davis. "British prison
ers in Germany alone have requested more 
than 420 university courses ! The aim of 
the program is not only to prevent despair 
and deterioration in men penned-up am;l 
idle, but also to preserve for the post-war 
world the wealth of scientific attainment 
in today's prison camps." 
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Su ga r ,  A ' C h e m ica l l y - P u r e '  F o o d  
H ig h ly Techn ica l  I n dustria l Processes, P lus  Efficient 

Operation of P la nts, Produce Beet Sugar at  Low Cost 

R O Y  H .  C O T T R E L L  
Vice Pre'sident and General Superintendent, 

Amalgamated Sugar Company 

S UCAR has always been a low-price 
food, and is even today. Yet sugar, 

whether derived from cane or beets, 
requires high skills and relatively 
large investment on the farm, as well as 
heavy investment in procL�sing plants and 
highly technical processing. The labora
tory alone in a sugar factory requires 
greater investment than the 
total plant required to clean 
navy beans on a large scale, 
for example, although the 
price of dried navy beans at 
any corner grocery is about 
50 percent higher per pound 
than the price of refined sugar. 
Yet beans constitute a crop 
easi ly raised in a short season 
with mmmlUm agricultural 
hazard, require almost 110 
processing, are non-perishable, 
and need no special handling. 
As a matter of fact, no other 
food product, which requires a 
raw material subj ect to agri
cultural hazards as well as 
highly technical processing 
and high standards of purity, 
is generally sold to the public 
at such a low' price as sugar. 

which have been made within the industry 
since World \\Tar 1 .  Not only has average 
production doubled within that period, but 
significant improvements have been made 
in the agricultural and industrial tech
niques. 

Eighty-five beet sugar factories are 
scattered from Ohio to California, but in 
a true sense they do not manufacture 
sugar. Sugar is "manufactured" in plants 
alone, by ' the process of photosynthesis. 
Man contributes to sugar production only 
to the extent that he devises ever more 

concentration of the sugar syrups ; crys
tallization ; and recovery of the crystals 
in final commercial form. 

After the beet roots have been washed 
to remove soil and other foreign matter, 
they are sliced into short, thin strips re
sembling shoe-string potatoes and called 
"cossettes ." These cossettes are intro
duced into a diffusion battery, which con
sists of 14 vertical, cylindrical tanks which 
will hold ' several tons each. A fairly con
centrated solution of sugar in the form 
of beet j uice is passed through the fresh 
cossettes, and by a combined action of 
diffusion and osmosis a part of the sugar 
in the cossettes is recovered in the j uice. 
The j uice is drawn off for further treat
ment, and the cossettes are treated again 
with a j uice of somewhat lower concen
traJion. Again the juice takes up a part of 
the sugar in the sliced beets, and the 
j uice so obtained is used to treat fresh 
cossettes. In this manner the sliced beets 
are treated with j uices of progressively 
lower sugar .concentration, and in each 
step the j uice gains sugar and the slices 

lose it. In the last of II such 
treatments, water is passed 
thmugh the slices. 

\\Then the cossettes have 
been fully subj ected to the ex
traction processes, they are 
pumped to silos or to drying 
plants, and eventually are used 
as stock feed. They contain 
about 0.2 percent of sugar, the 
recovery of 'which would en
tail a cost in excess of the 
value of the sugar recovered. 

The "raw j uice" drawn off 
from the diffusion battery, con
taining approximately 13 per
cent of sugar, i s  next treated 
to remove the maximum 
amount of non-sugars before 
crystallization. The method 
universally employed consists 
in rendering the non-sugars in
soluble by heat and chemical 
reagents, and in removing the 
resulting precipitate by filtra
tion. The extent to which the 
non-sugars are eliminated de
termines the amount of sugar 
which can be recovered by 
crystallization. 

This is only one of the as
pects of sugar that give it 
new perspectives against the 
background of war. Long an 
essential part of the diet, sugar 
has now become more than 
ever important in the conser
vation of other foods by can
ning, and one of its by-prod
ucts-molasses-is a raw ma
terial for ethyl alcohol, which 
has a wide variety of essential "Worm's eye" view of  sugor  beets r� =dy for horvesting 

The temperature of the raw 
j uice is first raised to 8S de
grees, Centigrade, and is then 
pumped to the "fi rst carbona
tion station." Here . milk of war uses. 

The outbreak of the war changed al
most overnight the conditions within the 
sugar industry. With the loss of the 
Philippines, the United States was cut 
off from nearly a million tons of sugar 
which is normally received from that 
source. Submarine warfare in the Carib
bean made shipment from Cuba and 
Puerto Rico hazardous and uncertain. To 
some extent the usual commerce in sugar 
between Hawaii and the mainland was in
terrupted. The combination of these cir
clunstances made the United States more 
than ever dependent on internal produc
tion of sugar. 

The backlog of beet sugar at the be
ginning of the war may, in large measure, 
be considered a reflection of advances 

efficient methods of extracting sugar i,01l1 
the cells of plants. The sugar of commerce 
is sucrose, .a chemical compound having 
the formula C12H22011. Sugar cane and 
sugar beets store sucrose in relatively 
larger quantities than other plants, and 
for that reason they have become the 
most important' sources of commercial 
sugar production. The completely refined 
product from these two sources is identi
cal in all respects and may be used in
terchangeably for all purposes. 

Although there are minor variations in 
the details in the processes of extracting 
sugar from beets, in general they consist 
of five major steps ; Extraction of sugar 
from the plant tissues in the form of dllute 
juice ; purification of the extracted juice : 
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lime is added t o  the j uice, the mixture 
is  agitated, and carbon dioxide bubbled 
through it. As CaO and C02 react to 
form CaC03, a floc is formed which oc
cludes suspended solids. The addition of 
carbon dioxide is continued until a defi
nite floc appears, or until a predetermined 
level of alkalinity is reached. The j uice 
is then passed through heaters and subse
quently filtered. 

The resulting j uice is amber-colored 
and sparkling clear, having lost more than 
a third of its organic non-sugars during 
filtration. The organic lion-sugars thu< 
removed form a part of the filter cake 
which is washed with hot water to free if 
of j uice and discarded as waste. The 
wash-water, known as "sweet water;" Is  
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used in the preparation of milk of lime 
and the sugar it contains is ultimately 
recovered. 

After a second carbonation and filtra
tion, the j uice is pumped through a heater 
to the top of a tower in which it trickles 
down over baffles. Sulfur dioxide gas is 
introduced at the bottom of the tower and 
spent gases are drawn off at the top. 
Sulfur dioxide serves to lower the alka
linity, reduce the viscosity, partially 
bleach the j uice, and kill bacteria. 

The j uice is then filtered once more. 
It is now a light, straw-colored liquid 
of about 12.0 percent concentration of 
sugar, and about 13 .5  percent total solios,  
including sugar. 

C
ONCENTRATION i s  accomplished in two 
operations. A preliminary concentra

tion takes place in multiple-effect evap�r
ators, followed by further concentration 
in the vacuum pan. Operation of the 
evaporators is entirely a mechanical proc
ess and will be discussed in connection 
with a description of fuel economy 
methods later in this article. 

After leaving the evaporators the syrup, 
now having a concentration of about 65 
percent sugar, i s  heated, blended with 
melted low-grade sugars and syrups from 
subsequent processes, and filtered. I t  is 
then drawn into the vacuum pan and 
boiled until supersaturation occurs and 
seed crystals appear. Samples are drawn 
from the pan frequently and examined 
by the operator to determine concentration 
and the number and size of crystals. 

When a sufficient number of these seed 
crystals has appeared the operator reduces 
the degree of supersaturation by raising 
the temperature and by the addition of 
unsaturated syrup. From that 
point forward, the operator 
adds syrup at a rate which 
will maintain the appropri
a te degree of supersaturation. 
Seed crystals previously 
formed grow under these 
conditions, but no new crys
tals are formed. The operator 
must be able to j udge the 
point at which no more seed 
crystals will be formed in 
order that the crystals will 
be of a desired size when the 
pan is full. The process of 
"boiling" requires the high
est skill of any operation m 
the factory. 

Once the vacuum pan is 
filled and the sugar crystals 
have reached the proper size, 
the contents are dropped into 
a j acketed, heated mixer lo
cated directly above centrifu
gals. The mixture of crystals 
and syrup is called "masse
cuite" or "filmass" -terms 
borrowed from the French 
and German. 

The massecuite is next in
troduced into a centrifugal. 
The basket of the centrifugal 
is perforated, and lined with 
a brass screen having per
forations so small that sugar 
crystals cannot pass through 
them. 

1 Q  

When sugar beets enter a factory, 
they are first thoroughly washed, after 
which they are l i fted by revolv ing 
paddles to a "rol ler  picking table," 
shown a bove, where jets of water 
remove any remain ing foreig n matter 

A typical sulfur station i n  a sugar
beet  factory, where  the extracted 
juice is  treated with sulfur dioxide 

With the centrifugal in motion, syrup 
is forced through the screen and basket 
walls and escapes into storage tanks. 
Sugar crystals are retained around the 
basket lining. There, while the machine is 
in full speed, the sugar is washed with 
hot, distilled water to remove adhering 
syrup. On further spinning the sugar 
is dried to about 1 .0  percent moisture 
content. From the centrifugal the sugar is 
passed through a drier, in which the mois 
ture content is reduced to  0.025 percent, 
and the sugar is ready for packaging ano 
delivery to market. 

SUGAR for household use must meet 
rather s imple, easily attained standards 

of purity, sanitation, size of crystal, and 
packaging. On the other hand, certain in
dustries such as baking, confectioneries, 
preserving, canning, and soft drink manu
facturing, have developed such highly 
technical procedures that the sugar used 
must meet exacting specifications. Since a 
beet sugar processor operates for a rela
tively short season of the year, he cannot 
anticipate his sales with an accuracy that 
will permit him to set aside particular lots 
of sugar for particular buyers. He must, 
therefore, maintain high technical stand
ards for his total production. 

Except for highly specialized use. the 
following specifications are typical of re
fined sugars offered in the general mar
ket : 

Moisture 
Mineral Ash 
Sl1lphates 

Organic non-
sugars 

0.025 percent 
0.009 
Less than 5 parts 
per million 
Trace 

In addition, a syrup formed when sugar 
is dissolved in oistilled water in 50 per
cent solution must be water-white and 
free of turbidity. It  must not show ap
preciable turbidity upon addition of ethyl 
alcohol. 

It will be evident to the chemist that 
commercial refined sugar is more highly 
refined than many laboratory reagents 
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Vacuum pans for concentration of beet -sugar  ju ice 

graded "chemically pure," and in addition 
it must meet the biological standards of a 
pure food. 

How is it that a "chemically pure" prod
uct can be placed on the market at the 
current prices for sugar ? The answer lies 
in part in the technical efficiencies and 
economies practiced in sugar manufacture, 
among which the control of fuel may be 
cited as an illustration. 

In a typical factory, pulverized coal of 
about 12,300 BTU is burned in two 
boilers. At maximum load each boiler 
generates 1 00,000 pounds of steam an hour 
at 200 pounds pressure. Efficient genera
tion of steam requires this pressure, but 
since the pressure is too high for safe use 
in the manufacturing process, it is  put 
through turbo generators, and the exhaust 
at 22 pounds is used in the process. As a 
result, sufficient power to operate the 300 
motors in the plant is obtained as a by
product of the pressure reduction. In fact, 
an excess of power could be generated 
since some live steam is added to the ex
haust to furnish sufficient process steam. 

The exhaust goes directly to the first 
effect of a quintuple-effect evaporator 
system. Vapor removed in the first effect 
is used as steam in the steam-chest of the 
second ; vapor from the second is used in 
the steam-chest of the third ; and so on 
until the vapor from the last effect is 
passed to the condenser. All non-conden
sible gases are removed from the con
denser by a vacuum pump. The tempera
ture difference between the exhaust steam 
in the first effect and the boiling tempera
ture of the j uice in the last effect may 
approximate 70 degrees, Centigrade. Di
vided between the five effects it is suf
ficiell.t to insure a rapid rate of heat trans
fer through the walls of the tubes. 

As a result of this system the live 
steam first furnishes power ; then it is 
used five times over in evaporation. But 
this is  not all. Vapor from the first three 
effects is also used for the j uice heaters 
and vacuum pans. The heat remaining in 

the condensate from all effects and the 
pans is partia lly recovered by using the 
water for boi l er feed water, for washing 
press cake, and for other process purposes. 
It is  pure, distilled water. The evaporators 
in a medium-size plant remove in excess 
of 100 tons of water every hour for 24 
hours a day. Efficient combustion of coal 
in the boiler furnaces, a high boiler ef
ficiency, and economic use of the steam 
generated, result in maj or fuel economies .  
\Vhere formerly it required as high as 
160 pounds of coal to produce a pound 
of refined sugar only 60 or less are now 
required. Since a plant of this size pro
duces 360 tons of refined sugar per day, 
the saving in ('oal is a substantial amount. 

In recent years similar although less 
spectacular savings have been made in the 
use of other operating supplies, all leading 
to the low sale price of sugar to the 
consumer. 

• • • 

D I E  PRODUCTION 

By New Method Reduces 

Time and Labor Requirements 

LARGE-SCALE manufacture of "template 
dies" for the aircraft and similar indus
tries, as well as fixtures, will, by new 
production methods, save 3/4 of the time 
required to produce the dies while reduc
ing die cost 65 percent. Hundreds of in
dividual dies have already been produced 
by Algoma Products for the aircraft 
industry as a result of a preliminary 
announcement of this new development 
to a few aircraft manufacturers. 

In view of the fact that it is  necessary 
for the aircraft industry to continuously 
modify designs of aircraft as battle ex
perience is gained, it has become par
ticularly vital that such changes shall be 
effected · in the minimum of time. In the 
past, it has taken a long time to prepare 
die designs and produce the new dies 
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required before a change can be put  into 
effect. It  i s  claimed that with Algoma 
template dies and the production process 
which has been evolved, it appears possi
ble to do in a few hours what normally 
requires weeks, even months. The new 
dies eliminate entirely the necessity for 
separate die design and do not require 
highly specialized production equipment. 
Moreover, the process has been laid out 
in such a manner that large numbers of 
die makers are not required. M ueh of the 
production can be handled by mechanics 
with only normal skill in the operation 
of specific types of conventional machine 
tools: 

ODOR PROBLEMS 

Present a Challenge to 

Industrial Chemists 

T H E  IDEA of a universal deodorant which 
would, by physical or chemical action 
upon any odorous substance, completely 
destroy it and thus do away with its odor, 
without introducing any odor of its own, 
has been proposed from time to time by 
ambitious inventors, but so far it is still 
j ust an idea. 

When all of the usual approaches to a 
deodorizing problem fail-and they do 
frequently-the art of "odor neutraliza
tion," which is a branch of perfumery, may 
help. While by no means universally ap
plicable, this method utilizes the offending 
odor as a constituent of a "bouquet"-as 

. it were-of various aromatic substances, 
so that the offending odor is transformed 
to a pleasant or even a neutral one with
out any need of "covering it up" by sheer 
brute force of an overwhelming stronger 
odor. 

The "odor neutralization" method has 
been very successfully applied in a large 
number of industrial instances, such as 
the rubber, textile, glue, and paint indus
tries, to mention a few. The selection of 
the correct deodorizer or "reodorizer" is a 
highly specialized j ob-there is no such 
thing as a universal deodorant in this 
line, either. The laboratories of Givaudan 
have solved a number of such problems 
which are today making many articles of 
commerce more acceptable to the public. 
Usually the "deodorized" articles are 
rendered almost neutral ,  thus causing lit
tle comment among the public. But the 
initiated know and appreciate the value 
of these deodorants since they have seen 
their sales go up after they were used. 
The problem of neutralization or re
odorization is a particularly acute one 
today for the synthetic rubber industry. 

M ICA REPLACEMENT 

New Synthetic Has Great 

Possibi l ities in  Electronics 

A SERIOUS shortage of our strategic 
mica reserve, now largely imported from 
India by cargo planes, has opened enor
mous possibilities for the use of a new 
synthetic in electrical condenser-devel
opment work for electronic apparatus 
having A rmy and Navy applications. 

The new synthetic plastic, " Polectron," 
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achieves importance in two ways-first, 
as a primary substance materially re
ducing the drain on our domestic and 
imported strategic mica stock pile ; sec
ond, as a dielectric material possessing 
controlled properties having wider appli
cations than mica. 

The composition and production of 
"Polectron" synthetic ' must remain a 
military secret until after the war. It  
wil l  be made available to the electronic 
industry, thus releasing mica to other 
uses for which no substitute has yet 
been found. 

As a part of its expanded research and 
development . program, General Aniline 
and Film Corporation developed Polec
tron synthetic in a remarkably short 
period of time. This required by-passing 
intermediate steps normally taken in 
peace times between laboratory and plant 
production. Omission of these steps may 
bring unforeseen problems and even de
lay in plant operation. However, priori
ties were granted for · the immediate 
production of Polectron synthetic based 
upon the following considerations : It will 
save strategic mica and thus reduce the 
present drain on the imported stock pile. 
The continued availability of sufficient 
block mica, transported to the United 
States by cargo plane, is  uncertain. It  is 
estimated that one ton of "Polectron" 
fabricated into mica replacement mate
rial will replace from 10 to 15 tons of 
imported block mica, according to its use. 
"Polectron" can be used in the production 
of electronic apparatus without material 
changes in equipment or methods of man
ufacture. 

Polectron synthetic is now undergoing 
further experimentation, pointing toward 
the solution of maj or electronic prob
lems important to the war effort. 

WAR ON ACCIDENTS 

Turns Attention to Industrial 

Safety Shields 

AMERICAN workers are becoming more 
and more safety conscious. That' s not new 
news, but it's good news for the pro
duction front. More than 42,000 war 
workers lost their lives the year after 
Pearl Harbor because workers chose to 
risk a particle in the eye rather than 
wear safety goggles, or preferred to 
take a chance on burns and broken fingers 
rather than bother with protective "gad
gets." The score that year must have 
pleased certain gentlemen in Europe and 
Japan, but it was a mighty sore point over 
here. To pull the accident rate out of this 
rut, the National Safety Council early 
in the war launched an all-out drive to 
make workers more aware of the im
portance of being earnest about safety 
devices. Results have been good. In one 
plant, eye-inj uries-which formerly ac
counted for 32 percent of medical treat
ment cases - dropped to half in live 
months. In ·all plants workers have be
come 80 safety conscious they not only 
willingly co-operate in the use of devices 
available, but also spend time dreaming 
up some of their own. 

One of the favorite materials from 
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which workers now cook up safety de
vices is a transparent plastic, scraps of 
which are often left over from the Plexi
glas bomber "noses," gun "blisters," and 
other enclosures made in aviation plants. 
This material has virtually perfect trans
parency and high impact strength, but 
equally  important is the fact that shields 
are made simply by heating Plexiglas 
sheets a little hotter than boiling water, 
cooling over a form, and trimming to 
size with ordinary saws. 

Beech Aircraft workers, to protect 
themselves from flying tacks in making 

Safety shield prevents accidents 

fuselages, have adopted Plexiglas face 
shields ; Consolidated has worked up 
transparent Plexiglas skirts for drill 
presses ; Bell Aircraft's electrical de
partment places transparent Plexiglas 
shields over soldering pots to prevent 
spattering of molten metal ; at Republic, 
tough, transparent saw-shields protect 
workers from metallic particles ; at Mc
Clellan Field, Plexiglas workers have 
devised safety gadgets ranging from 
Plexiglas ear plugs to machine shields. 

LACTIC ACID  

Makes Sour  Mi lk  Sour, Has  Many 

New Industrial Uses 

LACTIC acid is a substance that people 
have known by taste for thousands of 
years, but it is only recently that it has 
been thought of as anything more than 
the compound that makes sour milk sour. 
It can be made very easily and cheaply 
from whey or other sugar-containing 
agricultural by-products, and recent re
search has made , possible new and exten
sive industrial uses for lactic acid. 

Because of the unusual structure of this 
acid, it  may be converted into several 
interesting series of products. The acry
lates, which belong to one of these fami
lies of compounds, have the property of 
forming flexible, tough, transparent sub
stances that can be used as flexible glass 
or for impregnating material in moisture
proof clothing and packaging. One acry
late produced in the laboratories of the 
United States Bureau of Dairy Industry 
is a combination of lactic acid from milk 
and a compound from oats, thus com
bining by�products of two agricultural 
crops. 

When water is removed from lactic 

acid, its molecules j oin in long chains that 
no longer possess the chemical activities 
of the simple acid. This so-called polymer
ized lactic acid is a resin that can be used 
in making lacquers and protective coat
ings for metal containers such as the 
cans used in transporting milk and those 
used in canning evaporated milk, vege
tables, and similar products. Thus it may 
be substituted in some instances for 
metal coatings now on the restricted list. 
It may also be used as a glue in laminat
ing wood and paper. 

Lactic acid esters are particularly effi
cient solvents for many industrial lacquer 
resins. The slight tendency of these esters 
to form free lactic acid has prevented 
their very extensive use as solvents. That 
fault is being overcome in research now 
under way. 

RUBBER SUBSTITUTE 

Consists of Felt Coated 

With Synthetics 

STRIPS or die-cut pads made of a new 
sealing material are being used in place 
of priority-dominated rubber material s  
which were formerly used for the same 
purposes. The substitute consists of felt 
coated with a layer of any one of several 
different synthetic rubbers according to 
the ultimate purposes. The resulting cush
ioning characteristics are similar to those 
of the original felt, yet the coating elimi
nates the absorption characteristics of 
untreated felt. 

PLASTIC PRINTING PLATES 

Save N eeded Metals, Are 

Light in Weight 

A PLASTIC l ithographic prmtmg plate, 
which saves from three to eight times its 
weight in critical aluminum and zinc, is 
being manufactured by The Plastolith 
Company from polyvinyl alcohol res III 
made by Du Pont. 

Colored maps and other military docu
ments for the Army are made from plas
tic plates, and they even are used by the 
Army's mobile field printing units. They 
give approximately the same number of 
impressions as metal plates and carry 
about 25 percent more ink without smudg
ing. 

Polyvinyl alcohol first was coated on 
zinc to improve that metal's printing 
qualities by allowing it to carry addi
tional ink and reducing or eliminating 
its grain. It  developed that the actual 
printing Was from the plastic, and that 
any base would be the equal ' of zinc and 
aluminum, needed in the manufacture of 
shell cases and airplanes. 

The plastic now is not only the print
ing surface but also is incorporated in 
paper used as a base. It gives the 
paper required strength and stability, and 
readies it for a water-proof coating of 
another resin. Two sheets thus p

'
repared 

are laminated to form the base, and the 
printing surface is made with a coating 
of polyvinyl alcohol. 

Creation of the printing image is the 
same as with metal plates. Polyvinyl 
alcohol is sensitized with bichromate of 
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ammonia. It is exposed to light, treated 
with the developing ink, developed in 
water, etched, and placed on the press. 

Plastic plates used in lithographic du
plicating printing weigh about one ounce, 
and a similar metal plate is  four times 
heavier. For larger presses, a plastic 
plate 25Y;; by 36 inches weighs under 10 
ounces and a zinc plate 4Y;; pounds. Thus 
there are large savings of space and ex
pense in shipping and storage. 

Although the Army and government 
take all production now, it is  hoped that 
some plates soon will be available for the 
3000 commercial l ithographers who are 
short of zinc and aluminum. To date these 
plates have not been used in printing 
newspapers. 

VERSATILE GYPSUM 

Finds Applications In New 

Wallboards and Roofs 

NEW GYPSUM products developed to meet 
the immediate demands of wartime con
struction replace more critical materials, 
such as steel and lumber, in both tempor
ary and permanent structures, according 
to Henry W. Collins, vice-president of the 
Celotex Corporation. WPB is advocating 
the use of such gypsum products in place 
of less available materials .  

The products include a new gypsum ex
terior siding covered either with smooth 
or mineral surfaced roofing ; laminated 
gypsum wallboard panels suitable for de
mountable or permanent single-wall inte
rior partitions ; laminated gypsum roof 
deck slabs ; and poured gypsum roof decks 
for use with wood frame construction. 

The exterior wallboards supply both 
structural and weather protection needs 
for many "Theater of Operations" build
ings such as barracks, warehouses, recre
ation centers, and repair shops. The prod
ucts also are applicable to war workers' 
homes, dormitories, and industrial build
ings. They are available in Y;; -inch and 
I -inch thicknesses finished either with 
smooth or mineral surfaced roll roofing. 
The I -inch thickness is a two-ply, lami
nated product with shiplap j oints along 
the long edges. The Y;; -inch thickness has 
square edges. Sizes are 2 feet by 8, 9, or 
1 0  feet. 

Interior wallboard panels are made in 
I -inch, l Y;; -inch and 2-inch thicknesses by 
laminating two, three, or four layers of 
gypsum wallboard. Three types of de
mountable partitions employing these lam
inated gypsum panels have been worked 
out by Celotex. Two are studless, non
load-bearing partitions, one of which 
eliminates battens at the j oints. The third 
is a load-bearing partition, which may 
also be used for low partitions in high
ceiling rooms. Because of their large size 
-4 feet wide by 6 to 12 feet long-the 
panels can be erected easily and rapidly. 

The Celotex gypsum slab is  an im
proved rigid type of roof deck plank. It 
may be used to replace wood plank or 
other types of unit roof desk construction. 
The slabs are made by laminating to

�ether two, three, or four thicknllises of 
wallboard to form an integral nnit. The 

slabs are light in weight, the 17��inch 
thickness weighing 6)-4 pounds per square 
foot, and the 2-inch slab 80 pounds. Tests 
by an independent, nationally-recognized 
laboratory indicate an ample factor of 
safety for usual roof loads, according to 
Celotex. The slabs also are fireproof, rot
proof and will not twist or warp. 

Poured gypsum roof deck is designed 
for use on any type of industrial building, 
warehouse, garage, or hangar. It can be 
used on a flat roof, on a steep roof up to 
45 degrees pitch, and for sawtooth and 
monitor construction. It is  capable of 
carrying a l ive load of 35 pounds per 
square foot. 

In building the roof deck, gypsum wall 
board is nailed over j oists, rafters, or  
purl ins. On this form is  laid wire rein
forcing fabric over which is poured a 
mixture of Celotex gypsum stucco and 
water. The stucco consists of 87Y;; per
cent of calcined gypsum and 12Y;; percent 
of wood fiber or shavings. The weight 
of the factory mix is 55  pounds per cubic 
foot. It i s  usually applied to a thickness 
of 2Y;; or  3 inches, including the gypsum 
wallboard form. 

TANK L IN INGS 

Made of Synthetic Rubber 

Bonded in  Place 

A METHOD of bonding solid sheets of 
Koroseal directly to the welded steel, 
wood, or concrete of tanks, and thus 
extending the application of tank linings 
into fields which rubber cannot handle 
because of physical l imitations, has re
cently been developed. Koroseal is  a 
plasticized polyvinyl chloride which is  
being used in many places where its  
qualities are superior to those of rubber. 
It is  a synthetic elastic material with 
many rubber-like properties. 

Principal advantage of Koroseal in 
tank l ining is its remarkable corrosion 
resistance because of the inertness of its 
compounds to strong corrosives such as 
chromic and nitric acids, which have a 
deteriorating effect on rubber. 

The R. F. Goodrich Company declares 
that the Koroseal linings are the most 
important development now being offered 
in the synthetic field. Research is con
tinuing on other applications of the same 
material. 

In announcing the Koroseal linings the 
company points out that the material 
has certain l imitations both in temperature 
ranges and effects of various chemicals 
on it, and that it is essential that com
pany engineers be furnished complete 
service detail s  before the material can 
be recommended. 

Advantages of the lining are cited as 
fol lows : It can be applied in thicknesses 
up to and including 3/32 inches. It is not 
subj ect to physical damage and pin hole 
leaks suffered by many corrosion-re
sistant paints. It will not, however, with
stand physical abuse and metallic goug
ing. In such service an oversheating of 
acid resistant brick is recommended. It 
is more resistant to abrasion than . cor
r�ion-resistant paint films. It is readily 
repaired if damaged, It has high electrical 
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resistivity and prevents current losses 
in electrolytic action. It can be easily 
tested for leaks with an electric tester. 
It i s  highly resistant to oxidation, water, 
�unlight, and gas diffusion. 

SPECIALTY RUBBER 

Developed During Research on 

Electrical Insulators 

A SPECIALTY rubber which will help 
meet essential war needs has been devel
oped by Bell Telephone Laboratories as 
a by-product of research in insulating 
materials. This new material, known as 

C.  S. Fuller ( right)  and B.S. Biggs, 
chemists of the Bel l  Telephone Lab 
oratories, w h o  develo.ped Paracon 

Paracon, looks and feels like ordinary 
rubber, resembles it fairly closely in 
mechanical properties, and has important 
advantages for certain purposes. It ha" 
a high resistance to damage by oil or 
gasoline. It is  also better than natural 
rubber in resistance to heat, l ight, and 
oxidation although inferior to natural 
rubber in resistance to steam, alkalies, 
and acids. Paracon can be worked with 
ordinary rubber machinery. In its raw 
state it is  highly plastic and unusually 
well adapted to molding into intricate 
shapes and to use in producing rubberized 
fabrics. 

Paracon is particularly useful as a 
material for special applications where, 
as in the aircraft field, its combination 
of unique properties is required. An 
important advantage of Paracon is  that 
it will not compete with other synthetic 
rubbers for its basic raw materials since 
the chemical intermediates required for 
its production are derived by other trains 
of chemical processes. For its synthesis  
it uses two maj or types of intermediate 
material. These can be derived from 
agricultural products and coal products, 
or from coal and petroleum sources, in 
each case by a variety of different chem
ical processes. Although the equipment 
for manufacturing Paracon is highly 
specialized, it differs from that required 
for synthetic rubber production ; conse
quently, Paracon can add to the present 
supply of rubber substitutes without in
terferin� with thll production of those 
already under way. 
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I N D U STR IAL 
T R E N D S 

W H AT'S A H  E A D F O R  R A I  L R O A D S ?  

M ORE than half of the passenger cars on American railroads 
today are over 2S years old ; almost . half of the freight cars 
are over 20 years old ; the number of locomotives in service has 
steadily declined for several years. This i s  the picture of the 
present, and it presages a trend in American railroading that 
will zoom sharply when the necessary shackles of wartime 
restrictions are removed. 

Fortunately, for the railroads, the Interstate Commerce Com
mission has recognized the fact that the roads cannot replace 
equipment when such great demands are being placed on raw 
materials by the needs of war. Thus the Commission has granted 
to the railroads permission to allocate funds for maintenance, 
even though the money is not spent until after the war. This 
i s  only common sense, when the work that the railroads are 
doing in the war effort is taken into consideration. And it is 
applied common sense that will have a far-reaching effect on 
many industries after the war is over. 

Through more efficient use of equipment, quicker turn
arounds, higher speeds, and heavier loadings, the railroads 
have been able to carry their full share of the wartime burden. 
Equipment does wear out, however, and even faster under 
stress. Thus, although constant repairs are keeping as much 
rolling stock in service as possible, post-war times will see a 
great demand on suppliers of railroad equipment. When this 
time comes, many heavy industries will be kept busy for a 
long time furnishing the railroads with new material in the 
form of improved rolling stock that will be lighter, faster, more 
efficient than heretofore. 

U N  D E R G R O  U N O  "B U I L D I  N G S" 

BASED upon sound engineering principles IS the proposal 
to locate a commercial air base in the rock of the Palisades, 
across the Hudson River from N ew York City. Here could be 
excavated huge caverns of relatively constant temperature that 
would contain hangar rooms, garages, restaurants, offices, wait
ing rooms, and so on. The material excavated would be dumped 
into the river to provide the necessary base for landing fields 
and ship docks. 

This scheme has little of the fantastic linked with it. The 
facilities-compressed air drills, drill steel , dynamite, power 
shovels, trucks-are available. The construction of such an air 
base would bring to N ew York a close-in port without using 
land that would be valuable for other purposes. If  started 
now it would provide ideal air-raid. shelter facilities. After 
the war it  would be one more advantage to the air-borne com
merce that is bound to come. 

There are many other locations in the country where s imilar 
proj ects would be advantageous and feasible. Perhaps here is 
a trend in engineering and aviation that someday, through 
someone's foresight, will mark the beginnings of a step for
ward in overcoming some of the difficulties that aircraft are 
heir to in their requirements - for landing and storage space. 

Parenthetically, it should be noted here that there have 
been persistent rumors of similarly constructed airports in 
Europe, concealed for military purposes. 

T H E F E M A L E  I N F L U E N C E  

POST-WAR problems must, of necessity, creep constantly into 
this page. A recent one, and one that cannot be overlooked by 
those who are most concerned with consumer markets in 
after-the-war days, is the increased influence that women are 
going to have in the purchase of many products pertaining to 
the everyday l ives of average citizens. There are millions of 
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women who, drawn from all walks of life including thc 
housewife, are today performing work in industry. These women 
are getting the feel of the mechanical. They are finding some 
of the advantages that accrue from the use of ...automatic 
machines, advantages that, their well-known intuition will tell 
them, can be translated into terms of easier work in the home. 

Thus the woman who has been running an automatic machine 
in an air-conditioned factory is not going to be satisfied, in 
post-war days, to go back to the drudgery of the broom, the 
coal shovel, and the washboard. She is going to demand, and 
rightly, too, the same conveniences in her home that she had 
in the factory. Faced with such a fact, the appliance manu
facturer who ignores the feminine influence in the future, or 
who deprecates its importance in the buying field, is going 
to find that he has missed the significance of an important 
trend in his field. 

R A D  1 0 - E L E C T R O N I C S  

I N SHAPING the trends of the relatively new science of radio
electronics, we can do no better than to quote from a recent 
statement . by David Sarnoff, president of RCA. "When peace 
shall have come," says Mr. Sarnoff, "radio promises to elec
tronize the industries of peace as it has electronized instru
ments and industries of war. . . .  Radio instruments will emerge 
from the war almost human in their capabilities. They will 
possess not only a sense of direction, but a sense of direction 
that will open new avenues of service. The radio direction finder, 
which heretofore had only an ear, now also has an eye. . . .  
American inventive genius contributed much to the creation 
and perfection of the great offensive and defensive weapon 
known in the United States as Radar. The word means radio 
detecting and ranging. . . . 

"Although we must first serve the present-lest there be no 
future-it is our duty," says Mr. Sarnoff, "to look beyond the 
horizon of war to survey our task in helping radio to meet its 
post-war responsibilities." 

Y O U ,  T O O ,  C A N  F LY 

I F THERE is one development of the present war that has caught 
the public imagination it is aviation. And, without doubt, this 
same development is going to become a commonplace in the 
lives of many during peace-times. To this end there is contin
uing research on the development of the small airplane that 
will have present applications in the emergency of the day as 
well as implications for the future. 

It is  not surprising, then, that plane manufactnrers have at 
least part of an eye fixed on the future, and that they are 
planning for the day when the average American will yearn 
for a ship that will carry him through the air with the same 
comfort and convenience and safety that his present motor 
car carries him over the earth-bound road. A recent prospectus 
from a light-plane manufacturer says-and the statements are 
linked definitely with present aviation progress-"The depend
able, easy-to-fly airplane has brought the fun of flying within 
the reach of everyone. You don't have to be a superman to fly 
one of these ships, for they can be flown by anyone in average 
good health who is capable of exercising normal j udgment." 

W I N D O W L E S S  WA L L S  

T HEilE arc several large factory buildings in the United States 
today which have been constructed without windows, depend
ing entirely upon man-made air conditioning and illumination 
for the factors that influence human comfort and working 
abil ity. In one recently constructed plant of this nature, the 
walls, of brick, are designed to "breathe," thus preventing 
condensation of moisture and keeping the walls dry, important 
factors in completely closed buildings. The "breathing" is  made 
possible by construction methods that form a tile flue in the 
walls, thus not only admitting air but also contributing to the 
insulating value of the wall as a whole. 

Since the windowless factory is a relatively new development 
in building design, such work as this will have important 
implications on future construction. 

�A. 'P. 'P,eck 
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U l t r a - V i o l e t - N e a r ,  M i d d l e ,  F a r  
Ma ny I n dustria l a n d  Persona l Uses Are Bein g  Made of 

the Phenomena Su rrou nd ing  these Rad iations 

L A W R E N C E  C.  PO R T E R  
Engineering Department, Ge'neral Electric 

Company, Nala Park 

THE ADVERTISING sections of current 
publications show that there is quite 

a variety of so-called sun lamps vary
ing in cost from about $3.50 to ap
proximately $100 for home use, and up to 
several hundred dollars for physicians' 
and hospital type units. Most of these are 
sources of ultra-violet radiation of one 
kind or another. Some are of value in 
maintaining health, some are particularly 
suited for treating disease, and some are 
of little or no value for either purpose 
though they may be useful in other fields 
for stimulating certain luminescent mate
rials and causing them to glow in the 
dark. 

The selection of the proper lamp for 
any specific purpose without knowledge 
of the physics of radiation is difficult. It 
is complicated because there are ultra
violet lamps that produce reddening of the 
skin-thus giving the appearance of ordi
nary sunburn-and therefore are assumed 
to be of health benefit similar to summer 
sunshine, but which actually may even be 
detrimental to that purpose. The problem 
is further complicated by the fact that 
many artificial sources of ultra-violet emit 
a combination of several forms of ultra
violet radiation. 

If a large boulder is  rolled into a pond 
of still water it will cause a big splash 
and set up several large waves, separated 
by perhaps several feet, that chase each 
other across the pond. These might be 
represented as at A in the central drawing 
on this page. If instead of the large 
boulder we throw into the pond a good
size rock, similar waves are set up but 
they wiIl be smaIler and closer together, 
as represented at B .  Now suppose we drop 
a little pebble into the water. StiIl smaIler 
and less widely separated waves are set 
up, represented at C. AIl three of these 
iIlustrations are water waves, but of dif
ferent wavelength, that is, distance from 
the crest of one wave to the crest of the 
next, as indicated by D.  

of  an inch for near ultra-violet, and 
.0000 1 1 8  of an inch for middle ultra
violet, to .0000101  of an inch for far ul
tra-violet. 

As a matter �f convenience, such very 
short waves are measured not in inches 
but in what are known as Angstrom Units, 
variously abbreviated as "A.U.", "Ao .. , or 
").,". One )., equals .000000004, or 

1 of an inch. The near 
250,000,000 

ultra-violet waves center at 3660)", the 
middle at 2967).. , and the far ultra-violet 
at 2537).. . 

Sources emitting any of the above 
wavelengths also emit both longer and 

A 

8 

c 
Wavelength, ind icated by D, deter
mines the characteristics of radiations 

shorter waves than the central ones. At 
j ust what wavelengths the ultra-violet 
passes from near to middle to far is not 
a definite figure. In general, however, near 
ultra-v�olet is usually considered to cover 
the range from 4000)" to 3200)., ; middle 
ultra-violet from 3200)" to 2800)., ; and 
the far ultra-violet from 2800)" to 2000).,. 
There are ultra-violet waves shorter than 
2000)" but they are rapidly absorbed by 
air and can, therefore, for most purposes, 
be disregarded. 

The sun emits ultra-violet over the en
tire range but the layer of ozone above 
the earth absorbs practically everything 
shorter than 2900)." and ordinary window 
glass transmits very little if any radiation 
shorter than 3200).,. 

QUA R T Z  PR I SM 

rA R ULI RAV I O L E T  _ � __ '," 
M I D D L E  U LT RAVIOLET-'<� "';'---'P-�00< 1 
N EA R  U LTRAV I O L E T -

V I S I B L E  L I G H T  -

I N F RA R E D  OR H EAT-

As a matter of general interest the 
ultra-violet waves form a very small por
tion of the entire electro-magnetic spec
tnUll. This entire spectrum contains waves 
of infinitely short lengths to waves that 
are a mile or more in length. The relative 
position of the ultra-violet waves in the 
spectrum is shown by the following tabu
lation : 

Cosmic waves-extremely short 
Gamma waves 
X-ray waves 
Ultra-violet waves 
Visible l ight waves 
Infra-red waves 
Radio waves-very long 

Without going into the physics of 'the 
generation of ultra-violet radiation by ar
tificial sources, it is sufficient to say that 
the passage of electricity between two 
pieces of carbon, as in the carbon arc 
lamp, or through mercury vapor in a 
quartz tube, as in the modern sunlamp, 
generates ultra-violet radiation over the 
entire range of wavelengths from the near 
to the far ultra-violet. For the purpose 
of study-measurements of the relative 
amounts of energy of different wave
lengths and experimental work on the 
effects of various wavelengths-they can 
be separated by passing them through a 
quartz prism. The effect of a quartz prism 
on ultra-violet is similar to that of a 
glass prism on visible light. We all know 
that a glass prism placed in a beam of 
sunlight will break up the beam into the 
different colors of the spectrum. The vari
ous colors are produced simply by a dif
ference in wavelengths. S imilarly, what 
differentiates near, middle and far ultra
violet is wavelength. A quartz prism 
separates the various ultra-violet waves as 
a glass prism separates the various waves 
of visible light. 

I T WILL be noticed that a quartz prism 
is used for ultra-violet and a glass one 

for visible light. Ordinary glass will trans
mit very little of the middle ultra-violet 
and none of the far. There are, however, 
certain special glasses, in composition and 
hardness between ordinary window glass 
and quartz, that do transmit ultra
violet of the shorter wavelengths. By se
lecting the proper type of glass we can 
select the radiation wavelengths or kind 
of ultra-violet we wish to use and screen 
off that which we do not desire. The mod
ern sunlamp designed for health purposes 
has a bulb of one of these special glasses 
surrounding the small quartz-tube mer
cury arc which generates the ultra-violet. 
The composition of the glass is such that 
it transmits readily the middle ultra
violet, or so-called "health rays," and 

GLASS � R 1 S M  

�NEAR U LT RAVIOLET 
-V IOLET ;, /i;'���==-BLUE \', - G R E E N  '::::.Y ELLOW 
",-ORAN G E  
� R E D  

I N FRARED OR H E AT 

This is a very simple analogy to ultra
violet radiation, which also consists of 
waves, but instead of traveIling across 
the surface of water they travel through 
air. They, too, are of different wave
length. The longer ultra-violet waves are 
known as near ultra-violet, the medium 
ones as middle ultra-violet, and the 
shorter ones as far ultra-violet. ActuaIly 
their wavelengths,  instead of being meas
ured in feet or inches, as with water 
waves, are a very smaIl fraction of an 
inch, varying from approximately .0000147 

Just as a g loss prism, r igh t, spl its up visible l ig h t, so wi l l  a Quartz prism separa te 
ultra -v iolet into the waveleng ths that distinguish its d ifferent components, at left 
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screens out the far ultra-violet which is of 
no known health value ( other than the 
treatment of disease and the killing of 
germs ) and is inj urious to the eyes. 

Of the principal uses of near, middle, 
and far ultra-violet, probably the most 
commonly known use. is the effect of near 
ultra-violet on the photographic film and 
plate. It  is the near ultra-violet in day-

Middle u ltra -v iolet, suppl ied by 
cei l i n g - h u n g  lamps, stimu lates co
lesterol i n  the skin to create vita 
man D to produce strong bones and  
to prevent or cure  cases of r ickets 

light that is used in taking pictures. For
tunately, the near ultra-violet is readily 
transmitted hy the glass of our windows, 
camera lenses, and so on. 

Another application of near ultra-violet 
which has been used for display purposes 
and the production of theatrical effects 
for years-and is now being used to some 
extent for signs, markers, guide lines, and 
so on, during blackouts-is the stimulation 
or charging of certain chemicals so that 
they start and continue to glow in the 
dark. That phenomenon is known as phos
phorescence. There are other substances 
that glow only while they are being ac
tivated by near ultra-violet. That is known 
as fluorescence. When the visible light 
is filtered out of sources of near ultra
violet by means of certain black near-ul
tra-violet transmitting glasses, a resulting 
radiation is obtained which is popularly 
termed "black light." 

Of the many photo-chemical and photo
graphic effects of the near ultra-violet, 
two are of current interest. The near 
ultra-violet, as available from fluorescent 
sources, is uniquely suitable for catalyzing 
the chlorination of certain gases used in 

the preparation of synthetic rubbers. In a 
somewhat similar way the near ultra
violet is being used to clear up remaining 
traces of hydrogen from electrolytically 
produced chlorine, the hydrochloric acid 
formed being readily removable. 

The middle ultra-violet is that range of 
wavelengths which is absorbed by a sub
stance near the surface of our skin known 
as colesterol. This substance, under the 
stimulation of middle ultra-violet, creates 
vitamin D which the blood distributes 
throughout our bodies. The vitamin D as
sists the utilization of calcium and phos
phorus to produce strong bones and teeth 
and prevent or cure rickets. This middle 
ultra-violet, if used in sufficient quantity 
( either a light dosage and a long exposure 
or a strong dosage and a short exposure ) ,  
produces reddening of the skin-that is, 

Germicidal lamps, producing u ltra 
violet, are being used i n  surgical and 
dental  i nstru ment ster i l iz ing cabinets 

sunburn-technically known as erythema, 
and if carried far enough results in blister
ing and peeling. 

There is no known value in far ultra
violet for the maintenance of general 
health. In fact, there may be some re
duction of the benefits of middle ultra
violet when far uitra-violet accompanies 
it. Unfortunately, perhaps, far ultra-violet 
will also redden the skin, or even cause 
peeling, though it seldom causes a blister. 
This reddening often misleads those using 
a lamp generating far ultra-violet to be
lieve that they are receiving health benefit, 
and it assists in selling certain cold quartz 
type lamps for health purposes that prob
ably are of little if any good for such pur
poses. 

However, there are certain powerful 

.0-
Irradiafi.on of the upper portion of a room with ultra-violet may be u sed to k i l l  germs 
in  the lower portion of the room through forced or  natural  circulation of the air 

quartz arc l amps in · common use in doc
tors' offices which, in addition to the far 
ultra-violet, emit so much middle ultra
violet that they are of very definite health 
benefit. 

The chief function of cold quartz lamps 
and of the germicidal lamps and Steri 
lamps is the destruction of bacteria. Such 
lamps are useful for treating various skin 
infections, but should be so used only 
under a doctor's direction. They are most 
useful for irradiating the upper air in lo
cations where people are close together 
for several hours at a ., time. Under such 
conditions many types of germs are 
breathed into the air and float about much 

. as does an odor or smoke. Far ultra-violet 
radiation will kill most such air-borne 
germs and thus lessen the danger of the 
spread of such contagion as measles, 
chicken pox, mumps, scarlet fever, diph
theria, meningitis, small pox, septic sore 
throat, whooping cough, and so on. 

There are already thousands of germi
cidal lamps in use in hospital s, and their 
use is being extended to surgical and 
dental instrument cabinets, schools,  offices, 
barracks, factories, ships, and even to 
the home. It must be remembered, how
ever, that the short-wave ultra-violet can 
cause very sore eyes--conj unctivitis-and 
peeling of the skin. The practice in using 

Growth of fungus  i n  bottled goods 
is  retarded by use of u ltra -violet rays 

such lamps, therefore, is to confine all 
radiation to areas above the eye level. 
Fixtures for such lamps are especially 
designed to accomplish that end. 

Considerable research work is under 
way to determine the effectiveness of far 
ul tra-violet or short-wave ultra-violet 
radiation in controlling the spread of 
respiratory diseases among poultry and 
cattle. 

There are many industrial uses of the 
far ultra-violet which take advantage of 
its germicidal and fungicidal effects. It has 
recently become a standard way of dis
infecting the air in blood bank and serum 
processing laboratories. It provides an 
economical way for the essential reduction 
of the thermophilic bacteria in sugar used 
for canning. It is used for its fungicidal 
effects on pre-mixed baker's flour and in 
bottling plants. 

The selection of an ultra-violet lamp 
depends largely on the' purpose for which 
it is intended. If  black-light effects are 
the prime requisite, a lamp having the 
maj or portion of its output in the near 
ultra-violet range should be selected. Well 
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suited to that purpose are the 100-watt 
mercury-arc lamps, H-4 type. They re
quire a transformer for operation and a 
black ultra-violet transmitting glass filter. 

If a sunlamp is desired for human 
health purposes, or for use in chicken 
houses or dairies, the type S-l ,  S-4, RS-4, 
and RS lamps are most suitable. With the 
exception of the RS lamp these also re
quire a transformer and a suitable fixture. 
The types S-l ,  S-4, and RS-4 lamps all 
have about equal ultra-violet output. For 

SPECIAL G LASS CC I e a r) 

MAIN ELECTRODE 

TAR T I NG RES ISTOR 

STARTING ELECTRODE: 

Type S-4 ultra -v iolet lamp 

the average person a 10  minute daily ex
posure at a distance of approximately 2 70  
feet from the lamp is sufficient, though 
the exposure may be increased or the dis
tance shortened, or both, as one becomes 
accustomed to the ultra-violet, j ust as one 
may gradually increase exposure to mid
summer sunlight. 

The RS-4 sunlamp is essentially the 
same as the S-4 except that no external 

Type RS sunlamp is provided 
with an  internal a luminum reflector 

reflector is necessary, the bulb itself being 
coated with reflecting material on the in
side. These lamps are both 100-watt units. 

The S-l sunlamp has the same ultra
violet output as the S-4 group, but about 
four times as much infra-red, or heat, as 
it consumes 400 watts instead of 100. 

The RS sunlamp is the latest of the sun
lamp group. This lamp consumes 275 
watts and i s  also in a reflector type bulb. 
Its ultra-violet output is somewhat less 
than that of the S-l or S-4 lamps, but this 
can be compensated for either by longer 
exposures or by shorter exposure distance, 
or both. This lamp has the outstanding 
advantage of operating directly on 1 1  0-125 
volt A . C .  l ighting circuits without the use 
of a transformer. The lamp hulb contains 
a ballast resistance and automatic switch. 
taking the place of the transformer re
quired by the other lamps. Due to war 
conditions the RS lamps are not 

'
now in 

production. 
Thus continuing research has developed 

a number or convenient ultra-violet sources 
and is finding new uses for them in both 
routine work-a-day applications in indus
try and in the fields of personal health. 
Much of the work being done with ultra
violet must remain untold for the dura
tion, yet sufficient is already known to 
serve as a baSIS for constructive thinking 
toward post-war commercial develop
ments. 

• 
Editor's Note : Readers who have in

dustrial problems which might be solved 
through the application of ultra-violet 
radiation are invited to address specific 
questions to the Editor for forwarding 
to the author of the foregoing article. 

• • 
ELECTRONICS MYSTERY 

Solved, May Lead to 

Improved Vacuum Tubes 

• 

T HE DIS COVERY that gas dissolves in cer
tain metals j ust as salt dissolves in water 
may lead to the production of longer-last
ing electronic tubes which will require less 
power to operate, Dr. Harvey C. Rent
schler, noted physicist, recently told a 
meeting of the American Physical Society. 
Dr. Rentschler, who is Director of Re
search for the Lamp Division of the West
inghouse Electric and Manufacturing 
Company, reported the results of his ex
periments to unravel one of the ullSolved 
mysteries of electronics ; Namely, how 
tiny particles of matter called electrons 
are emitted from metals to set up a flow 
of current inside such tubes as those for 
radio and X-ray. 

Experiments during the last eight years 
have led to the conclusion that atoms of 
gas--oxygen, hydrogen, or nitrogen-ac
tually dissolve in the crystalline structure 
of some metals j ust as salt dissolves in 
water. These gas particles then "loosen" 
the electrons in this structure, causing 
them to be emitted from the metal more 
readily when heat or light i s  applied. 

"This explanation," Dr. Rentschler de
clared, "should result in longer-lasting 
tubes and accomplish important savings 
in the size and number of electric batter
ies, generators, and other apparatus need
ed to supply the filament power. Such im
proved tubes would be the result of bet
ter 'cathode' construction," he continued. 
Cathodes are the metal filaments inside 
tubes which fire a stream of electrons at 
speeds greater than a million miles an 
hour. The emission of electrons from 
metal cathodes is  the basic principle of all 
electronic . phenomena. As these tiny 
particles of negative electricity pass from 
the cathode to a metal plate, called the 
anode, they set up a flow of electric cur
rent which is  put to work to accomplish 
countless tasks. 

Dr. Rentschler first discovered, in 1 935, 
that a small amount of oxygen reacting 
with such metals as thorium, uranium, 
and barium speeded electron emission, but 
found that a similar effect was not ob
tained with such commoner metals as iron, 
nickel, copper, zirconium, titanium, and 
others. "Using a pure form of zircon
ium, titanium, and hafnium," he ex
plained, "we now have found that these 
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metals, too, are likewise affected b y  oxy� 
gen as well as nitrogen and hydrogen. 

"When these metals in a pure state and 
mounted on a core of tungsten are heat
ed in a vacuum, they will melt into a 
soft globule. When the pure metal i s  
heated in oxygen, hydrogen, or nitrogen 
at a low temperature and then at a still 
higher temperature in a vacuum, i t  be
comes brittle and hard. 

"After an appreciable amount of gas is 
'dissolved' in the metal and all excess gas 
removed, the metal can be heated to tem
peratures as high as 2700 degrees, Fahren
heit. The fact that there is no pressure 
increase in the vacuum tube shows that 
no further gas is liberated. The gas ap
parently dissolves uniformly to form what 
we call a 'solid solution' in the metal. 
From such metal can be made excellent 
cathodes." 

Although scientists have known that 
oxide-coated cathodes emit electrons more 
readily than cathodes of plain metal, they 
have been unable heretofore to use oxides 
for high voltage tubes, Dr. Rentschler 
pointed out. This is because the high 
voltage sets up such a strong electric field 
that the oxide-coating is torn from the 
surface of the metal. Such a coating con
sists of a paste baked onto the metal. 

By dissolving gas into the metal, how
ever, it may be possible in the future to 
produce an oxide-coated cathode for high 
voltage tubes, he continued. The oxide in 
this case becomes an integral part of the 
basic cathode metal and cannot be torn off 
by the strong "pull" of the electric field. 

MOLECULAR ATTRACTION 

The Essential D ifference Between 

Fibers, Plastics, and Elastomers 

T H E  DIFFERENCE between a springy rub
ber-like substance and a hard plastic or 
a tough fiber, either synthetic or natural, 
lies in the tendency for the molecules of 
these substances either to contract or to 
form crystals ,  Dr. H. Mark, professor 
of organic chemistry at the Brooklyn 
Polytechnic Institute, recently reported 
to the Society of Sigma Xi. 

The more crystallization in its struc
ture the more the substance becomes a 
typical fiber, such as nylon, silk, cotton, 
or rayon. If the mutual attraction be
tween the chain-like molecules of a given 
material is low, then it will show mainly 
the properties of an elastomer such as 
rubber, Buna S, Neoprene, Hycar, Butyl 
rubber, and so on. This is also true if the 
molecules do not fit well into a regular 
three-dimensional lattice structure. 

In between these extremes, the sub
stance will show the properties of a 
plastic, such as hard rubber, methacrylate 
( Lucite ) , vinylite, polystyrene, or ethyl 
cellulose. 

Present experimental knowledge shows 
that all of these substances have about 
the same fundamental structure, but it is 
their ability to crystallize that gives them 
different properties. 

All types of what the chemist calls 
"high polymers," whether they be rub
bers, plastics, or fibers, have the same 
high order of polymerization, that is, their 
molecules are composed of about 2000 
or more atoms. 
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An th r o p o c e n t r i sm ' s  D e m i s e  

New Discoveries Lead to the Proba b i l ity that There 

Are Thousa nds of Inhabited P lanets in  our  Ga laxy 

H E N R Y  N O R R  I S  R U S S E L L, Ph. D. 
Head of the Department of Astronomy and Director of the Observa
tory ot Princeton University. Research Associate of the Mount Wilson Observatory of the Carnegie Institution of Woshington 

WE TOLD last month of the dis
covery that three stars among 

our nearest neighbors are attended by 
invisible companions, which are much 
less massive than any bodies that had 
previously been detected outside the 
solar system. The smallest mass so far 
known, in the case of a star which can 
be seen by its own light, is about one 
sixth that of the Sun ; the new discov�r
ies have masses from one fifth to one 
twentieth of this. 

This raises a question of great gen
eral interest. Are these bodies stars, or 
planets revolving about the visible stars 
which they accompany ? More precisely, 
which of the two names do they properly 
deserve ? 

This is a matter of definition, and we 
must by guided, as in all such cases, by 
past usage, so far as this is relevant. In 
our own system, this usage may be ex
pressed in the working definition : A planet 
is a compact, opaque body in orbital 
motion about the Sun, and shining by 
reflected light. 

The words "compact" and "opaque" 
are introduced to distinguish between 
planets and comets, which are diffuse 
and practically transparent swarms of 
matter, while planets have definite boun
daries-which gravitation compels to be 
nearly spherical, with some flattening by 
rotation. 

So long as these conditions are met, a 
body may be called a planet no matter 
whether it is solid, liquid, or gaseous. 
Question might theoretically be raised 
about a mass of pure, "permanent" gas, 
free from all constituents which might 
condense to form clouds ; but all gases 
scatter light, and hence obstruct its pas
sage, and it is easy to show that a purely 
gaseous mass, held together by its own 
gravitation, and as much as 5000 miles in 
diameter, would be effectively opaque ex
cept at the very edge. The word opaque 
might, therefore, have been omitted from 
our definition. 

One limitation remains-that of shining 
by reflected l ight: This demands that the 
surface of the body shall not be hot 
enough to shine on its own account ; but 
this can be interpreted in two ways : first, 
that the body could not be seen by its own 
radiation by the human eye, if it stood 
alone in perfect darkness, and second, that 
any feeble light which it might emit on 
its own account would be overwhelm-

ingly surpassed by the sunlight which it 
reflects. 

The writer owes to Dr. Babcock, of 
Mt. Wilson, the interesting observation 
that the temperature at which a cooling 
body ceases to be visible to an observer 
who has rested his eyes thoroughly in 
complete darkness is a little above 400 
degrees, Centigrade, or about 700 degrees 
on the absolute scale. The permanently 
sunlit side of Mercury is almost as hot 
as this ; but, considering the intense il
lumination of the planet by the Sun, 
it would be ridiculous to speak of it 
as self-luminous. 

It may be recalled that it was once 
(mistakenly)  believed that Jupiter and 
Saturn might be hot up to their surfaces, 
so that they might be feebly self-luminous 
if seen alone, but no one obj ected to 
calling them planets on this account. 

AT ONE point past usage gives us little 
help. How big would a dark body 

have to be to lose the right to be called 
a planet ? All that can be said is that, 
before it was known that the companion 
of Algol was perceptibly luminous, the 
star's variation was sometimes described 
as "due to eclipses by an enormous 
planet," with very little protest-though 
this could hardly be called established 
usage. 

N ow let us turn from words to things 
-and see what may reasonably be con
cluded about the properties of the newly 
discovered bodies from the available 
information-taking as an example the 
faint companion C in the system of 61 
Cygni for which the data are best. 

The only thing we know about this 
body is that its mass is 0.016 times the 
Sun's ; but we may reasonably assume 
that, like the two visible stars in the 
system, it is of normal composition, con
sisting mainly of hydrogen and helium, 
with a few percent of heavier atoms. The 
two main questions which we want to 
answer, if we can, are : "How big is this 
body ?" and "How hot is its surface ?" 

The first question is hard. We can, how
ever, set a definite lower limit, by assum
ing that the body has contracted to the 
smallest size which the laws of nature 
permit. Here we find a curious situation. 
In a large mass, comparable with the 
Sun's, this limiting condition is one in 
which the matter is "degenerate" and has. 
an enormous density-as actually occurs 

in white dwarf stars, such as the com
panion of Sirius. In thi� state the relation 
of internal pressure and density are such 
that stars of large mass, when they settle 
down, are not merely denser, but actually 
smaller in diameter, than those of smaller 
mass. Bodies of the Earth's mass or less 
settle down into the familiar, non-degener
ative, state in which the large masses have 
a slightly greater mean density, on account 
of the greater internal pressure, but are 
of larger radius than smaller masses of 
the same composition. Bodies of inter
mediate mass reach, at their limit, a 
partially degenerate state ; and ( for a 
given composition) there is a certain mass 
which has a maximum radius, larger than 
for either greater or smaller masses. 
The difficult theory of this  has been 
worked out approximately by the Indian 
physicist, Kothari, for bodies composed 
of but one kind of atom. His results for 
helium may be adopted as the best guide. 
For the maximum size, in a completely 
"cold" state, the mass comes out twice 
that of Juipter, and the diameter 55,000 
miles-somewhat smaller than Saturn. 
Our body has eight times this mass. Its 
limiting diameter comes out 45,000 miles, 
with a mean density of 1 50 times that of 
water. This is high, but only about 1 
percent of that of a typical white dwarf. 

THE diameter of the bright star about 
which C revolves may be rather closely 

estimated as 0.6 of the Sun's, or 520,000 
miles. C is, therefore, certainly as large, 
in comparison to its primary, as Saturn 
in comparison to the Sun. 

It is possible that C is in this limiting 
state ( for several normal stars have de
generate companions ) ; but it is probably 
more likely that C is not degenerate. It 
would be well clear of degeneracy if its 
density were equal to the Sun's-in which 
case its diameter would be 216,000 miles, 
or 40 percent that of its primary-pretty 
big for a planet, but passable. 

There is no assignable reason, however, 
why C should not be ten times as large 
as this. If it were more than ten times 
the Sun's diameter, the attraction of the 
primary would raise  such huge tides on 
it, when they were closest, as to make 
its stability uncertain ; but there is a 
great range of possible sizes within which 
we have no present basis for making any 
decision. 

The other main question, of surface 
temperature, is capable of a more defi
nite answer ; but before we take this up 
we must consider the internal temperature 
and constitution of the body. 

In the limiting case of smallest diameter, 
the answer is explicit ; the body would 
be completely cold, inside and out. How
ever, for a diameter only a little larger, 
both the internal and the surface tempera
tures should be fairly high (compare the 
companion of Sirius ) .  A good idea of 
what to expect can be derived from the 
case of density equal to the Sun's. If we 
assume that the internal constitution and 
composition resemble the Sun's, the cen
tral temperature comes out 1/16 of th" 
Sun's, or 1 ,600,000 degrees ; and any 
plausible assumptions make it several 
hundred thousand degrees. 

At such temperatures, the internal con-
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.stitution of the body would resemble that 
of a star. The atoms would be heavily 
ionized, the resulting gas highly com
pressible, and the general theory of stellar 
constitution, now well established, would 
be applicable. 

In particular, the situation is within 
the range of Morse's tables which make 
it possible to calculate the rate at which 
heat would escape from the interior to 
the surface. Applying these ( assuming 
composition similar to the Sun's ) ,  it is 
found that the whole radiation of heat 
would be only 1/140,000,000 as great as 
the Sun's .  The surface temperature re
quired to maintain this is 1 05 degrees 
above the absolute zero, or -1 68 degrees, 
Centigrade. 

IN SUCH a body, though it had an in
tensely incandescent core, heat would 

leak outward so slowly that the surface 
would be _ exceedingly cold, and covered, 
like that of Jupiter, with thick layers of 
clouds formed by the condensation of 
substances such as ammonia which, at the 
temperatures familiar in every-day life, 
are gaseous. Below these clouds would 
be others-for example, of condensed 
water in regions of somewhat higher 
temperature. Only at a depth of thouSall(!S 
of miles woul d the gases be hot enough 
to be free from condensed vapors. 

These outer cloud-layers would be so 
opaque that the heat which flowed toward 
them through the clear gases below would 
be carried onward, not by radiation from 
atom to atom, but by convection-bodily 
transport by ascending currents of hotter 
gas, matched elsewhere by descending 
currents of gas which had cooled. When 
condensation is taking place, liberating 
latent heat, this is a powerful mode of 
heat-transport. 

The cloudy layers, however, must form 
but a small fraction of the mass of the whole 
body, and the main flow of heat would 
come from the gaseous interior. There 
might be important convection currents in 
this if ( as is very probable )  electrons and 
highly charged atoms, dissociated at great 
depths, combined in higher regions of 
lower temperature. The net transport of 
heat by such currents might exceed that 
carried by radiation even in the clear 
gas ; but, if it were a hundred times 
greater, it would suffice only to maintain 
the outer surface at about 320 degrees, 
absolute, or 50 degrees, Centigrade. 

It  appears, therefore, to be an entirely 
safe conclusion that this small body, if of 
the density of the Sun, cannot be self
luminous to even the feeblest degree. A 
body of greater diameter would be cooler, 
inside and outside, a smaller one hotter. 
Therefore it is  entirely safe to conclude 
that 61 Cygni C is a dark body in the 
strictest sense of the words. 

We have still to inquire whether the 
body would reflect enough light to be a 
respectable planet. As it is almost cer
tainly cloud-covered, its reflecting power 
should be comparable to that of Jupiter. 
At the mean distance of 2.4 astronomical 
units from the bright star, a body of 74 
the Sun's radius, if attendant upon the ' 
brighter component of the pair, would 
reflect as much light as Saturn does 
from the Sun ; if near the fainter com-

ponent, about half as much. This is cer-
. tainly enough to make it a very respecta
ble planet. Even with the minimum pos
sible size it would still be a conspicuous 
obj ect if viewed from planetary distances 
such as occur in the solar system. 

Seen from the Sun's distance, the 
companion would appear fainter than the 
24th magnitude-that is, less than a tenth 
as bright as the faintest star observable 
with the 100-inch telescope. There is, 
therefore, no hope of observing it directly 
-even if it were not drowned out hope
lessly by its primary star which is  mil
lions of times brighter. 

Summarizing our results, we may con
clude that the newly discovered obj ect is 
a dark body, but shines by reflected light 
more strongly than most planets in our 
own system. \Ve would have no hesitation 
in calling it a planet, if it were not for 
the chance that it may be larger in dia
meter than the bright star around which 
it revolves. 

N OTEWORT II Y as this discovery is  from 
the technical standpoint of astronomy, 

it is much more so from the general one 
of philosophy. Recent observations, es
pecially of double stars, have detected 
many more "invisible" companions-most 
of them larger in mass, compared with 
their primaries, and doubtless faint stars, 
which would be directly visible but for 
the glare of these neighbors. Such faint 
companions are evidently very numerous 
among the stars as a whole ; and, the more 
our means of observation are refined, the 
smaller are the masses which we can 
detect. Very small attendants produce 
so small an oscil lation of their primaries 
that it can be detected only when the 
latter are among the nearest stars. All 
three of those which we have been con
sidering are within five parsecs ( or 16  
light-years ) from the 'Sun. vVithin this 
distance there are probably less than 200 
stars, only a decided minority of which 
have yet been adequately observed to 
detect companions, if they exist, 

It  is, therefore, clear that the number 
of stars which are attended by dark 
companions must be a respectable per
centage of the whole. Among the hU1l
dreds of millions of known stars, there 
are probably millions of such bodies. 
vVhether there are still smaller ones, com
parable in mass to Jupiter, or even to 
the Earth, we can not find by direct ob
servation, even on the nearest stars ; but 
there is no s ign that the number of com
panions falls off as they get smaller, 
down to the observable limit. 

On the basis of this new evidence, it, 
therefore, appears probable that, among 
the stars at large, there may be a very 
large number which are attended by 
bodies as small as the planets of our own 
system. This is a radical change-indeed, 
practically a reversal-of the view which 
was generally held a decade or two ago. 
The older opinion, that planetary systems 
are excessively rare, was a deduction 
from the then accepted theory of the 
origin of the solar system by a close 
encounter, if not a collision, between the 
Sun and another star. Such encounters 
must be extremely rare. More recent 
theoretical work-especially that of Spit-
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zer-has created grave doubt regarding 
the validity of this theory, and we are 
completely in the dark regarding the 
origin of the planets. But now, in place 
of a deduction from a doubtful theory, 
we have a moderate generalization of 
newly discovered facts .  Small companions 
exist, in abundance, down to, if not be
yond, the limit at which any one would 
call them. planets, and there is  no known 
reason why smaller planets should not 
exist in comparable numbers. 

S
UCH bodies would doubtless be similar 

in chemical composition to the planets 
of our system, as the stars are to the Sun. 
Under the operation of general physical 
laws the larger ones, down to about ten 
times the Earth's mass, would contain 
great quantities of hydrogen and its 
compounds, like our maj or planets. Those 
comparable to the Earth in mass could 
not retain these light gases, and would 
be spheres of rock surrounded by atmos
pheres and with more or less water on 
their surfaces. Smaller bodies would be 
atmosphereless, l ike the Moon. 

Among the planets of intermediate size, 
some would be at such a distance from 
their primaries that they were maintained 
at temperatures at which water was 
liquid, at least during some seasons of 
the year. All such bodies would be essen
tially habitable-capable of supporting 
life of the same general nature as exists 
on earth. The number of planets which 
satisfy these conditions, though no large 
fraction of the whole, may, in the aggre
gate, be very large. 

If, as appears to be probable, vegetation 
exists on Mars, l ife has developed on two 
out of the three planets in our system 
where it has any chance to do so. vVith 
this as a guide, it appears now to be 
probable that the whole number of in
habited worlds within the Galaxy is con
siderable. To think of thousands, or even 
more, now appears far more reasonable 
than to suppose that our planet alone 
is the abode of life and reason. 

What the forms of life might be on 
these

' 
many worlds is a question before 

which the most speculative mind may 
quail .  Imagination, in the absence of more 
knowledge of the nature of life than we 
now possess, is unequal . to the task. 
There is no reason, however, against sup
posing that, under favorable conditions, 
organisms may have evolved which equal 
or surpass man in reason and knowledge 
of Nature-and, let us hope in harmony 
among themselves ! 

It may fairly be claimed, then, that 
this latest discovery completes the work 
which Copernicus began four centuries 
ago. Though the belief that our world 
was the material center of the Universe 
has long been dead, the supposition that 
it was ( at least probably ) unique in being 
the abode of creatures who could study 
the Universe has lingered long. Now this 
last stronghold of the old way of thinking 
has fallen, and there is  no longer a basis 
for supposing that either this world or 
its inhabitants are unique, or in any way 
the "first, last and best of things." The 
realization of this should be good for us. 
-Manito1/, Springs, Colorado, April 22, 
1943. 

1 9  



--------------------------------H EA L T H--------------------------------

C an C o l d s  B e  P r ev ent e d ? 

There is no Effective Method for the Prevention 

of the Common Cold-Not Vaccines, Not Vita m i ns 

R O B E R T H .  F E L D T, M . D .  

YOU might as well take so many hypo
dermic inj ections of water as to take 

cold vaccine shots. Neither will do any 
good in the prevention of colds. Nor will 
vitamin capsules help. These conclusions 
are based on a critical review of medical 
literature. A member of the Council on 
Pharmacy and Chemistry of the Ameri
can Medical Association recently stated 
that "at present there are no effective 
methods available for the prevention of the 
common cold." 

When cold vaccines were first devel
oped, glowing reports appeared. In one 
large factory, cold shots were given to 
every employee through an entire winter. 
The workers almost universally stated 
that they had fewer colds than they had ' 
noticed the year before. Other doctors 
reported similar results with their patients. 

Dr. Alphonse R. Dochez, Professor of 
Medicine at Columbia University, was not 
satisfied with this kind of evidence. He 
thought it was unfair to judge a vaccine 
by comparing the frequency of colds dur
ing the season when the vaccine was being 
administered with the experience of the 
preceding year. He recognized the well
known principle that the controlled experi
ment is the only accurate way to evaluate 
a new therapeutic method. A group of 
persons taking treatment should be com
pared with a similar series of control sub
j ects who receive no therapy. 

Dochez and his assistants gave cold 
vaccine inj ections weekly to 20 infants. 
Twenty other babies of similar age and 
sex were observed during the same period 
of time. All . 40 children lived under the 
same roof and their care was identical. 
Those who received the vaccine had j ust 
as many colds as the ones who didn't. 

Colds were once thought to be due to 
infection of the respiratory passages with 
various kinds of germs. Therefore, vac
cines were developed containing millions 
of dead germs of these kinds. An im
munity- against germs of the type found 
in the vaccine was supposed to develop 
as a result of the inj ections. Recent in
vestigation has established that germs of 
the sort used in vaccines are not the cause 
of colds and it is no wonder that the 
vaccines have been ineffective. 

Drs. Harold S.  Diehl, A. B.  Baker, and 
Donald W. Cowan, of the University of 
Minnesota, are famous for their research 
with colds. They have tried numerous 
forms of treatment, but they agree with 
other doctors that the most important step 
in controllina: colds lies in t� direction 

of prevention. After years of experimen
tation, they report that they have been 
unable to find an ideal preventive method. 

The subj ects for their studies have been 
volunteers from the student body whose 
history showed that they were unusually 
susceptible to colds. Only students in 
robust health were selected. The doctors 
did not wish the results to be influenced 
by the inclusion of persons who suffered 
from sinusitis, asthma, or other chronic 
diseases df the reBpiratory organs. 

One half of the students who entered 
the "Cold Prevention Group" were given 
weekly or biweekly hypodermic inj ections 
of the vaccine. The other half received 
inj ections of water and unknowingly acted 
as control subj ects. The students who 
were given the water placebo were under 
the impression that they were getting cold 
vaccine. Altogether more than 700 people 
participated in the study. 

THE subj ects who took the cold shots 
had an average of 1 . 7  colds during the 

school year. Those in the control group 
whose only medicine had been an inj ec
tion of sterile water had an average of 
1 .8 colds. For practical purposes, such a 
difference can be ignored. The number 
of school days lost due to colds was 
exactly the same in the two groups. 
Complications such as pneumonia and 
sinusitis were j ust as frequent among the 
vaccinated as they were among the un
vaccinated. 

When the students registered for the 
cold prevention program in the fall, they 
reported the number of colds they had 
experienced the previous winter. On the 
average, their history showed more than 
five colds a year. While taking the in
j ections of vaccine or water, they had less 
than two colds a year-a reduction of 
more than 60 percent. 

These figures emphasize the fallacy of 
trying to j udge the value of therapy unless 
the experiment is controlled. It would be 
as logical to conclude that inj ections of 
water prevented colds as it would be to 
infer that the beneficial effect was ' due 
to the vaccine. Each group showed the 
same degree of improvement. It is obvious, 
therefore, that the vaccine was not re
sponsible for the remarkable reduction in 
the number of colds. 

Several factors probably account for 
the decreased frequency of colds. Careful 
examinations and accurate reports were 
secured during the year of 0bservation, 
and the number of colds IiIxperienced is 
a matter of record. The history cards 
for the previous year were filled out from 
memory and there may have been some 
subeonscious exaggeration. Perhaps the 

students remembered to take better care of 
themselves because of their visits to the 
clinic for a shot in the arm. This fre
quent reminder that they were trying to 
prevent colds may have prompted them 
to avoid people with colds, secure plenty 
of rest, and dress warmly. 

The Minnesota doctors were sometimes 
mildly embarrassed by inquiries from 
practitioners throughout the state. A 
physician wrote : "] ohn Olson, who is 
teaching in our high school, was at the 
University of Minnesota last year. He had 
such excellent results with the cold vac
cine you gave him that he would like t<> 
have me give it to him this year. Will 
you please tell me where it can be 
secured ?" As likely as riot the material 
that gave such "excellent results" was 
water. At the last convention of the 
American Medical Association, Dr. Diehl 
said, "The results reported by many 
persons who received placebos would 
serve as splendid testimonials for any
thing" recommended for cold preventinn. 

Another group of students were asked 
to take cold vaccine by mouth to see if 
it was any more effective than the inj ec
tions. Over 350 persons took "cold cap
sules" containing enormous numbers of 
dead bacteria. A control series of stu
dents were given placebo capsules filled 
with sugar. The capsules were identical 
in appearance, and all subj ects thought 
they were receiving the cold prevention 
vaccine. Again there was a remarkable 
reduction in the frequency of colds as 
compared with the previous year. The 
number of colds experienced and the time 
lost from school was the same whether 
cold capsules or sugar capsules were 
taken. 

Other doctors have confirmed the work 
done in New York and Minneapolis. 
After carefully studying the subj ect for 
years, Dr. Chester S.  Keefer, Professor 
of Medicine at Boston University and a 
member of the Council on Pharmacy and 
Chemistry of the American Medical As
sociation, has concluded that cold vac
cines are of no value, his report being 
read at the Congress of Industrial Health. 
A few doctors still believe that specially 
prepared vaccines may be helpful for 
certain conditions, such as recurrent 
sinusitis. 

\ /  ITAMIN capsules are o f  n o  more use 
Y than vaccines for cold prevention. Again 
Dr. Keefer and others have recognized 
the findings of many researchers in reach
ing this conclusion. 

Dr. Ann Gayler Kuttner has charge 
of a large group of children in a New 
York Convalescent Home. In such an 
institution, epidemics of colds have always 
been a menace and Dr. Kuttner hoped 
she could find a way to prevent them. 
Although the food was well-balanced and 
nourishing, she thought added vitamins 
might be helpful. Every day, one half of 
the children were given a special capsule 
containing large doses of vitamins A, B, 
e, and D. The other half of the children 
were fed and cared for in the same man
ner, except that they did not get the 
capsule. Their only source of vitamins 
was the food they ate. Surely the chil-
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dren who took the Cl!.psules would have 
fewer colds, if added vitamins were of 
value. During two entire winters, there 
were j ust as many colds among children 
who took the capsules as there were 
among the others. 

Cowan, Diehl, and Baker, despairing of 
the use of cold vaccines, began to experi
ment with vitamin capsules a couple of 
years ago. Their conclusions were pub
lished in The Journal of the American 
Medical Association. The same careful 
method of control they perfected when 
studying vaccines was followed. The vita
min capsules containing large amounts 
of vitamins A, B, C, and D were exactly 
like the placebo capsules in · appearance. 
The latter held only a few drops of min
erai oil-a substance which could have no 
conceivable effect in such small quantities. 

More than 200 students were given two 
of the vitamin capsules daily and a simi
lar group took the placebos. All of them 
believed they were getting the "cold pre
vention capsules." There was a 50 percent 
reduction in colds compared with the 
previous year whether the students took 
vitamins or mineral oil. The average 
number of colds per student was the same 
in each group. Vitamin capsules did not 
shorten the number of school days lost, 
decrease the severity of colds, or lessen 
the incidence of complications. The aver
age duration of colds was 8.2 days among 
those who took the vitamins as compared 

CLIMACTERIC 

Do Men Also Have 

Such a Period? 

• 

T H I S  is a serious question. In an article 
in The Journal of the American Medical 
Association, Dr. V. Korenchevsky of Lon
don, cites a number of medical and bio
logical scientists who suspect that some 
men do pass through such a period, with 
symptoms similar to those of castration 
and appearing at the average age of 48 
to 52 years. These symptoms are classifi ed 
as follows : 

Nervous and psychic, to which belong 
intense subj ective nervousness, headaches, 
giddiness, scotomas, emotional instability 
with an inclination to tears, irritabil ity, 
sudden changes of mood, decreased inter
est in the usual activities ( even pleasures ) ,  
a desire to be left alone, decrease or loss 
of memory and ability for mental concen
tration, mental fatigability, loss of or 
disturbed sleep, day sleeping. A typical 
"climacteric" neurasthenia or involutional 
psychosis, chiefly in the· form of melan
cholia, with a tendency to suicide which 
might develop. 

Cardiovascular changes : Hot flushes, 
fits of perspiration, chilly sensations ( for 
example, cold feet) , tachycardia, palpi
tations, numbness, tingling. 

General and other changes, including 
increase of body fat ; physical fatiga
bility ; rougher and darker skin with 
wrinkles or folds appearing on the ex
posed parts ; constipation ; decreased sex 
potency and libido. 

It usually Is ill-advised to pUblish in 

with 8.1 days among the students In the 
control group. 

There are certain conditions in which 
the use of vitamins is  necessary, even 
life-saving ; but there is no excuse for 
indiscriminate vitamin medication be
cause of "lowered resistance to colds." 
The work of Drs. Kuttner, Diehl, Baker, 
and Cowan proves that added vitamins 
do not prevent colds, if the diet is rea
sonably adequate. 

Dr. Diehl has said that the kind of food 
"these students get is probably not as good 
as that of the average person who buys 
vitamin pills." And yet the students were 
not prevented from getting colds by adding 
vitamins to their diet. How, then, can the 
average person, whose diet is better, hope 
to prevent colds by taking vitamins ? 

There is no cause for despair in the 
reports that neither vaccines nor vita
mins will keep colds away. The recogni
tion of these failures will stimulate re
search men to study other preventive 
measures. If the millions spent for vita
mins and vaccines could be used to finance 
continued scientific investigation, a suc
cessful method of prevention might be 
discovered in the very near future. 

Meanwhile, sensible living remains the 
best weapon for preventing colds. Con
tact with persons who have colds should 
be avoided, adequate rest must be se
cured, and a well-balanced, nutritious diet 
should be eaten. 

• • 

a non-medical magazine a list of symp
toms ; the layman too easily inclines to 
assimilate his own symptoms to them and 
diagnose his own ills without realizing 
that a given symptom, taken alone, may 
also pertain to a wide variety of condi
tions other than those described. This is 
why the advice to ask a physician is the 
safest always, even though the possibility 
described above is of interest to men who 
seem during a period to go to pieces. 
When a given organism has reproduced 
itself Nature appears to lose interest in it. 

HEART WATCHING 

I mportant to  Workers in  

War Industries 

T IRED hearts which furnish strength to 
hands manipulating explosives are a 
source of potential danger to workers in 
the munitions industry. Recently physi
cians at one of the country's largest ex
plosives manufacturing companies called 
upon electrical science to help them ferret 
out cases of heart fatigue among workers 
in certain departments before the tired
ness became so great as to cause fainting. 

The instrument they are using is called 
a "sound frequency analyzer," developed 
by Western Electric Company. A great 
deal more sensitive than the stethoscope, 
it picks up, analyzes, and records the 
heart sounds that disclose fatigue condi
tions that induce faintin�. 

The plant doctors use the instrument 
regularly to chart the heart sounds of 
workers unavoidably subjected to chemi

cal fumes causing heart fatigue. From 
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these CHarts they are able to tell the 
degree of heart fatigue suffered by each 
person. Workers whose charts show 
heart fatigue are immediately transferred 
to other departments, to avoid danger 
to themselves and tG other workmen in 
the plant handling explosives. 

WEEKS 

Sedentary Workers Feel Vitamin 

Deprivation within  Month 

IF VITAMIN B were suddenly withdrawn 
from the diet, how soon would the effect 
become apparent ? Would it be a matter 
of years, months, days, hours ? 

Light is thrown on this question by 'an 
article in American Journal of Physiology. 
Seven healthy physicians were themselves 
used as the subj ects, and were put on a 
diet made grossly deficient in the vitamin
B complex. Measurable symptoms of the 
deficiency became manifest within three 
to four weeks, and consisted of easy 
fatigue, loss of ambition, and loss of ef
ficiency in daily work. The symptoms 
were mild and vague. 

Having acquired a vitamin-B defi
ciency, after several weeks, does it re
quire the same length of time to recover 
from it ? Generalizations are dangerous 
but, by and large, the neurological and 
mental recovery is l ikely to be rapid ; 
recovery from tissue changes, if any, 
probably much slower. A general idea 
of the former is imparted by language 
used in Nutrition Reviews with regard 
to deficiencies in thiamin (vitamin B,)  
in animals used experimentally : "There 
is a vast amount of evidence," that j our
nal states, "that the administration of 
thiamin to an animal acutely deficient in 
thiamin causes a dramatic and prompt 
remission of the neurologic signs within 
a period of minutes, and complete recov
ery within a few hours." 

CRYM OTHERAPY 

Outstanding Medical Journal 

Urges its Adoption 

ICE ANESTHESIA. for shockless surgery 
of the extremities is brought about by 
immersing the limb in a pail of ice and 
water for one or two hours before opera
tion, and was described in Scientific 
American (April, 1942) by Barclay 
Moon Newman. This method was devel
oped by Frederick M. Allen, M.D. ,  of 
New York. Its simplicity and effective
ness were pointed out in our article 
for the lay reader, and the hope that this 
method would be used by the military 
in the field was expressed. 

Apparently this form of anesthesia has 
not been adopted as widely as some medi
cal authorities have hoped, for we find 
in an editorial in The J o llynai of the 
A merican Medical Association urgings 
which are at once urgings and a strongly 
implied commendation of the method. 
The Journal states, under the caption 
"Refrigeration ( Crymo ) Anesthesia," 
that "Future generations may find it 
difficult to understand why it is taking 
us so many years to appreciate the sig
nificarice of reduced temperature. The 
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usefulness of maintaining life processes 
at a reduced rate by lowering the tem
perature is  still not generally understood. . 

"Recent reports indicate that in com
bat areas military surgeons are largely 
occupied with the care of inj uries of the 
extremities. The older methods of an
esthesia for these cases are not com
pletely satisfactory. 

"Life processes, in common with 
chemical reactions,  have a speed which 
is profoundly influenced by temperature. 
Oxygen consumption of the tissues can 
be reduced about 13  percent for each de
gree, Centigrade. 

"Refrigeration offers advantages for 
nearly all cases of severe wounds of the 
extremities. The large-scale program of 
medical education for war which is now 
in progress should include instruction in 
temperature physiology and advanced 
courses in the principles and practice 
of refrigeration anesthesia." 

SYPHILIS  

What of the  Too-famous 

"One-Day" Cure'! 

A YEAR or so ago Illuch publicity was 
accorded to a "one-day" cure for 
syphilis, and physicians raised their eye
brows. How The Journal of the Ameri
can Jlr1 edical Association regards such 
cures may be inferrf"d from the follow
ing statement recently published in its 
columns : 

"There is no royal road to the cure of 
syphilis." 

HYPNOTISM 

Is it a Fraud' 

If not, Where Does it Stand'! 

MANY persons apparently regard hyp
notism categorically as a fraud. Perhaps 
this is because most stage hypnotism
the variety most likely to be witnessed 
by laymen-is often conducted under 
auspices that do not inspire confidence. 
Even then, however, most of it is genu
ine-probably because it is easier to per
form the genuine than to fake an imita
tion. 

But hypnotism is also employed in 
psychiatric hospitals and elsewhere in 
the medical world. It is not new and it 
is not widely used, in a comparative 
sense, but it remains in good standing 
in many competent medical circles. Just 
how The lournal of the American M edi
cal Association recently answered an in
sular reader, a doctor of medicine, who 
inquired about the present status of 
hypnotism as a therapeutic procedure, 
and its use by laymen, may be gleaned 
from the answer which was published 
in that j ournal : 

"Hypnotism suffered the fate of other 
methods of therapy which have become 
associated with charlatanism and which 
have been hailed with undue enthusiasm. 
It fell into disrepute with physicians be
cause, unlike psychoanalysis, it deals 
largely with symptoms ra ther than 
causes. It  is essentially for this reason 
that this valuable therapeutic technique 
may be dangerous in the hands of the 
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public, for symptoms may be created or 
intensified without a proper knowledge 
of the underlying pathologic condition. 
All physicians are aware of the power of 
suggestion, and in the state of hypnosis 
conscious resistance is reduced to a mini
mum. The patient i s  put in a condition 
of heightened suggestibility and he ac
cepts suggestions without criticism. 

"One of the greatest obstacles in psy
chotherapy is to get the patient to accept 
therapeutic suggestions consciously. Un
der hypnosis it i s  possible to implant 
therapeutic ideas on the 'subconscious' 
and to have them take effect when endless 
numbers of suggestiol1s given in the wak
ing state would be ignored or even active
ly resisted. Also under hypnosis former 
dissociated experiences and amnesic ma
terial can be rendered available for re
association and reorganization. Of course, 
like any form of 'psychotherapy, the re
sults of hypnosis are individually lim
ited, and they vary in degree and va
riety with every subj ect, depending Oil 
the innate endowment of the patient. 

"Hypnosis has a definite place in psy
chotherapy. I t is not a mysterious art, 
but a scientific  technique." 

PLASTICS I N  MEDIC INE 

Many New Uses are 

Being Developed 

BRAIN plates, cups to reline arthritic 
hips, nylon monofilament sutures that are 
stronger and less irritating than silk, 
instruments that "pipe cold l ight around 
curves,"-thesc are some of the hun
dreds of instruments of surgery and 
medicine now made from plastics. 

vVartime research and experience of 
physicians and surgeons has greatly in
tensified the evaluation and adoption of 
medical applications for plastics, forecast
ing their increasing use in this field, 
according to the Plastics Department of 
E. I .  du PORt de Nemours & Company. 
Many instruments are not now generally 
available because of war demands and 
priorities - on plastic materials.  

Properties such as toleration by human 
tissues, exceptional lightness in weight, 
transparency to X-rays, and virtual un
breakability adapt the plastics for use in 
delicate brain operations as well as ordi
nary medicine-chest tongue depressors. 

A noted New York surgeon has per
formed more than 300 skull operations 
in which a cranial defect was repaired 
with a plate of " Pyralin" cellulose nitrate 
plastic. Easily formed to the desired 
curvature in hot water and sutured in 
place, the plastic is perfectly tolerated 
by the tissues, is not absorbed, and be
comes firmly implanted in the skull. A 
similar operation is made in treating 
certain types of epilepsy. 

Pain in arthritic hips has been relieved 
and there has been at least a SO percent 
increase in the leg motion-the criteria 
by which the success of a hip operation 
is j udged-when cups of an acrylic plastic 
like "Lucite" methyl -methacrylate resin 
have been used. . 

The material not only is non-reacting 
to tissue but is transparent to X-rays, 
which allows the surgeon to see bone 

structure within the cup. This plastic 
has also been used for j aw and knuckle 
j oints, as a substitute for metal plates in 
bone grafting, and in plastic surgery. 

Millions of feet of nylon monofilament, 
formerly used in tennis racquet strings 
and fishing leaders, will this year replacc 
gut and Japanese silk in sutures for the 
Army, Navy, civilians, and lend-lease 
shipments . Nylon does not dry out and 
rot like the natural fiber. 

These plastic sutures are superior to 
silk. They have greater tensile strength 
and smaller diameter strands can be used. 
They are non-absorbing and inert in the 
body, whereas germs can travel in silk 
and skin can grow into the twisted 
threads of a silk suture. 

The ability of "Lucite" rods to trans
mit "cold light" around curves, plus 
strength and light weight, make them par
ticularly adaptable to the familiar com
bination flashlight-tongue depressor and 
a host of other instruments needed to 
examine the cavities and recesses of the 
body. 

Concentrated, shadowless illumination is 
given by this plastic in surgical re
tractors used for lighting up incisions 
and spreading them apart, as well as in 
cystoscopes, sigmoidoscopes, proctoseopes, 
otoscopes, pharyngoscopes, brain and ton
sil probes, and speculums. 

Shields to protect doctors treating in
fectious diseases, windows in plaster 
casts, stethoscope parts, transfusion tubes, 
incubator covers, and drainage tubes are 
among the numerous other medical ap
plications for "Lucite," the same plastic 
from which crystal-clear noses, gun tur
rets, and other transparent sections of 
military aircraft are made. 

Containers for pills and capsules, vac
cination shields, nose guards, artificial 
fingers, splints, nylon catheters, windows 
for oxygen tents, respirators and thera
peutic boots, dentures-the list of plastic 
applications in the field of medicine con
tinues to grow. 

RAPID GRAYING 

Does Hair Ever Turn 

Gray Over-Night' 

T HE BELIEF than hair can turn gray 
over-night is a popular superstitution, 
according to some, who argue logically 
from the premise that hair is practically 
a dead tissue. But is this premise itself 
correct ? 

On the other extreme are thousands 
of persons who claim to know of cases 
in which hai r actually did turn gray in 
a few hours. Not all these cases will, 
however, bear strict investigation. 

In The lournal of the American Medi
cal Association the rapid graying question 
was recently discussed in much more de
tail than can be done here. Though 
attested cases are rare, The lournal ac
cepts some of them, and does not cate
gorically deny all of them. It states, in 
sum : "The fact that in rare instances 
hair can quickly become gray must be 
acknowledged. The old idea that hair is 
practically a dead tissue, cut off from the 
metabolic influences of the body, must be 
forsaken." 
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'WERS ' C all ing  
Radio Amateu rs a n d  Other Volunteer Workers a re 

Setting U p  a Commu n ications System for Wa r or Peace 

M A J O R  G E N E R A L U L Y S S E S  S .  G R A N T , I I I  
Protection Branch, U.  S. Office of Civilian Defense 

A LONG the coasts of our country and r-'\ inland where enemy planes may 
strike, wherever there is threat of dis 
aster from war or  the heightened war
time threat of civil disasters-maj or acci
dent, explosion, conflagration, floods, 
hurricanes-alert communities are setting 
up a new, specifically war-planned com
munications auxiliary, the War Emer
gency Radio Service. Director of the 
Office of Civilian Defense, James M.  
Landis, says, "OCD strongly recom
mends that every community faced with 
the possibility of disasters of 
this character take steps im
mediately to give itself this 
added protection." 

The War Emergency Radio 
Service, WERS, is a system 
of two-way radio communi
cation, licensed by the Fed
eral Communications Com
nl1SSlOn, for use of Civil
ian Defense and other de
fense forces in local areas. 
I t is a characteristically Amer
ican development and depends 
on the existence, first, of radio 
amateurs and other radio 
technicians familiar with high
frequency transmission, and, 
second, of a stock of radio 
equipment and parts unequalled 
elsewhere in the world. 

Wartime necessity led to the 
banning of amateurs from the 
air shortly after Pearl Har
bor. At that time there were 
about 55,000 licensed ama
teurs in the United States. 
Over 16,000 of these are now 
in Uncle Sam's service and 
many thousands more are 
working in essential war j obs 
and can give only a limited 
amount of leisure to WERS 
work. That puts a particular obligation on 
those left with full leisure to come for
ward and to help in setting up the many 
needed WERS systems. The fact is  that 
few ex-amateurs require urging. On the 
contrary, they are more than glad to 
return to radio activities, and through 
radio to contribute their part to the war. 

It must be kept in mind, however, that 
there are strict limitations on the work 
they are doing under WERS. For one 
thing, it is  limhed to the use of ultra
high frequencies, mainly in the 2� -meter 
band-1 12 to 1 1 6  megacycles. Then there 
is the matter of operation. WERS sets are 
specifically for war obj ectives. In Civilian 

Defense ( there are also WERS stations 
for State Guards and Civil Air Patrol ) 
the stations may be operated only dur
ing air raids or other emergencies, or 
during short practice periods once or 
twice a week. The result is that amateurs 
must go into it with the clear picture in 
mind that WERS is a limited, licensed 
system under FCC regulation, that they 
go into it to do a volunteer patriotic j ob, 
and that that j ob involves putting long 
hours into station-building, training and 
other unexciting tasks, and little into ac-

A WERS volunteer installs a transmitter 

tual operation. Yet the operation, when 
it comes, can count for life and death. 

WERS is j ust at the beginning of 
what is expected to be one of the great 
new developments in the field of defense 
and warfare. At the time of writing there 
have been 222 applications for station 
licenses ; 156  have been granted, and 
about 4500 WERS operators' permits 
have been issued. There are over 3700 
actual , operating units, but everywhere 
in the country the construction of more is 
on the way and it is expected that ulti
mately there will be about 1 00,000 trans
mitters, 200,000 receivers, and about 300,-
000 operators to man all this equipment. 
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This expected large body o f  personnel 
will have its recognized place in Civilian 
Defense. WERS operators will serve in 
the Communications Unit of the local 
Defense Corps. This Unit will have the 
lightning-flash insignia, with a differ
entiating word for each of the Unit's 
three subdivisions : WERS, telephony, 
and messenger service. To qualify for 
Communications Unit membership and 
insignia, WERS volunteers will be asked 
( 1 )  to get an FCC operator's license, 
(2 )  to follow a prescribed course of 
study and ( 3 )  to put in approximately 
20 hours of in-service training. Many of 
the personnel who help establish WERS 
systems will also become operators, but 
even if all of them became operators, 
they would fill only a small proportion 
of the need. The larger number of opera
tors will have to be general volunteers 
trained especially for the work. For
tunately, this training can be given in an 
easy six-hour course and does not require 
previous radio experience. 

The part of the j ob where amateurs 
and other technically experienced per
sonnel will make the greatest contribution 
is  in setting the system up and putting it 
in motion. 

What is a WERS system ? 
How does it help in the de
fense work of a community 
or group of communities ? 
What gives it the dramatic 
pull and the appeal to the 
imagination-as well as the 
good, practical utility - that 
make it a fast-growing war
time national asset ? 

The War Emergency Radio 
Service is a local defense
area system of two-way radio 
communication that gives an 
extraordinary flexibility and 
dependability to essential com
munications in time of enemy 
attack or war disaster. The 
FCC has assigned WERS a 
number of frequencies, but 
the main ones, as stated be
fore, are from 1 12 to 1 1 6  
megacycles. Within this range 
OCD recommends that opera
tion be planned for three 
bands of several channels 
each. At need there would be 
available 16 distinct channels 
so that there is no practical 
limit to the system's flexibility. 

The three bands serve three 
purposes : 

1. One band connects the 
local Civilian Defense control center 
with the district control center and so 
reinforces the community's outside com
munications. 

2. A second band connects the local con
trol center with local fixed points such as 
wardens' posts, fire houses, hospitals, 
public utilities, and industrial plants. 

3. A third band connects mobile forces 
like fire trucks and emergency medical 
teams with the control center. This band 
can also connect with walkiectalki�; 
portable sets carried by Civi1ia� Defense 
volunteers. 

WERS transmitters use a maximum 
of 25 watts input power, which gives an 
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forces. When flood menaces an indus
trial plant, when fire or hurricane spread 
damage, and break communications over 
a wide area, Vv'ERS and Civilian Defense 
units will give the same kind of help to 
fixed points in the community as de
scribed above. 

Under the plan recommended by the 
Office of Civilian Defense, blanket 
licenses are obtained from the Federal 
Communications Commission for all the 
Civilian Defense radio stations within one 
area of operations. Thus one WERS sys
stem covers a district warning area, and 
the equipment and operators of the en
tire district are available to any stricken 
community. This prevents "freezing," for 
under law, operators in one separately 
licensed community cannot work in any 
other unless they bring equipment with 
them. 

The radio in this Auxi l iary Police car has been converted into a shortwave W E RS set, 
permitting maintenance of constant two - way contact with the control center 

L
ICENSES are issued only to municipal 

or local governments, such as cities, 
towns, townships, or counties. They are 
not issued to police departments, fire de
partments, or Defense Councils as such. 
But while l icenses are issued to local 
governments, the vVERS system, when 
set up for Civilian Defense, must be 
planned under authorization of the local 
Defense Council and with its guidance. 
In many cases the initiative comes from 
the Defense Council, but if not, local 
radio amateurs and professionals do and 
should take the initiative themselves. 
They know the community's possibilities 
and needs in terms of radio better than 
anybody else, and are the ones, in any 
case, to whom the community must turn. 

effective communicating range of ap
proximately 10 miles, and a maximum 
practical transmission range of about 25 
miles. Operation of sets with this limited 
range cannot help the enemy. Directional 
bearing cannot be taken on the stations 
and it would be useless on such a range 
to attempt interception of messages. 

T
HERE are three main advantages to 
WERS : 
1 .  Wide coverage.-WERS can reach 

many points simultaneously, once its 
channels are put on the alert. One dis
trict .warning center can reach all local 
control centers. The local control center 
can simultaneously notify all wardens' 
posts of air-raid signals, for example. 
The need for telephone chain caIling is 
eliminated. 

The system also has value in the case 
of calls to only one point. All sets are 
listening in, and operators can break in 
to give advice or information, or can 
guide their own forces better through 
knowing the current situation. 

2. Invulnerability.-It is  virtually im- · 
possible to put the new system out of ac
tion. At most a few sets may be de
stroyed, which can easily be replaced. 
All other means of communication de
pend on cables, wires, and exchanges 
vulnerable to bomb hits and partial or 
total destruction. A bomb hit anywhere 
between the two points of communication 
will usually put all lines out of commis
sion. Radio needs no wire or cable. 

3. Contact with moving units.-The 
new system can reach defense forces in 
motion. WERS gives all mobile forces 
a continuous central command and al
lows them to be shifted from one incident 
to another without returning to the base. 
Walkie-talkies extend this two-way con
tact. By means of walkie-talkies, an inci
dent officer or a fire chief or chief of any 
emergency unit can direct his squads 
easily and quickly from a vantage point 
at the scene of disaster. 

The new emergency radio system is of 
direct use to many strategic centers and 
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installations in the community, such as 
hospitals, industrial plants, railroad yards, 
docks, bridges, and public utilities . .  Its 
importance to these points appears in the 
two following representative cases : 

1 .  Industrial plants.-Calls to an indus
trial plant give air-raid warning, advise 
the plant's Defense Coordinator of latest 
developments during a raid, confirm calls 
for emergency units and indicate the help 
coming, and advise · in the operation of 
the plant's own emergency forces. Calls 
from an industrial plant summon emer
gency medical teams, rescue units, fire 
and police forces, demolition squads, and 
at need, decontamination units. Large 
industrial plants can use walkie-talkies to 
reach plant protection volunteers in out
lying sections of the plant or in separate 
buildings or defense posts. 

2. Hospitals.-It is crucial to know 
during a raid exactly what beds are avail
able and what operating rooms 
are free in the casualty 
receiving hospitals of a com
munity, and to direct casu
alties rapidly to available 
facilities. If telephones go 
out, the control center can 
stil l  keep a complete picture 
of the hospital situation by 
WERS. By use of the new 
system, ambulances can be 
loaded and dispatched effec
tively because the control cen
ter is in communication both 
with hospitals and with the 
incident officers and incident 
medical officers. Mobile medi
cal teams can be directed 
from point to point without 
returning to their .bases. If 
the hospital facilities of an 
area . become overtaxed, the 
radio channel to the district 
headquarters can arrange for 
reinforcing hospital facilities. 

When the Defense Council authorizes 
the setting up of a system, steps may be 
taken for obtaining a license. The proper 
application iorms can be obtained from 
the Federal Communications Commission 
in Washington, D. C. Federal Communi
cations Commission, Rules and Regula
tions, (T itle 47-Telecommunications
Chapter I ) ,  Part 1 5, gives all the neces
sary information on how to file for a 

Not only in air raids but 
also in cases of civil disaster 
will WERS greatly benefit 
the community's emergency 

C iv i l ian
·
· Defense radio operators standing - by 

at West Control Center equipment, Akron, Ohio 
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WERS License. This can also be ob
tained from the Federal Communications 
Commission. A Fact Sheet describing 
WERS advantages and operation may be 
requested from the Editorial Section, Of
fice ' . of Civilian Defense, Washington, 
D. C. 

The first WERS system in the country 
was established in Akron, Ohio. Imme
diately after Pearl Harbor, Akron's 
Buckeye Short-Wave Radio Club held 
meetings and discussed future emergency 
operations. These discussions, of course, 
were well in advance of WERS authori
zation by the FCC, and so this alert · 
group planned in terms of what the FCC 
might be expected to do. It  was the con
sensus that the FCC would not permit 
a higher wavelength than Z0 meters, so 
plans were made on that basis. The Ex
ecutive Council of the County Civilian 
Defense Corps was brought in on the 
plans and appointed the Club president, 
John A. Bailey, county ' representative of 
amateur radio operators. In December, 
1941 ,  Bailey presented a report to the 
communications section of the Council 
that provided for a two-way system us
ing 16 transmitters of both the portable 
and fixed types. 

Getting Council approval, he went 
ahead by applying to the FCC for per
mission to set the 'system up and-assum
ing granting of the permission-starting 
Akron amateurs on the work of construc
tion. 

W· H ILE THEY worked, the FCC and the 
Defense Communications Board ( now 

called the Board of War Communica
tions ) authorized WERS and allocated 
it radio channels. As Akron had expected, 
the main band chosen was Z0 meters 
( l IZ- 1 1 6  mc. ) .  Soon Akron received a 
WERS station l icense along with op
erator permits. The station call was 
WODF, and the first test of equipment 
was held when the Commander of the 
County Civilian Defense Corps called a 
test blackout. 

An . interesting fact about the Akron 
system, which is  increasingly typical of 
WERS systems, is that ' it is designed to 
tie in with WERS set-ups in nearby 
comrrlUnities, such as Barberton, Cuya
hoga Falls, Medina, and Hudson. 

S ince thaf first set-up, important sys
t.ems . . have been developed in key sections 
throughout the country, particularly-as 
might be expected-along the costal areas 
and in large industrial communities. 
Along the Atlantic coast, Massachusetts 
and New Jersey lead in number of li
censes granted, having 19 each ( these 
two states, in fact, lead the country ) .  
Pennsylvania has lZ, with seven pending. 
N ew York has lZ, Rhode Island, ten, 
Connecticut eight. Maryland has six 
counties licensed with most of the re
maining counties on the verge of getting 
licenses, and with a state WERS network 
about to go into operation. New York 
City and Philadelphia have leading 
WERS systems, New York leading the 
country and Philadelphia being licensed 
for 1 1 1  transmitters. In WERS systems, 
receivers equal or exceed the number of 
transmitters. 

On the West Coast, California has 

nine Iicense!t with its main systems in 
Oakland, San Francisco, and Los An
geles. Washington has four, with systems 
in Tacoma, Everett, Olympia, and 
Spokane. Oregon has two. 

Texas has three. Michigan has four : 
Detroit, Lansing, Grand Rapids, and 
Center Line. 

The story of those . actually l icensed, 
however, is· not by any means an ac
curate picture of WERS development, 
because all oyer the country other sys-

Walkie-Talkie equipment is on in
tegra l  port  of WERS radio equipment 

tems are in process of construction, 
with equipment being assembled and in
stalled and operators trained. 

Equipment is one of the main problems, 
yet there is no question but that our 
country is in an ideal position to solve 
any equipment shortage. Automobile 
radios are adaptable to Z 0 -meter con
version. Everywhere in the country are 
thousands of old radios, j unked parts, 
and radio material scrap which in the 
hands of ingenious WERS construc
tionists can be reassembled into usable 
sets. VIERS

' 
volunteers themselves often 

donate this material. In addition, some 
communities put on radio scrap drives 
for the specific purpose of equipping 
WERS-attics and the back rooms of 
radio repair shops are ransacked for old 
sets and salvagable materials.  In . many 
cases, factory discards and other material 
that seems defective or unusable is re
deemed through the ingenuity of WERS 
workers. 

The problem of obtainipg personnel for 
setting up WERS systems is a very real 
one, and is taking on increasing impor
tance. Great as the contribution of ama
teurs has been, many communities do 
not have enough amateurs to do the j ob. 
IIi such communities, radio repairmen 
al1d broadcast station engineers and op
er,ators 'have stepped in, and in thejr 
leisure hours have given extremely im:' 
portant help, help that should be men
tioned along with that of the amateuts. 
Broadcast station personnel, for example, 
have been able to borrow precision test 

J U LY 1 943 SC I ENTI F IC AMERICAN 

equipment from their stations with which 
they check WERS equipment to see that 
it fulfills FCC requirements. If the equip
ment needs adj ustment, they make the 
adj ustment required. They also are in a 
position to give invaluable constructional 
help and advice. In many instances, 
broadcast engineers and operators have 
been appointed Radio Aides and have 
organized and directed WERS work. 

Radio service men have been making 
an equally important contribution. They 
have been particularly generous in do
nating usable or salva gable materials for 
WERS-in many cases they have built 
full units for WERS in their own shops, 
and have opened their shops to other 
volunteer construction workers, giving 
them an ideal place in which to work. 
When the sets have been built, the radio 
service men have volunteered on a wide 
scale for the equally necessary work of 
installation and maintenance. 

Mention should be made, finally, of 
the help given by High Schools, Techni
cal and Vocational Schools, and col
leges which in many parts of the coun
try are offering their shops as work 
places for WERS. 

WERS is on its way. Although it is 
still only at the stage of initiation, it is  
developing rapidly a body of enthusiastic 
workers and a fund of invaluable ex
perience derived from the ingenuity, re
sourcefulness, and devotion of the ama
teur and professional radio personnel 
of the country. The impetus to setting up 
WERS comes both from the Civilian 
Defense organization and from these 
patriotic and informed radio people who 
see in WERS the great communications 
auxiliary it is, a channel of warning and 
cO-.ordination within the community and 
of emergency appeal outside in time of 
disaster. No bomb can destroy more than 
a small fraction of WERS equipment, 
and any key point can be rapidly re
equipped. The system is always there, 
it goes on effectively serving under all 
conditions. As WERS develops, America 
will be better prepared for all emer
gencies, whether of war origin or the 
recurring and now intensified castastro
phes of civilian life. When full prepara
tions are made, damage to life and prop
erty is minimized, and even, to a de
gree, the threat of enemy attack is less
ened, for the enemy is not tempted to 
a ttack well defended areas. 

• 
ELECTRIC  "BRAIN" 

• • 

"Remembers" What Happens in  

a Rectifying Circuit 

A PAPER and aluminum "brain" that 
memorizes surges of electric current and 
records them for the benefit of re��arch 
engineers is making possible better elec
tronic tools for war production. Little 
bigger than a loaf of bread, the "mem
ory machine" was built by \Villiam E. 
Pakala, a research engineer at the West
inghouse Electric and Manufacturing 
Company. It was designed to help scien
tists study the Ignitron, an electronic de
vice that converts alternating current 
into the direct current required by alu-
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minum and magnesium plants. Teamed 
with an oscillograph, which j ots down 
on photographic film a record of the elec
tricity passing through a switch, motor, 
or electronic tube, the "brain" tells engi
neers exactly what happens inside the 
Ignitron. 

The Ignitron converts alternating elec
tric current to direct current that flows 

Adjusting a battery of "brains" 

in one direction only-j ust as a valve in 
a water line lets the water flow in only 
one direction, the engineer explains. 
When water begins to flow backward, the 
valve closes. And so an Ignitron refuses 
to let the electric current move back
ward. 

But infrequently an Ignitron will "arc
back," l ike a valve that fails to close 
when the water flows backward, Mr. 
Pakala says. There is no way to forecast 
when this undesirable "arc-back" will ' 
occur. 

Previously, engineers studied such elec
trical phenomena with the oscillograph. 
"But the oscillograph alone was unsatis
factory," Mr. Pakala says, "because we 
never knew when the arc-back was com
ing and we couldn't expose hundreds or 
perhaps thousands of feet of film while 
waiting for it. From a standstill the 
oscillograph could not go into action fast 
enough to get a picture of the arc-back, 
which lasts only 1/60 of a second. 

"Then I had the idea-why not put a 
machine between the Ignitron and the 
oscillograph that would remember what 
happened inside the Ignitron ? This. would 
give the oscillograph a chance to begin 
operating and then the memory machine 
would recite the message so it could be 
picked up and photographed." 

To do this, Mr. Pakala converted an 
ordinary electric motor, not much bigger 
than the one on a washing machine. He 
stripped the copper wires from the re
volving part of' the motor and replaced 
them with layers of aluminum foil and 
paper. These electric "reservoirs" can 
store an electric charge, then release it 
when they are tapped. 

Each capacitor
' 
was connected to one 

of the copper bars on the motor's com
mutator and the whole memory machine 
was hitched to a real electric motor that 
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made the brain whirl at a steady speed. 
" A  graphite brush rubbing against the 

memory machine's revolving commutator 
takes electric current from the Ignitron 
and feeds it into each little reservoir 
as the memory machine spins around 
1 800 times a minute," Mr. Pakala ex
plained. 

"If the current shoots up for all i nstant, 
the reservoirs that pass the · brush dur
ing that time receive a greater charge 
than the other capacitors on the whirling 
rim. 

"\Vhen the reservoir completes one 
revolution it is discharged by another 
brush . rubbing against the commutator. 
This brush drains off each charge and 
leads it through a wire to the oscillograph 
which has already been set in motion by 
an electronic switch closed by the arc
back." 

\\Then it is turning 1800 times a minnte, 
the brain "remembers" things for one
thirtieth of a second, long enough for the 
engineers to get an oscillograph picture 
of what happened j ust before, during, and 
after the arc-back. 

As the brain turns faster, its memory 
becomes shorter. But then it remembers 
more details of the surges or high volt
ages in the different parts of the Ignitron 
tube. If it turns more slowly, its mem
ory is longer but it tells  the oscillograph 
-and the engineers-fewer details .  

RADIO SEWING MACHINE  

Radio Current Replaces 

Needle and Thread 

A RA DIO sewing machine recently de
veloped has promise of becoming one of 
the new radio-electronic machines of the 
post-war period, when expansion of its 
use may be extended through wartime 
developments. 

Instead of needle and thread, this 
machine uses radio-frequency current ; 
instead of woven cloth, it works on 
thermoplastics-the new synthetic mate
rials that are finding wide application in 
the making of raincoats and caps, weather 
balloons, and in the packaging of many 
types of food and oils .  

It "stitches" a thin, solid seam that 
is air and water tight, creating a bond 
that is stronger than the material itself. 
I t does this simply and easily, thus prom
ising to overcome many fabrication dif
ficulties involved in conventional process
ing methods as applied to thermoplastics. 

The radio sewing machine was created 
by RCA Labof<'ttories to meet a definite 
need in the plastics industry. Thermo
plastics, tough resilient materials,  can be 
rolled into large cloth-like sheets, which 
makes them highly useful in any number 
of ways. When cut into patterns, the 
sections are usually put together by 
sewing with thread, by cementing, or 
by fusing with externally applied heat. 
None of these methods has been found 
to be entirely satisfactory for mass pro
duction, although fusing by heat appears 
to be the most desirable method. But 
there are problems of maintaining uni
form temperature and of processing equip
ment becoming gummy and sticky. 

By generating heat inside the mate-

terial itself, RCA's radio sewing machine 
eliminates these difficulties. This is  what 
happens. The material to be sealed, or 
"sewed," is fed across a table top through 
two small roller wheels which serve as 
the "needle." The wheels have two func
tions : To pull the material along and to 
act as plates which set up a small elec
tromagnetic field of radio-frequency cur
rent. As this current passes through the 
material, heat is generated by dielectric 
loss, or, in other words, by the struggle 
of the current to get through the closely 
packed molecules of matter which com
pose the material . The heat causes ther
moplastics to fuse, or weld, in a tight 
bond. 

Somewhat similar in appearance and 
operation to the conventional sewing 
machine, the radio device derives its 

A thin, solid seam is "stitched" in 
plastic by the radio sewing machine 

current from a low-power radio-electronic 
oscillator. A small electric motor drives 
the roller wheels. Controls are in a foot 
pedal . Ordinary alternating current of 
1 1 0  voH� supplies the power. 

Laboratory tests, according to RCA, 
have revealed that the radio machine 
is an effective instrument for the han
dling of such thermoplastics as vinylite, 
koroseal, and pliofilm. All thf"ee of these 
materials are being used in a widening 
field of practical applications. 

COFFEE SHIPMENT 

Expedited by Opening of 

New Bridge T H E  NEW railroad bridge over the Suchi
ate River between Mexico and Guatemala 
has opened a land route for the shipment 
of coffee to the United States from Cen
tral America., 

In the first two months of the operation 
of the new bridge, according to figures 
from the Mexican Government Railway 
System, more than 60,000 bags of coffee 
( 1 54 pounds each ) originating in Guate
mala and destined for the United States 
were handled by the overland route. 

This is  only a small fraction of the 
enormous consumption in the United 

SCIENT I F IC AMER ICAN J U LY 1 943 



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

States, but shipping of coffee over the 
Mexican railways illustrates how the 
Americas are seeking to solve the war
time shipping shortage which has curtailed 
imports of coffee from Brazil and other 
distant sources which are without rail 
connections with the United States. 

To facilitate overland traffic from Cen
tral America to the United States via the 
Mexican railways, the Suchiate Bridge 
was rushed to completion last year as 
wartime shipping shortages restricted 
inter-American trade. Mexican railways 
today are being called upon to handle an 
increasing flow of minerals and other 
strategic materials from Mexico into the 
United States. This movement is expected 
to increase sharply this year and thus 
may crowd out extensive shipment of 
coffee and other non-war commodities 
f rom Central America. 

The new bridge makes overland transit 
between Mexico City and Guatemala 
practicable in 48 hours. Prior to con
struction of the bridge, railway freight 
had to be unloaded on the banks of the 
border river and ferried across.  

The Suchiate Bridge is counted on as 
a substantial aid to facilitate movement 
of supplies into Guatemala, El Salvador, 
and other Central American countries, 
while prov}ng a boon to northward move
ment of their commodities to United 
States markets. 

WAR LIGHTING TOOLS 

Wil l  Find Numerous 

Peace·Tlme Applications 

LIGHTING techniques now being devel
oped essentially for military needs are 
due to play an important part in post-war 
reconstruction and peacetime living, ac
cording to Samuel G. Hibben, lighting 
authority. He says that most of the lamps 
for tomorrow's lighting j obs "are ready 
to graduate from the res'earch laboratories 
and battlefronts onto the retail counters. 

"If we are to achieve our national 
destiny as the center of cultural living 
as well as of democracy," he declares, 
"we should begin by using all of the 
amazing lighting tools that science is 
now placing at our disposal ."  

Pointing out that those who have ex
perienced blackouts and dimouts have 
had the discomforts and dangers of 
darkness strongly impressed upon their 
minds, Mr. Hibben says that for the 
first time in their lives, perhaps ,  they 
have become ·· "light conscious." "When 
the war is over," he continues, "there will 
undoubtedly be a decided reaction from 
these conditions as evidenced by a much 
greater use of good lighting and new 
lighting methods, first as an expression 
of freedom and cheerfulness and later as 
a means to greater health, safety, and 
efficiency. 

"We now have a civilian army of some 
20,000,000 factory soldiers, more than 
half of whom are dependent upon arti
ficial lighting during the maj or part of 
their working hours. 

"The millions of fluorescent lamps now 
producing artificial daylight in the na
tion's war plants have demonstrated so 

thoroughly to war workers the benefits 
of comfortable vision that I doubt very 
much if they will be content to live in 
ill-lighted homes when the war is over." 

As an example of the part to be played 
by lamp� in guarding the nation's health, 
Mr. Hibben cites one product of West
inghouse research laboratories-an ultra
violet lamp which destroys germs and 
prevents cross-infection. "This Steri
lamp," he says, "is on its way to becom
ing a regular part of the air-purifying 
systems in schools and public places 
where it can reduce infectious diseases. 
Before long it may be commonly em
ployed in our homes." 

Among the other peacetime applica-

ISN'T it wonderful to get a 
letter like that from your 
boy wherever he is . . . 
I celand, Ireland, Australia, 

or a camp in the U. S.  A. 
Remember how you used to worry 

about his , health when he was a little 
fellow . . . how secure you felt in the 
house on Greene Street because it was 
j ust around the corner from Doc Brown's? 

Right now your boy is getting the finest 
medical care in the world. No matter 
where he is, he's never farther than "just 
around the corner" from an army doctor 
. . .  and a mighty good doctor he is, too. 

That doctor, as all American doctors 
are, is armed with the knowledge that 
has grown out of advanced microscopical 
research . . . research that was made 
possible by Bausch & Lomb's introduc
tion to the world of quantity production 
of quality microscopes. 

tions of l ighting developments, Mr. Hib
ben forecasts "controlled weather condi
tions," explaining : 

"The compact lamp that radiates infra
red or radiant heat now is heing used 
to dry the painted surface of a mil itary 
tank in three minutes and to do a similar 
j ob on plastic helmet liners for the A rmy. 
After the war this same lamp may pro
vide 'good weather' by casting its arti
ficial beams on our plants and vegetable 
gardens. As a substitute for the sun in 
this capaci ty it could do a creditable j ob. 

"Experience gained during the black
outs and dimouts will result in vastly 
improved street lighting, Uncomfortable 
glare will become a thing of the past 

Today, in every field hospital, and in 
every base hospital a microscope stands 
ready to aid your boy's doctors . . .  to 
ferret out the enemy that hides in the 
water and the air and the insect's sting 
. . .  to aid in the diagnosis of disease. 

And out on the battle lines, as on 
industrial fronts, Bausch & Lomb I nstru
ments are creating winning standards of 
precision. In your hom-es, schools and 
shops, modern eyewear, as prescribed 
and fitted by men who have made the 
study of human vision a life's work, serves 
the eyes of a working America. 

M B  
O PT I C A L  C O  

E S T A B L I S H E D  . s q  

AN AMERICAN SCIENTIFIC INSTITUTION PRODUCING OPTICAL GLASS AND INSTRUMENTS 

FOR M ILITAR Y USE, EDUCATION, RESEARCH, INDUSTR Y AND E YESIGHT CORRECTION 
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since it is possible to have good lighting 
without it. 

"Interest in new achievements should 
also bring into wide use the invisible 
ultra-violet rays known as 'black light.' 
Today this light enables aviators and sub
marine crews to see the fluorescent in
strument dials which glow when struck 
by ultra-violet. Tomorrow, home wall 
decorations painted in luminescent colors, 
will glow brilliantly when activated by 
this same 'black light.' '' 

ALL ANCIENT 

Bamboo Books, Paper, and 

Pencils in  Ancient China 

B OOKS with bamboo pages resembling a 
hammock of wooden slats, were widely 
used in ancient China 14 centuries before 
Christ, according to Dr. Arthur W. Hum
mel, curator of Orientalia at the Library 
of Congress, Washington, D. C. 

These early books apparently were 
similar to later books written on narrow 
strips of bamboo wood, some almost two 
teet in length. These strips were laid side 
by side and bound together by cords at 
the top and bottom. The writing probably 
was done in ink with small hand brushes. 

The narrow wooden strips suggest ver
tical rather than horizontal writing and 
this probably explains why the Chinese 
have always written in vertical columns. 

Paper was invented about 100 A.D. by 
Ts'ai Lun. 

The lead pencil was used for making 
notes in classrooms as early as the 2nd 
Century, A.D. ,  and probably was invented 
earlier. 

"BIG·INCH" WELDING 

Speeds ConstrlH:tion of  

Largest Oi l  L ine 

WELDING operations used in construct
ing the "Big Inch," largest oil line ever 
built. are speeding up construction 
through all kinds of terrain. 

The line, which has a capacity of 300,-
000 barrels of oil per day and is made of 
24-inch seamless pipe of }i-inch wall 
thickness, runs from Longview, Texas, 
to Norris City, Illinois, and is being ex
tended to the Atlantic seaboard. 

28 

After a section of pipe haji been 
brought up to the end of ' the line, and 
pulled into position by tractors, men 
of the tie-in crew stand on the pipe 
to bring the ends into alignment. Then 
the tacking crews of the firing -line gang 
go to work. The pipes, mounted on doI
lies, are lined up, clamped, and tack 
welded ready for the roll welders, who 
complete the j ob of the tackers and j oin 
lengths of pipe into one section. First 

Along the "Big I nch." Upper left : 
Men of the t ie- in crew stand on p ipe 
to br ing the ends into l i ne. Above: 
L in ing up and c lamping a section of 
pipe to the end of the l ine. Below: 
Putting the last pass of a rol l  weld 
on one section of the "B ig  I nch" 

I l lustrations courtesy Lincoln Electric Company 

pass is made with 3/16-inch "Fleetweld 
5" electrodes at 200 amperes. Second 
pass is made with 1/4-inch electrodes 
with 325 amperes. Third pass is made 
with 5/16-inch rods with 375 to 400 am
peres. When completed, the weld is 
"penny wide" . and "nickel high." Each 
roll welder marks his weld with a stencil. 
Careful inspection discloses any pin holes 
and these are rewelded by the roll  welder 
before he leaves that section of pipe. 

O I L  ROCKS 

Now Classified to A id 

the Hunt for Petroleum 

THROUGH finding the essential mIcro
scopic characteristics of various types of 
rocks, Dr. Paul D.  Krynine, assistant 
professor . of petrology and sedimentation 
at the Pennsylvania State College, . has 
been able to formulate a classification 
of sedimentary rocks, based on their 
evolution, which it is believed may be of 

value in discovering new oil fields. Where 
a particular rock or sand fits into the 
classification indicates where and what 
type of oil may probably be found. 

This is  the first systematic petrographic 
classification of sedimentary rocks ever 
made, though igneous rocks have long 
been classified. 

The characteristic composition and tex
ture of the rock is intimately related to 
the movement of the earth's crust many 
million years ago, Dr. Krynine believes. 
The texture or appearance as well as the 
chemical and mineral composition of dif
ferent sand types indicate the geologic 
changes they have been through in the 
earth's evolution. 

Oil in California comes from sand or 
rock reservoirs produced during moun
tain-making motions of the earth. 
Through the microscope the pattern of 
these rocks looks different from the oil 
bearing sands of the eastern United 
States and most of the Gulf coast, which 
have been formed during milder motions 
of the earth. When the earth is relatively 
quiet, a third type of rock is formed 
which becomes the reservoir from which 
the oil of most of the mid-continent and 
east Texas is derived. 

Since most of the so-called "anticline" 
fields in the United States have now 
been discovered, the future of oil pro
duction rests on finding new fields, or 
on stepping up the production of the 
fields now in use. It is believed that 
Dr. Krynine's classification may be an 
important factor in the discovery of new 
fields. With the scientist's blueprint to 
guide him, the engineer can drill with 
greater assurance of finding oil. 

• • • 

C U RVAT U R E-The actual curvature of the 
earth for any distance can be worked 

out s imply by multiplying the square of 
the distance in miles by .67 and the answer 
-in feet-tells how far · the earth has 
"cu rved u nder" at  that point .  Ten miles from 
the point where an observer is standing, 
for example, the surface of the earth is  
actually 67 feet  "lower" than the observer. 

• 

FLEXIBLE TUBING 

Made of Plastic as 

Rubber Replacement 

• • 

PLASTIC tubing with all the flexibility 
of rubber and adapted especially for use 
in breweries and creameries is  now being 
produced from materials far lower on 
the critical list than rubber, thus making 
it available for a wide range of purposes 
for which manufacture of rubber tubing 
is prohibited under present conditions. 

Exhaustive tests which Goodyear Tire 
and Rubber Company made of its new 
plastic tubing before announcing its avail
ability disclosed that it has practically the 
same resistance as rubber tubing to ex
tremes of temperature. 

In addition, it is stated that the new 
plastic tubing will resist pressures up to 
40 pounds per inch when unbraided
approximately the same strength as rub-
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ber tubing-and Ufl to more than 200 
pounds per square inch when braided. 

Unbraided, Goodyear's new plastic tub
ing is  transparent to disclose immediate
ly any obstructions which might occur. 
It  also can be produced in an opaque 
finish or in colors. Tests likewise have 
shown that the new plastic tubing in some 
applications is less prone to pick up odors 
than rubber tubing. 

POWDER M ETALLURGY 

Round·Up of Important 
Industrial Factors 

T HE SUBCOMMITTEE on Powder Metal
lurgy of the American Society for Metals 
defines powder metallurgy as follows : 
"Powder Metallurgy is the art of pro
ducing metal powders and shaped obj ects 
from individual, mixed, or alloyed metal 
powders, with or without the inclusion 
of non-metallic constituents, by pressing 
or forming obj ects which are simultane
ously or subsequently heated to produce 
a coalesced, sintered, alloyed, brazed, or 
welded mass, characterized by the absence 
of fusion, or the fusion of a minor com
ponent only." 

While the art of using metal powders 
goes back hundreds of years B.C., powder 
metallurgy as we now know it obtained 
a large-scale commercial application as 
soon as tungsten became the useful metal 
for electric lamps. 

The melting point of tungsten is so 
high that it  is uneconomical, if not im
possible ( due to the absence of suitable 
refractories ) ,  to melt and refine the metal 
by orthodox methods ; hence tungsten was 
prepared by the reduction of the finely 
divided tungstic oxides in the solid state. 
This reduction left tungsten as a powder 
which was compressed originally by the 
use of binders ( later without binders ) ,  
sintered, and subsequently after going 
through various steps of preparation, 
drawn to the fine wire now familiar to 
all. 

The same procedure of reducing the 
oxides to metal in the solid state, par
ticularly with a gaseous reducing agent, 
has been adopted for a large portion of 
the metal powders now used ; but elec
trolysis and atomization are other methods 
also used. Iron and copper powders are 
produced by reduction of the oxide by the 
use of hydrogen, coal, gas, or by elec
trolysis. The light metal powders, such 
as aluminum powders, are produced by 
atomizing ; so also, generally, are lead 
and tin. 

In preparing either the straight metal 
powder or the alloy powders, the features 
which should be most carefully watched 
are purity of the metals and the shape 
of the metal particles. Only clean sur
faces of the metal particles will give a 
continuous cohesive surface in compres
sion, thus assuring subsequent strength 
in the finished part. 

The shape of the particles of metal 
powder should be angular, not globular, 
as globular powders do not compress 
well, though for certain applications, such 
as filters, globular powders may be used 
advantageously. Globular powders com-

pact without pressure and, therefore, do 
not lend themselves well for parts which 
have intricate configurations. Angular 
particles will deform under pressure, in
terlock, and give strength of cohesion 
to the compact sufficient to permit han
dling of the compacted piece even before 
sintering. Where clean surfaces of the 
powder particles are assured, the heat 
created by pressure and friction is  suf
ficient to create a molecular weld. 

Metal powders are available of prac
tically all known metals, but in addition 
a number of pre-alloyed powders such as 
brass powder, bronze powder, and ferro
alloy powders, have been produced. In 
the case of some of the age�hardening 
alloys, however, it has been determined 
that these alloys are best created during 
the process of sintering. The age-hard
ened powders are generally too hard to 
compact easily, and even when they do 
compact, the resulting part is generally 
brittle and of low physical properties ; 
whereas if the compact is formed from the 

copper, aluminum, magnesium or in the 
case of ferrous metals, iron, nickel, or 
chrome, the metals can be annealed be
fore compression and the softness of the 
powders allows excellent compression 
conditions. The alloys are then formed 
during the sintering operation. 

The next step of importance is the 
mixing of the powders, their compression 
in dies, and subsequent sintering. Since 
compounds of from two to six different 
metals are frequently required, it is im
portant not to mix l ight and heavy metals 
as they will tend to segregate and will not 
compact into a homogenous mixture. 
Even if the mixing or blending of the dif
ferent metals takes place immediately 
prior to their use, the mixing must con
tinue from a few hours to 24 hours or 
longer�depending upon the nature of the 
mixture-to insure an absolutely� even dis
tribution of the various particles. 

Pressures to form a compact vary 
from a few tons to a hundred tons per 
square inch and of late Dr. Clarence W; 

Back of the planes and tanks and guns that are flowing in ever· 
increasing quantities to our fighting forces is a skillfully coordinated 
plan of men and machines-a combination of skill, ingenuity and 
mechanical perfection that is going to win. 

" HOW TO RUN A LATHE" 
A helpful handbook on the 
operation and care of eD
gme Jnthes. Contains ]28 
pages, 5Ys" x 8"'. Send 25c 
In stamps for your copy. 

Accuracy is the key to the success of this great plan. Without the 
split·thousandth tolerances that assure perfect interchangeability of 
parts, the production goals could not be attained- and not enough 
planes and tanks and guns would reach the battle fronts. 
Capable of fulfilling the demands of urgent war production, South 
Bend Lathes have the accuracy and speed for the most exacting 
precision operations, plus ruggedness and power for efficient service. 
South . Bend Lathes are made with 9", 10", 13", 14�", and 16" swings 
in both Quick Change Gear and Toolroom models. Practical attach· 
ments are available for special classes of work. 

S O UTH .. BE N D  LATH E WO RKS 
S o u th Be n d .  I n d i a n a  Lathe B u i lders  "fo r 36 Years 
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equipment developed by the General 
Electric Company. 

Officially known as an "Optical Rifle 
Sighting Gage," the equipment will save 
up to 13 rounds of ammunition formerly 
used in sighting each gun, and will per
mit a girl to do the j ob in less than two 
minutes per rifle-about half the time 
it took two men by the old method. 
Moreover, .the optical equipment 're
quires less room than the average dom
estic kitchen, whereas sighting by firing 
requires a 100-yard rifle range. 

The Garand rifle sight ing equipment, with sight  projectors raised 

When sighted by the optical gage, 
all the rifle "fires" is a light ray at a 
mirrored taget approximately six feet in 
front of it. The ray is caught by another 
mirror on the gage equipment at the 
operator's eye level and is thrown onto 
a ground-glass screen in the image of 
a cross. Superimposing this image upon 
another cross on the ground glass cor
rectly positions the rifle, and the gun is 
then sighted by adj usting its rear sight 
so that its shadow, magnified 25 times on 
the screen of a proj ector directly above 
it, is  in the same relative position as 
the shadow of the front sight, similarly 
magnified on another proj ector above ' it. 

Although the optical sighting gage was 
built specially for the Garand rifle, 
it can be adapted to sight other types of 
rifles. 

Balke of Fansteel Metallurgical Corpora
tion has increased his pressure to 160 
tons per square inch to obtain high physi
cal properties in iron parts recently pre
pared. The selection of the ' desired pres
sure is governed entirely by the physicals 
expected in the finished part, how close 
such part is  to come to the full density 
of the metal , or alloy made by orthodox 
methods, or how much porosity is ex
pected. 

The advantages of powder metallurgy 
lie in the fact that production can be 
assured at a very rapid pace, and to very 
close tolerances, eliminating practically 
all need for machining and subsequent 
loss of raw material. 

• • • 

LAM I NATE D-To preserve and protect the 
huge laminated a rches and beams used i n  

a i r p l a n e  hangars, recreation centers, and so 
on, some manufacturers are now dipping 
them i n  tanks conta in ing  synthetic resi n  
preservative and sealer before erecting them 
on the job.  

• • 

GLASS TANKS 

Now Made of Heat· and 

Chemical· Resistant Sheets 

• 

GLASS TANKS for industrial or commer
cial applications requiring a non-corrosive, 
shock-resisting material, and using a 
minimum of critical material have been de
veloped by the Pittsburgh Plate Glass 
Company. They are not j ust glass l ined, 
but are actually tanks made of glass, made 
by building up the required ' shape and size 
of heavy tempered,  glass plates. The result 
is  a rigid, permanent, sturdy tank, free 
from maintenance or wear. 

Milis, factories, plants have heretofore 
experienced difficulty in holding acids or 
chemicals in tanks that would at the same 

30 

time be free from attack. The new glass 
,tanks eliminate practically all the former 
difficulties. 

The new method of heat treating gives 
to the tank material a physical strength 
four to five times greater than ordinary 
glass. Furthermore, the glass has a high 
resistance to thermal shock. It will with
stand continuous operating temperatures 
of 650 degrees, Fahrenheit, and an in
stantaneous thermal shock of 400 to 500 
degrees. 

The j oining problem is comparatively 
simple since the glass is made in large 
sheets ; on all tanks of medium size noth
ing but the corners are involved. All 
j oints are accurately ground so' that they 
resemble, in a sense, the ground stopper 
of a chemist's bottle. In addition, use is 
made of a j oining material developed 
especially for this purpose. The entire 
tank is usually surrounded by a wooden 
frame work fil led with a compound. This 
frame serves both as insurance against 
leaks and as protection against severe 
physical blows. 

Tanks of glass have already proved 
their ability to take it and continue to 
give service in one of the most severe of 
all tank applications-pickling tanks for 
steel and other metals. Their successful 
initiation here has caused a demand for 
them in other industries, such as the rub
ber, synthetic rubber, chemical, textile, 
paper, photographic, electroplating, and 
many other fields. 

RIFLE SIGHTING 

Done With M irrors, Saves 

Time and Ammunition 

PRECISION sighting of Garand semi
automatic rifles in quantity production 
for the United States Armed Forces can 
now be done with mirrors and without 
firing a shot, through the use of new 

What the gage actually does is to trans
fer the sight setting from a "master" 
rifle, correctly sighted by firing, to rifles 
subsequently sighted in the equipment. 

I nserting the Garand bore plug 

The gage is set for accurate use by plac
ing the master rifle in it, and adj usting 
the equipment to conform to the bore 
direction and sight positions of the mas
ter rifle. When other rifles placed in the 
gage are aligned with the target optical 
system, and their sights moved to the 
proper position as designated by the 
sight proj ectors, they are given the line
of-sight to line-of-bore relationship es
tablished by the master rifle. 

The target optical system consists of 
a light source and condensing lens, a 
cross-shaped aperture, a concave mirror 
mounted on the end of a four-inch bore 
plug, an adjustable mirror mounted above 
the light source, and a mirror and ground 
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glass screen on the main fixture. The 
light bulb, lells, aperture, and adj ustable 
mirror are contained in the separate target 
unit which is mounted approximately six 
feet in front of the main fixture and 
facing . it. 

The concave mirror is mounted on a 
bore plug. The plug is inserted in the 
muzzle of the rifle for each sighting, its 
mirror facing the separate target unit. 

Light leaves the bulb in the target unit, 
passes through the lens and the aper
ture, and is focused on the concave mir
ror on the plug in the shape of the bulb 
filament. It reflects to the adj ustable 
mirror mounted above the bulb in the 
target unit, and then back to the mirror 
on the main fixture which throws the 
cross image on the viewing screen. 
Focal length of the concave mirror on the 
plug is such that it focuses the image 
of the cross aperture on the screen. 

The two sight proj ectors are optical 
systems designed to magnify the images 
of the sights approximately 25 times and 
focus them on viewing screens. They are 
mounted on separate arms so that they 
may be l ifted to permit inserting and 
removing the rifle. The two arms rotate 
about a common shaft, and are raised by 
a handle attached to the shaft. The arms 
and proj ectors are held in the up position 
by an automatic latch. Each proj ector 
has a dash pot which prevents it from 
being j arred when dropped into position, 
and individual stops to l imit the down
ward position . 

• • • 

EXPLOS IVE-Cyclonite, a new explosive for 
bombs and shel ls, explodes even faster 

than T NT. 

• • 

FATTY ACIDS 

Hold Promise for New 

I ndustrial Synthetics 

• 

A NEW family of synthetics using fats 
as a basis is predicted by Dr. A. W. Ral
ston in "Chemical and Engineering 
N-ews," the available supply of these fats 
in vegetable. animal ,  and marine life �)eing 
essentially unlimited. 

"A study of the structnres of various 
fatty acids combined with a realization 
of their ready availability shows that they 
present an exceptional opportunity for 
synthetic work," Dr. Ralston says. Fats 
are one of the greatest sources of com
pounds for chemical synthesis known to 
mankind. It is now clearly apparent that 
many of the compounds which can be 
synthesized from fatty acids are destined 
to become important chemicals in the fu
ture. 

Fats are comparatively simple com
pounds, which are structurally similar 
and which can be easily separated into 
their maj or components-glycerol and 
fatty acids. Many of the fatty acids can 
now either be separted from one another 
or can be segregated into groups of acids 
which possess similar chemical properties. 

"The glycerol part amounts to about 
5 percent of the weight of most fats so 

that the fatty acids comprise by far the 
greater portion of the fatty molecule," 
Dr. Ralston continues. "Glycerol is a 
compound for which many uses have been 
found, both in peace and in war. The prob
lem of chemicals from fats, therefore, 
is centered about the major component, 
the fatty acids . . . . 

"Recently. quite a number of fatty acid 
derivatives have been developed, some of 
which are now available commercial ly. 
They can be roughly divided into two 
classes. The first comprises the simple 
derivatives in which the hydrocarbon 
group retains its identity, and the second, 

those in which this group is a part of a 
very complex molecule. 

"Examples of the simple derivatives are 
the alcohols, aldehydes, acid chlorides, 
ketones, esters, amides, nitriles, amines, 
and the many compounds which can be 
prepared from them. The complex deriva
tives are represented by plastics, polymers, 
elastomers, and similar substances. 

"Amides are formed by the removal of 
one molecule of water from an ammonium 
soap. They are relatively high-melting 
solids which are useful as waterproofing 
agents, protective coatings, and chemical 
intermediates. The amines and their salts 

. . PhotOgraph 
. 1( . iat British . use a� a ThiS OfftC binocutar Inbservatlon 

the " t ry 0 shoWS tine artl' e1d photO. 
{ ,ont Wide W or 
.post . " 
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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_ 

---M I S C E L L A N Y---
have an ever-increasing number of indus
trial applications. They have been found 
to be useful in many fields such as flota
tio�, water treatment, and textile finish
ing. They are strongly adsorbed upon 
glass, pigments, silicates, clays, limes and 
metals and decidedly modify the surface 
properties of such substances. 

"The amines possess bactericidal prop
erties and certain of them act as insecti
cides. They are the starting point for 
many types of derivatives of commercial 
interest. We can easily visualize that the 
nitrogen derivatives of the fatty acids pre
sent a field for investigation which can 
well occl1PY the attention of chemists for 
many years to come." 

SI LVER B EA. R I NGS 

Pljlting Speeded Up by 

Potassium Cyanide 

I N T H E  production of silver-plated bear
ings for airplane motors, the rate of plat
ing is more than trebled by use of potas
sium cyanide, formerly imported from 
Europe but now made in this country by 
the Electrochemicals Department of E. 1 .  
du Pont de Nemours & Company. 

Literally tons of silver are used each 
week in the fabrication of bearings which 
will withstand the high loads and terrific 
speeds demanded in modern wartime op
erations. According to some authorities, 
air speeds would be reduced as much as 
75 miles an hour and loads would be cut 
substantially if silver-plated bearings were 
not available. 

Potassium salts now are recovered by 
re-crystallization from vast salt deposits 
in desert areas of California., These salts 
provide the basic material from which 
potassium cyanide is manufactured. In an 
electroplating bath, potassium cyanide not 
only increases the rate at which silver 
plate is deposited on the motor bearings, 
but also gives required heavier coatings 
that are smooth, firmly adherent, fine 
grained, and easily machined or burnished. 
Coatings of silver deposited on the bear
ings, some of which are three to four 
inches in diameter, range from three to 
five one-hundredths of an inch in thick
ness, whereas silver electro-deposits us
ually are measured in thousandths of an 
inch. 

• • • 

SHAMPoo-First-aid kits on many American 
ships now include a supply of a l iquid 

soapless shampoo. Experiments have shown 
that the shampoo is of value i n  removing 
fuel o i l  and s imi lar substances from sai lors 
rescued at  sea. 

• • 

SILVER BUS BARS 

Conduct Electricity in  

New Magnesium Plant 

• 

ELECTRIC current flowing through huge 
bus bars of solid silver recently brought 
another great magnesium plant into pro
duction, when Dow Magnesium Corpora
tion poured its first metal in the fifth 
Dow-process plant built by The Austin 
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Company for the Defense Plant Corpora
tion, to meet the wartime demand for 
this lightest of all structural metals. 

The silver almost completely replaces 
copper in the power distribution lines 
required for large-scale production of 
magnesium, and was loaned by the gov
ernment for this use to release copper for 
shells, ordnance equipment, and other 
war needs. The silver is  even more effi
cient as a conductor of electricity but 
would not normally be used because of its 
excessive cost. 

• • • 

PESTS-Millions of two-ounce cans of body 
dusting powde r  for the U .  S. Army p rotect 

overseas personnel against typhus-carrying 
pests. 

• • 

EM ERGENCY LIGHT 

Turns on Automatically 

When Power Fails 

• 

REQUIRING no fixtures or wlrmg other 
than plug-in connections to the A.C. sup
ply, a new emergency lighting unit has 
been designed to meet the need for a 
source of emergency light in war plants, 
arsenals, ordnance plants, shipyards, fac
tories, and other places where war-time 
activity has increased the potential 
dangers resulting from power-line fail
ure, fi res, and sabotage. It throws a beam 
of light 50 feet wide a distance of 150 to 
200 feet, covering an area of 7500 square 
feet. 

With power lines loaded to capacity, 
plant feeders are in many cases over
loaded, needing only a slight upsetting 
load condition to produce a lighting fail
ure. When the lights go out and machin
ery continues to run on momentum, the 
Exide Lightguard, by automatically 
switching on a broad beam of light, helps 
to reduce the accident hazard, particu
larly in those plants . where men and 
women unfamiliar with machinery are 
working. It is especially useful in win
dowless plants, many of which have been 
built recently. 

The Exide Lightguard has been de
signed for use where workers are em-

�, � 

Taking the Jeeps �� over the Jumps l  
PRODIGIOUS jumpers that they are, 

our fighting Jeeps still can't jump broad 
rivers. So the Army's resourceful Engi
neers find still another job for their Evin
rudes ! Huge rubber rafts are bridged in 
tandem . • .  Jeeps and troops are loaded 
aboard . • . husky Evinrudes sing their 
deep - throated song of power . • .  and 
quickly the Jeeps are over another jump ! 

Giving a lift to the leaping Jeeps is but 
one of many wartime jobs which Evin
rudes are performing today. For Evinrudes 
are enlisted for the duration . • • in the 
Army, the Navy, the Marine Corps. Great 
Evinrude "Fours" power swift assault craft, 
landing boats and lighters. Evinrudes help 
build bridges, ferry supplies, troops, equip-

ment. Mountbatten's famed C ommandos 
know their power, rugged reliability and 
trigger-quick starting ease. 

All the experience gained in 33 years of 
building fine outboards is centered on our 
assignment to build Evinrudes for the 
armed services. Knowledge of some of the 
tasks these motors must perform is an 
ever-pressing incentive to build them finer 
. . .  and still finer ! After Victory, there 
will again be Evinrudes for all who love the 
water . . .  sparkling new Evinrudes whose 
performance will ably reflect many advance
ments achieved in their fighting forebears ! 

E V I N R U D E  MOTO RS, Milwaukee, Wisconsin 
Eyinrude Motors of Canada, Peterboro, Canada 

EVIKBUDE 
O U T B O A R D  M O T O R S  * Invest in Am erica ! Every War 

Stamp you buy helps speed Victory. 

* * 

* B U Y W A R  B O N D S  * 

* * 

G I R L  MA K E S  PA RTS 

BENDERS-DI-Acro Bender bends angle, 
channel, rod, tubing, wire, moulding, strip 
stock. etc . ,  2 sizes. Capacity up to 1,2 "  
cold rolled steel bar. 

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

Write for catalog 
"Meta! Duplicat.ng 'Without Dies " .  

·l/nml/;llmil�Jjltm'. 
347 Eighth Ave. So. M I N N EAPOLIS,  M I N N .  
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KNOWLEDGE 
THAT HAS 
ENDURED WITH 
THE PYRAMIDS 

A 
FOR THE �,. 
OF LI FE 
WHENCE came the knowledge that 

built the Pyramids? Where did 
the first builders in the Nile Valley acquire 
their astounding wisdom that started man 
on his upward climb? Did their knowledge 
come from a race now submerged beneath 
the sea? From what concealed source came 
the wisdom that produced such characters 
as Amenhotep IV, Leonardo da Vinci, Isaac 
Newton, and a host of others? 

Today it is known that they discovered 
and used certain . Secret Methods for the 
development of their inner power of mind. 
They truly .learned to master life. This 
secret art of living has been preserved and 
handed down throughout the ages and to
day is extended to those who dare use its 
profound principles to meet and solve the 
problems of life in these complex times. 

This Sealed Book - FREE 
The Rosicrucians (not a religious organi

zation) have prepared an unusual book, 
which will be sent free to sincere inquirers, 
in which the method of receiving these 
principles and natural laws is explained. 

Write today for your copy of this 
sealed book. Possibly it will be the 
first step whereby you can accom
plish many of your secret ambitions 

and the building of personal 
achievements. Address your in
quiry to: Scribe X.D.K. 

The ROSICRUCIANS ( A M O R e )  
San Jose, California 

PURPLE X LAMP S SI·25 For all Ultra Violet and 
Fluorescent Experiments 

Ideal for testing instrument 
dials treated with luminous 
paint. Needs no auxiliary 
transformer or glass filter. 

Remit with order. Sent ex
press charges collect only . 

Again available at 

H A R RV R 0 S S Scient ific & Laboratory Apparatus 
68·70 West Broadway, N Y. C.  

ESSEX MACHINE WORKS 
Esf. 7 930 

PROD UCING FOR 

ORDNANCE - MARITIME 
S IGNAL CORPS-LEND LEASE 
Essex Connecticuf 
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ployed at night on machines, particularly 
in crowded spaces ; for emergency light
ing at control equipment, electrical or 
mechanical, such as power switchboards, 
telephone switchboards, pumps and 
valves ; in boiler and engine rooms for 
reading gages and operating valves ; in 
plant gate houses, entrance and exit lo
cations, first-aid stations, and dispensaries. 

Because i t  is a self-contained unit 
weighing only 47 pounds, this new light 

For use when power fa i ls  

can easily be moved from its customary 
position during a fire, accident, explosion 
or air-raid, for use in rescue work. 

The new unit operates instantly and 
automatically without a hand touching a 
switch. The only maintenance required is 
the occasional adding of water to the stor
age cells.  Recharging is done automati
cally by trickle charge, state of charge 
being clearly indicated by pilot balls. · 

ENGINEERING WILL WIN 

By Making Best Use  of 

Skil l  and Materials 

BECAUSE of the importance of making 
the fullest possible use of available re
sources, the side with the best engineer
ing will win the war, according to L. A. 
Umansky, Assistant Manager of General 
Electric's Industrial Engineering Depart
ment. 

"The real meaning of the word 'engi
neering' is  making the most skilful and 
efficient use of the available materials and 
of human effort," Mr. Umansky says. 
"The foremost j ob of engineers is ,  there
fore, to conserve our critical materials ,  
which can be done in the following three 
ways : By use of alternate materials more 
readily available ; by working available 
materials harder ; and by using available 
materials more skilfully. All three 
methods or a combination of them is 
being actual ly used by engineers ill fur
thering the war effort. 

" For instance, since the a in:raft ' in 
dustry has  fi rst cal l O i l  al l aluminum pro
duction, other industries had to use steel , 
zinc, and other materials and had to 
modify their designs so as to make the 
use of these materials possible without 
impairing the performance of their equip
ment. One electrical manufacturer alone 
is saving in this manner up to 8,000,000 
ponnds of aluminum per year." 

Many other substitutions of this kind 
have been made but no good substitute 
has been yet found for copper as a cur
rent-carrying material, he pointed out. 
True enough, on some large electro
chemical installations, silver busbars have 
been employed, the silver being with
d�rawn from the government vaults and 
put to work. Such an application, spec
tacular as it is, cannot be used univer
sally since the amount of silver available 
in the world is a small percentage of the 
copper requirements. The electrical indus
try and other industries manufacturing 
combat equipment have their j ust claim 
for copper, he added. Any ton of copper 
saved by skilful engineering does not mean 
merely that a few hundred dollars are 
saved but that this copper can be used to 
manufacture some 80,000 machine gun 
cartridge cases. Even if only one percent 
of these rounds of ammunition reach thei r 
goal, there will be 800 fewer enemies 
facing us, and the end of the war will be 
that much nearer. 

"Electric equipment can and should be 
worked harder during the war j ust as 
the men and women in the services are 
doing and as the men and women on the 
homefront al'e expected to do," Mr.  
Umansky declares. "Overloading a motor 
may shorten its life from 20 years to 1 0  
but this span will cover the expected du
ration of the war. Of course, this method 
is not always applicable to an older 
machine, since the aged insulation may 
fail and the failure may cripple industrial 
production." 

As an example of skilful engineering, 
intended to conserve our natur<il re
sources, Mr. Umansky cited the method 
of cOnnecting airplane engines under test 
to a generator and pumping energy which 
would otherwise be wasted back into the 
power system. At several engine fac
tories, up to 60 percent of the energy re
quired to operate the entire plant is thus 
obtained and if all airplane engines were 
tested in this way, approximately 750,000 
tons less coal would have to be mined 
and transported annually, he added. 

"No effort should be wasted on anv
thing that will not help to win this wa;,"  
he says. "However, this does not mean 
that engineering developments and in
vestigations should be stopped during the 
war. On the contrary, they should be 
stimulated, since this war, more than any 
other in history, is a war of machines, 
of engineering. With the nation at war, 
the engineering profession must do double 
duty in blazing new trails, in trying new 
ideas, in venturing into the unknown. 
Co-operative effort is needed as never 
before." 

DRY·ICE CABINET 

Holds Temperatura Within 

Close Limits 

WHEREVER reliable, conveni,mt, trouble
free, and speedy refrigeration is required 
in the laboratory, a new cabinet developed 
by the American Instrument Company 
will be found useful. It  provides tempera
tures from minus 90 degrees, Fahrenheit 
up to 220 degrees, Fahrenheit, with � 
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constancy of plus or minus Y;; degree and 
is intended for use where expensive 
mechanical refrigeration would not be 
j ustified. Two temperature ranges are 
available : From zero to minus 90 degrees 

Dry- ice cools the cabinet 

and from 220 degrees to minus 90 degrees. 
Temperatures can be held at minus 

40 degrees and minus 90 degrees in an 
ambient temperature of 85 degrees for 
24 hours with 40 and 60 pounds of dry
ice respectively. 

The cabinet is portable and ready for 
operation after packing with dry-ice and 
plugging the cord into the current supply. 
Once packed with dry-ice it requires no 
further attention until a new charge of 
dry-ice is required. 

In the low-temperature model, close 
temperature control is- made possible by 
means of a thermo-regulator, which, 
through a solenoid and an electronic 
relay ( time-delay) ,  operates a damper 
that allows air to be passed over the dry
ic'e when cooling is needed, or to be by
passed when cooling is  not needed. The 
temperature control system requires only 
natural heat leakage for its operation. No 
electric heaters are used in this model 
to control the temperature. 

In the high -and-low-temperature model ,  
the control described above is augmented 
by electric heaters operated through a 
relay. 

The working chamber (24 by 24 by 24 
inches ) has a hinged removable cover 
in which is ' incorporated a five-ply 
vacuum-sealed plate glass window. An
other hinged cover is provided for access 
to the dry-ice compartment. Air is cir
culated constantly through the cabinet by 
means of a fan located beneath the dry
ice compartment, the fan being driven by 
a motor mounted outside the cabinet. 

M I N E  GAS 

Reduced By Drawing 
Off Through Pipes 

DEFINITE economy in ventilation costs, 
by freeing coal mines of dangerous gas 
before a seam is worked, is being ac
complished by sinking pipes into the 
ground ahead of the workings and pump
ing the gas out, according to the Com
pressed Air Institute. 

This is being practiced at a mmmg 
operation near Bluefield, West Virginia, 
where holes for the pipes are drilled to 
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I M M E D I A T E  D E L I V E R Y  
LATEST TYPE I N DUSTRIAL & LABORATORY EQUIPMENT 

BRONZE GEAR AND 
CENTRIFUGAL PUMPS 

M OTORS-G. E. 

N o .  
No . 
No. 
No. 
No. 
No. 
No. 

With 
Inlet Outlet Price A. C .  motor 

No. 1 Cen t�!fugal %11' %" $ 6.50 $25.00 
No. 4 

3 ' " 1 ' '' 13.50 32.00 
No. 9 

1 1,2 G�,
ar 

2 
3 
4 
7 
9 . .  

I l  . . 

,. , 2 "  
1 �4" 1 16.50 35.00 

I ' " Pr!�e $ 9.00 With A . C .  motor 525.00 , 6  
�4" 10.00 2 7 . 50 
3 ' " ,6 11.50 2S.50 

�," 12.50 32.00 
14" 15.00 37.50 

I . 16.50 49.50 
1 11  " ,. 4S.50 on request 

H EAVY DUTY TWIN 
COMPRESSOR 

Complete automatic twin cylinder outfit 
fully equipped with a heavy duty )4 
H.P. motor, air tank ( 300 Ibs. test-
1 50 Ibs. A.W.P. ) ,  automatic adj ust
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 o r  220 v. 60 cycle 

$57.50 

16" � 30" tank A.C. 110 or  220 v. 60 cycl e  
$64.50 

Large stock of air  com pressors, Y4 H . P . to 20 
H . P. A . C. and D .C . , a l l  voltages,  1 to 120 
C. F. M .  d isplacement, bu i l t  for a l l  requ irements. 

Addit ional  data on request. 

B LOWERS 
Heavy duty Repulsion Induction . 

Flange mount enclosed type 0 

square shaft Ys "  long. \Vgt . 45 Ibs . 

74 h.p.  1 1 0 v. 60 cycle, 3400 
R . P . M .  Original Cost $36.00 . . . .  

Rebuilt $16.50 

Many purpose 
stamped steel 
housing, flange 
mounting, Quiet 
operating .  De
livers 50 c . f . m .  
Complete with 
6' cord & plug. 
1 1 0  volt AC 

$12.95 

"BUSH" CONDENSERS 
TINNED COPPER 

Designed f o r  refrigeration 
and air condition ing. Has 
many other uses. High 
heat transfer capacity 
and great efficiency . 

EXHAUST FANS, BUCKET BLADES 
General Electric A.C., 1 1  0 volt motors 

Sizes 8% x 10% . . . . ' . . . . . .  , . . . . . . . . . . . . $5.50 each 
Single Coil, double fin 

Sizes 10% x 11  I. . . . . . .  . .  . . .  . .  . .  . .  . . .  $6.50 " 
Double Coil 

Limited number of larger sizes on hand. 

"TAG" TEMPERA,TURE RECORDERS 

These recording 

t h e r m o m e t e r s  

have a 6 0  in.  long 

capillary bulb for 
remote recording. 
A c c u r a t e l y  re -

g" 
10" 

12" 

16" 
16" 

Priorities 
R.P.M. 

cords temperature 18" 

1550 

1500 

1750 

1750 

1 140 

1750 

1 140 

1140 
for each 24 hours. IS" 

20" 

24" 1140 
Temp. Range O ' -50 ' F  . . . . . . . . . .. .. . $ 1 9.50 24" 850 

required. 
cu. ft. 

per min. 
550 

550 

800 

1800 

1650 

2500 

2100 

2800 

4000 

3800 -----
FORCED DRAFT BLOWERS COM PLETE WITH MOTOR 

T Y P E  H . P .  R . P . M .  CU. FT. MIN. INLET OUTLET pRICE 
o 1/20 I750 160 4 \ , "  3%" $22.00 o�� %1 1750 350 6�2"  3�4" 25.00 
1 1/6 1750 535 6 " 4 ',," 30.00 
n4 �4 1 750 950 7th" 6 " 37.50 
1 %  1,2 1750 1900 9 �2 "  7 " 15 .00 

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

Price 

$12.00 

13.50 

IS.00 

21.00 

27.50 

22.50 

32.00 

36.00 

42.00 

45.00 

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 . 
120-5 CHAMBERS ST. N EW YORK CITY, N. Y. 
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Bui ld Your Own Searchlight 
U.  S. Army Parabolle Mirror 

Precision Quality 

I 

Focal Glass 
Dla. Len8'th Thickness Price 

30 In. 12 \� In. 7/16 In. 75. , 
36 In. 18\� In. 7/16 In. 125. 

Made by Bausch & Lomb & Par�ons. 
Perfectly ground and highly poUshed. 

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

HAND CLINOMETERS, PENDANT 
u. S. A nn y  Engineers, Geologists, Sur
veying, Mapping, etc. Magnifying Eye -
piece ................ M .... .  m •••••••••••••••••••••••••••••••••• ts.&O 

Variable Rheo
stat, Ward Leo
nard vltrohm, 
double plate 8" 
dia. 6 to 16 amp, 
4 ohm. front or 
back connected 

$1 8.00 
Ward Leonard 
Vltrohm Rheo
stats. Variable 
600 ohm, .2 to 1.6 
amp., 36 steps, 
field regulation 
type . .... .... $12 .00 

U. S. Army Generators, Signal Corps double cur
rent, hand driven; dellvers 8 volts at 5\2 AMPS. 
and 350 volts at .25 AMPS. 
Bronze Gears in Aluminum Case. 
Approximate Weight: 50 pounds. 

Price $85.00. 

DYNAMOTORS D. C. 

24-750 volt. Gen . Electric 200 
m!lls . . . . . . . . . . . . . . . . . .  $27.50 

24- 1000 Gen. Elec. 1000 miIIs 
$85.00 

g:��g ��l� ggo �m . .  : : :  : : : : : : :  : : :  : : :  : :  : : : : :  $�:::: 
32-350 volt 80 m!IIs . . . . . . . . . . . . . . . . . . . . . . . .  9.00 
32-300 volt 60 m!IIs . . . . . . . . . . . . . . . . . . . . . . . .  7.50 

.. 
CONVERTERS 

"Wappler X-Ray 00." 110 or 220 d.c. Input-1D or 
150 a.c. outpnt. \� KVA . . . .  $45 .00 3 KVA . . . .  $95 .00 

1 KVA . . . . $65.00 5 KVA . . . .  $110.00 
1% KVA . . . . $75.00 

M OTOR GENERATORS 
120 d.c.. 110 or 220 a.c. , 500 CYCI$�2;:

0
� r:t:i75.0

0 

120 d.c .. llQ Of 220 a .•.• 600 cycle. 500 watt. $175.00 10 $250 .• 8 
120 d.c . •  110 or 220 a.c., 500 cycle. 1 tw. 

$215.00 10 $325.00 
120 d.c., 110 or 220 a.c .• 500 cycle, 2 tw. 

,300.00 10 ,,25.00 
120 d .•.• 110 or 220 a.c., 500 cycle. 6 tw. 

,&25.00 to ,550.00 
126 d.c. to 400 d.c. 2 two . . . .  ,225.00 to '275.00 
120 d.c. to 600 d.c. 2 two . . . .  ,250.1' 10 ,325." 
Motors. Bynchronoue. 220 Y. eo Cl'clas 1800 
R.P.M. %H.P. . . . . . . . . . . . . . . . . . . . . . . . . . . . .  nO." 

Motors, Synchronous. 220 V. 60 cycles 1800 R.P.M. 
\�H.P . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .... .. 

SIRENS 
Universal AC & DC 1 2 0  vo lt Portable 
Weatherproof Limited number . • . . .  $4&.00 

U. S. ARMY 
A IRCRA FT MICRO· 

PHONE 
Manufactured by w .. t
ern !!il.ctrlc, 160 ohms 
Breast type carbon 
microphone transmit
ter, noiB6 proof. com
plete with cord. plug 
and breastplate. Excep
tional value . . . . . $2.95 

TUNtlSTEN COKTACT DISCS 
1 3 /16 " dla.-1 /16" thick. Pure metaIUc tungsten 
contacts. .Machined a.nd ""oUshed. 

$ 2.00 ea. $3.00 per pair 

Variable Rheo
stat, Cutler 
Hammer, 4 to 
12 amp. , 6 ohm 
10" x 12" .. .. $1 8.00 

mGB ,.REQUENCY GENERATOR8-AO 

4800 RPM, Ball Bearing, Belf Excited. 

400 cycle 115 Volts 200 Watts . . . . . . . . . . . '85.00 
500 cycle 115 Volts 250 Watts . . . . . . . . . . .  80.00 
500 cycle 115 Volts 500 Watts . . . . . . . . . . . 95.00 
600 cycle 1 15 Volts 200 Watts . . . . . . . . . . . 85.00 
900 cycle 1 10 Volts 200 Watts . . . . . . . . . . .  15.00 

West. Elec. Antl
Capacity Switch 
es, 14 Terminals, 

Contacts. Double 
...........•••......................•.........  $2.00 each 

U.  S. Navy Divers Lantern 
Electric 150 watt, any voltage, solid 
cast brass. 300 lb. test. Weight 12 lb, 
Price . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  $8.50 

U. S. ARMY TELEGRAPH SET 
Signal Corps telegraph key and Bounder 
mounted on maho gany board . Oper-
ates o n 2 dry cells. For Morse Code . $5.95 

GLASS MERCURY TUBE SWITCHES 
3 amp . .. . . . .. . .. . .  $1 .95 10 amp . . . .. . ... .... $2.25 

20 amp . .. . . .... .... 2,95 
Telegraph and bUzzer portable sets, mahogany 
ease, 2 tone 4 contact platinum point high fre
quency buzzer, 2 telephone toggle switches. po
tentiometer. sending key. 3 mld. condensers, 
transformer and 2 chote coils. receiver . . . .  ,18." 
U.  S. Army Aircraft, ... fiJi 
solid bra.. telegraph � 
and radio tranBmlt- � r�'{..

te�: . ����. $i�:i ten- · 
Single Stroke Electric Gongs 

Edwards 12" bronze DC 5 Ohm Mech. Wound Sl8.00 
Edwards 10" bronze DC 5 Ohm Mech. Wound 15.00 
Edwards 6" bronze DC 5 Ohm Mech. Wound 10.50 

U. 8. N. double current generator, .50 volt at 
250 mlIIs and 9 volts at 3.75 amp. Complete 
with filter. May be usecl a. dynamotor • •  155." 

EDISON STORAGE BATTERI ES 
Cella are In excellent condition. Complete with solution, 
connections and trays. Prices below are about 10% 
of regular market price. Average life 20 yeara. Two
year unconditional Guarantee. 

A-4 Amp. Hra. 150 .... .... .... ........ .. .. .... .... ... . ........ Ea. $6.00 A-S Amp. Hrs. 225 .... .... .. .. ........ . ...... . . . .. .... . .......  Ea. 6.00 A-7 Amp. Hra . 262 .. .. . . .. . . .. .... .... ... . . ... .... .... ........  Ea. 7.00 
A-I AmP. Hrs. 300 .... .. .. .... .... ........ .... .... .... ........  Ea. 7.00 B-1 (J-I> Amp. Hrs. 37 . ... . . . . . ....... .... ... . . . .. . . .. .... .... ....  Ea. 5.50 1.-1. Amp. Hrs. 13 ... . . ... .. . . . . ...... .. . . . . .. .... . ... .. .. ....  Ea. 2.50 L-41 Amp. Hra. 26 .................... ........ ................ Pr. 4.00 

All cells 1.2 volts each 

Above prices are per unit cell. For 6 volt system use 
5 cells . 12 vt.- 10 cells, 110 vt.-88 cells. Note : On all 
cells 75 amps. or less an additional charge of 10% Is 
to be added for trays. 

MANHATTAN ELECTRICAL BARGAIN HOUSE, I NC . ,  Dept. S , S . ,  120 Chambers St. , New York . City 

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

depths ranging from 100 to 1 000 feet, de
pending upon the thickness of the over
burden between the coal and the surface. 
The pipes are sent a short distance 
through the collar of the holes and then 
connected to blowers which exhaust the 
gas. 

Some of the mines where this is  being 
done are extremely gassy, the Institute re
ports. One liberates as much as 1 2,000,000 
cubic feet of gas a day-enough to sup
ply a large city. 

Although the amount of inflammable 
methane must be kept to a maximum of 
0.5 percent in the mine atmosphere, it  is 
the aim of this new gas-evacuating pro
cess to reduce the amount of methane in 
the mine atmosphere 50 percent before a 
coal seam is opened. 

An idea of the economy of this method 
can be gained by considering that to get 
out 12,000,000 cubic feet of gas from the 
mine and bring the methane content of 
the atmosphere to the required maximum 
would mean the circulation of 300,000,000 
cubic feet of air a minute by the usual 
means of ventilation. 

POWER LINES 

Can be Made to  Carry 

Increased Power 

ELECTRICITY zipping through a midget 
power line has demonstrated that exist
ing transmission systems can be stepped 
up to carry 65 percent more power by add
ing one generator and thousands of small 
steel boxes crammed with sheets of alu
minum and paper. R. D.  Evans, consult
ing transmission engineer at Westing
house Electric & Manufacturing Com
pany, conducted the laboratory experiment 
to prove a. theory he developed. 

By using 7200 of the small steel boxes, 
called capacitors, together with the neces
sary generating equipment, Evans says, a 
250-mile-long power l ine with a capacity 
of 1 75,000 kilowatts couid be stepped up 
to carry 290,000 kilowatts. This 1 15,000-
kilowatt increase would be sufficient to 
supply all the electrical needs of a city 
of 350,000 population. 

The capacitors which would make pos
sible this power increase are steel boxes 
the size of overnight bags, filled with 
layers of aluminum foil and paper which 
permit more power to flow through the 
wires. 

These devices "tune the circuit like a 
condenser does in a radio," the engineer 
says. "Use of capacitors to increase a 
Jlower line's effectiveness not only is ef
ficient but also is the most economical 
way," Evans reports. Heretofore, the 
most common method of boosting a power 
line's capacity was by adding extra trans
mission wires, since additional electricity 
could not be "forced through" the old 
lines without the help of capacitors. The 
cost of an additional power l ine and aux
i l iary equipment to step up a 250-mile 
transmission system's capacity 65 per
cent would be about $4,500,000. With the 
7200 capacitors necessary to step up a 
250-mile-Iong line's capacity 65 percent, 
the cost would be about $1 ,200,000. This, 
i t  should be added, does not include a gen
erator which would be necessary in either 
case. 
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N ew P r o d u c t s  
THREE·LlQUID  PUMP 

A SPECIAL-PURPOSE step-valve pump, 
developed for use in a new war pro
cess which cannot be discussed here, 
is a typical example of how industrial 
pumps are engineered to meet specific 
requirements and, as in this case, can 
often be built from units used in standard 
pump design. 

This new Milton Roy pump, although 
driven by one motor, delivers three 
liquids-one heavy, viscous material and 
two very light materials-at various re
quired rates of flow to control accurately 
the volume of each in a compounding 
operation. Features of the pump include 
three step-valves, one with a s ingle cover
plate. All valves have self-cleaning dou
ble ball-checks on both inlet and dis
charge s ides. 

COMM UTATOR CLEANER 

MANUFACTURED of a nonconducting 
abrasive compounded with soft rubber, 
a new hand-held commutator cleaner 

A hand-held 
commutator 

cleaner 
that does not 
remove polish 

from 
brush faces 

is now available. This cleaner, adaptable 
to use on either commut.rtors or slip 
rings, will not, it is claimed, scratch or 
score, but leaves a clean polished surfa�e 
which adds to the life of both the com
mutator and brushes. 

STUD LOCKI NG SYSTEM 

ENGINEERS have used threaded inserts 
and studs for fastening two parts to
gether for many years but this practice 
has always fallen short of being ' entirely 
satisfactory. Under vibration the inserts 
or studs would back out or loosen, and, 
if a nut became frozen on a stud, the 
torque necessary to disengage the frozen 
nut invariably unscrewed the stud. 

The difficult problem of permanent in
stallation for these fastenings can now 
be solved by the use of the Rosan Lock
ing System for inserts and studs. 

The principle of the locking system is 
very simple. A locking ring, serrated both 
inside and out, engages its inner teeth 
with a serrated collar ' on the insert or 
stud. The outer teeth of the locking 
ring broach their way into the material 

when struck with a hammer or a drive 
tool. Thus, the insert or stud becomes 
an integral part of the softer material, 
and since the inside serrations on the 
locking ring prevent the insert or stud 
from turning, and the outside serrations 
prevent the ring itself from turning, the 
whole instal l ation becomes completely 
permanent. The sharp leading edges of 

Demonstration of stud locking system 

the serrations on the locking ring broach 
the material effectively, but the crests 
of the serrations or splines are rounded 
to prevent any sharp corners which 
might create possible points of failure 
in the soft material. The locking ring has 
a special pilot on the lower edge and its 
inner serrations are so designed that they 
easily engage with the serrations on the 
insert collar. When fully driven into place, 
the ring closes in on the insert and makes 
a completely solid unit of the whole. 

CORROSION PROOFING 

T wo c,oatings for ferrous metal surfaces 
which are ordinarily exposed to corrosion 
have recently been developed. One of 
these, known as Sileo, resembles a vit
reous enamel . It  is  applied to such sur
faces as engine exhaust manifolds, muf
flers, and so on, by spraying after the 
metal has been cleaned, pickled, rinsed, 
and dried. The sprayed surface is first 
dried and then baked, after which the 
finished coating will not burn off at 
temperatures up to 1 000 degrees, Fahren
heit. 

The second corrosion proofing material 
is known as Armor-Vit. It may be applied 

. Send for fREE UTERATURE on 

'({ 'i 

M
�ltlTS . AND TRADE MARKS 

�lT C. A.SNOW6 CO. �I Reg. Patent AJJorneysSince 1 87') 
430 SNOW BLDG. WASHIIIGTON, D.C. 

= 

Experimental and Model Work 
Fine Instruments and Fine Machinery 

Inventions Developed 
Special Tools, Dies, Gear Cutting, Etc. 

H E N RY ZU HR, Inc.,  1 87 LafayeHe St., N. Y. C. 

ARMY-NAVY B A R G A I N S  
G un sl ing . . . . . . $ .50 
H obb ies .50 
Leather be lt  . . . . .75 
Short shovel  . . . . . .85 

\ Cart.  be lt  . . . . . . $ .60 
R ope  lariat . ' "  .75 
H essian bayonet 19" 1.00 
10 Gun F l i nts . . . 1.00 

75th Anniversary Catalog 1865-1940,  308 pages, over 
2, 000 illustrations of pistols, rifles, daggers, medals. 
saddles. etc . .  mailed for 500. 1943 circular for 3c 
stamp. 
F R A N CIS BAN N E R M A N  SONS, 501 Broadway, N ew York 

"SC I ENTI FIC DRAWING 

& ILLUSTRATING" 

Scientific machinery layout, detail
ing, assembly drawing, electrical and 
experimental drawing, textbook illus
tration. Illustrations in any media. 
AU work neatly done. Best ref
erences. Strictly confidential. 

K & T SC I ENTIFIC 

DRAWING COMPANY 
900 N. l 02nd St., North Park. SeaHle. Wash. 

COMPLETE HOME-
STUDY COURSES 
md lelf·instruction 
books, slightly used. 
Sold, rented, ex
changed. All sub
j ects. Satisfaction 

guaranteed. Cash "aid for used courses. Ful1 
details and 84·page illustrated bargain catalog 
FREE. Write today. 
NELSON CO., 321 S. Wabash, Dept. G.243, Chicago 

For Scienlific and Technical Boob 
Try our BOOK DEPARTMENT 

SCIENTIFIC AMERICAN 

F o r T h o s e  W h o  W a n t  T o  K n o w !  
WHERE DOES THE SUN GET ITS ENERGY? 

A restricted print of HThe New Solar Cycle" is immediately 

tWailable to those few who ",ill understand. 

For the first time Is presented herewith a factual 
f�c'i":ils 
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form, just one thousand words at two printed pages, 
ls made available to Interested people, knowledge that 
has just recently been uncovered, before it goes to 
press In a forthcoming book. 

No book. to read; just euuent fa.ts that may 
surprise you ! Prloe 50f--to cover distribution 
costs; no pl'oat iDvolved. 

Please mail remiHClnce to, 
N. V. TIMMERMAN, 

Box S91 . Cincinnati, Ohio. 
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DEFENSE TRAINING SCHOOLS 
are using these practical avla· 
lion books in their curricula 

Elementary Aerodynamics 
D. C. M. Hum. S1.60 
144 pp. 54 illu •• 
This book has been written for the 

epecific purpose of supplying the 

younger students of aeronautics with 
a concise and accurate outline of the 
essential science that lies behind the 
fact of mechanical Hight, so that they 
may understand and appreciate thf 
intensely interesting field of research 
and engineering that next awaits their 
attention. 

Aircraft Blueprint Reading 
Almen & Maad $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 & Boggess 
512  pp. 700 illus. 

S2.60 

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 01 
the U. S. Army, Navy and Coast 
Guard. . . 

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

Souad 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 illus. 

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 mem
bers of the Army and Navy Air Corps. 

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

Order from 

SCIENTIFIC AMERICAN 

U We.t 40th Street. New York. N. Y. 
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either by spraying or dipping and, after 
baking, may be heated to 1200 degrees,  
Fahrenheit, without failure of the coat
ing film. 

GLASS SURFACE PLATES 

S URFACE plates in heavy glass are now 
available in degrees of accnracy from 
.0002 to .0005 of an inch and in standard 
sizes of 8 by 8, 8 by 12, 10 by 10 and 
12 by 12 inches. The use of these glass 

A g lass surface plate in  use 

snrface plates is releasing, for other 
uses, materials that are urgently needed 
in war industries. 

'Wear, negl igible since the surface of 
glass is very hard, is indicated by 
scratches and, unless they are grouped 
closely and densely, they do not affect 
the accuracy of the plate. As scratches do 
not bnrr, they will not cause surface er
rors. The low co-efficient of expansion 
of glass indicates very little change due 
to variations in temperature. 

Glass surface plates are non-conductors 
of electricity and will never require de
magnetizing. They require no oiling of 
the surface as they will not corrode. The 
fact that they are of glass will induce 
greater care on the part of those who use 
them. 

As these plates are clear, drawings or 
data to be referred to frequently may be 
placed beneath them, thus providing pro
tection for the prints and making the 
data readily available. \Vhere required, 
permanent records may be etched on the 
lower surface of the glass. 

LOCKING CASTER 

F REEDOM of movement is  provided for 
scaffolding, portable work benches, and 
so on, by the caster shown in one of our 
illustrations, iYet complete immovability 
can be obtained whenever desired through 
the application of the self-contained lever-

Simple lever 
motion 

locks the 
caster wheel 

operated brake. The caster shown in
cludes a double enclosed ball swivel, a 
steel fork, a roller bearing semi-steel 
wheel, and a cam operated brake which 
bears against the caster wheel when the 
lever is operated. 

A I R  VISE 

T H E  U S E  of long dove-tail ways for the 
sliding j aw of a new air-operated vise 
gives an exceptionally smooth action 
which is  free from play in all directions. 
The long ways keep the j aws parallel, 
even where work is  held off center, and 
prevent any binding action from absorbing 
part of the holding power. The sliding 
j aw can not "lift" as it closes on a 
cylindrical piece held horizontally. . 

A simple but useful feature of the Mead 
Air Vise is the collar provided on the 
ram by which the length of the stroke 
may be controlled to any desired length. 
On many types of work a stroke of no 
more than 1/16  of an inch is needed and 
minimum strokes are recommended in all 
cases. Three reasons are evident : Low 
air consumption ; quick action ; and mini 
mum danger of pinched fingers. The ad
j ustment is easily made with a screw 
driver. 

In cases where a drill plate is attached 
to the stationary j aw, a long stroke is 

May be foot· or hand·operated 

sometimes needed to facilitate inserting 
and removing work. The two inch stroke 
of the vise will be found adequate to 
handle work of this type within the 
capacity of the vise. 

This air vise can be furnished with 
either hand valve, as shown, or with one 
of two types of foot control valves. Model 
ON foot control releases work when the 
button is  pressed and holds it at all other 
times. Model OFF foot control holds 
work while the button is  held down, but 
leaves the j aws open at all other times. 
Either model ON or model OFF may 
be set up to be operated automatically 
by functional parts of the machine on 
which the vise is used. 

REFRIGERATED WELDING 

A DEVELOPMENT in resistance welding 
electrode design which makes possible 
full utilization of refrigerated welding has 
been announced by Frostrode Products, 
originators of refrigeration for resistance 
welding. 

Aircraft manufacturers who have 
adopted the new "Frostpoint" as an in
tegral part of the "Frostrode" electrode 
refrigerating process have already re
ported increases from 600 to 1 000 percent 
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over refrigeration of conventional elec
trodes in the number of spot welds which 
can be made before the tips require 
"dressing." 

A 90 percent saving in the copper 
normally required for resistance welding 
electrodes is forecast by the fact that the 
only part that needs replacing in the new 
"Frostpoint" is the " Frostcap,"  a quick
replaceable tip on the end of the welding 
electrode. 

. 

Other features of the new electrode 
include : Machine and hand dressing of 
points is completely eliminated ; if a cap 
does mushroom, it is  removed and re
placed by another in about one minute's  
time. The life of a cap without any 
dressing except polishing is estimated to 
be about equal to that of a conventional 
electrode re-dressed until no longer 
useable. The cap seals the electrode 
against leakage. Greater cooling area is 
obtained by internal integral finning of 
the cap. The electrodes are so constructed 
as to provide absolute accuracy of cool
ant flow control, thus insuring operation 
at maximum cooling efficiency at all 
times. 

WATER LEVEL SIGNAL 

A PASTE-LIKE material which is applied 
in a thin film to a gage stick makes pos
sible accurate determination of the amount 
of water present in the bottom of a 
gasoline or oil storage tank. The paste is 
of such character that it changes from 
gray to deep red when in contact with 
water but not when it is touched only 
by gasoline or oil. When the treated 
gage stick is inserted into a tank and 
removed, the dividing line between water 
and other liquid is sharp. This material, 
known as Detex Water Finder, is packed 
in Zy, ounce and 1 pint j ars, the smaller 
jar containing sufficient material for about 
500 tests. 

HAND NIBBLER 

D OUBLE crank construction of the hand 
nibbler illustrated in this column makes 
possible easy and rapid operation. With 
this device, developed by the National 

N ibbler and hole puncher 

Machine Tool Company, templates and 
trial blanks may be quickly cut to any 
desired size, thus saving costly hand 
operations at the bench. It is also 
possible to cut drill rods with the same 
machine or to punch holes up

· 
to y, inch 

in diameter through % inch flat stock. 

SPIRAL ABRASIVES 

SPECIALIZED abrading and polishing j obs 
can be accomplished with a new abrasive 
strip material formed into the shapes 
shown in the accompanying illustration. 

Abrosive strips in spiral form 

As shown, some of these are produced 
in tapered shape for their entire length 
while others have a base that is cylindri
cal  in form. This coated abrasive strip 
material is designed for application on a 
mandrel in stationary or portable ma
chines. 

MOLDING PLASTIC 

BOILING water and food stains have but 
little effect on a new plastic molding 
material known as Melmac 1077. This 
melamine plastic, filled with alpha cellu
lose, is  designed for the production of 
tableware and similar forn�s. The molding 
powder or granule is avail able in a range 
of colors. 

HYDRA ULIC OIL SOLVENT 

A CONCENTRATED liquid known as Gum 
Solvent B has been developed for use 
in hydraulic installations. \;Yhen 3 to 5 
percent of the concentrate is added to 
the oil before draining, it is claimed 
that all accumulated gums and sludge 
will be dissolved. Thus when the system 
is drained, the hydraulic lines, valves, 
and other parts . of the mechanism are 
found to be clean without the necessity 
for a flushing operation. 

SAW·GUN 

A N ATTACHMENT for electric drills, 
flexible shafts, or air operated drills, 
which has recently been developed, makes 
it possible to convert such tools into 
portable power saws or files. 

The conversion is accomplished by 
chucking a reciprocating attachment into 
the drill or other power source. This 
attachment, which is prevented from 
rotating by being held in one of the 
operator's hands, converts the rotary 
motion of the primary tool into recipro
cating motion of the saw blade or file 
secured in a holder. It is claimed that 
this unit will save hours of work on 
panel notching, slotting, or other fabri
cating operations jll metals, plastics, 'Ply
woods, and other materials .  
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Don't Let Shortages 
Stop Your Experiments 

You Can ST I L L  Get LOW COST 
- L E N S E S-

New . • .  Finely Ground and Polished with Edges 
Very Slightly Chipped! 

P LUS F REE, Helpful Project SHEETS 
set # 101-8 "Our Advertising Special " 

15 Lenses for $ 1 . 60, Postpaid 
For Experimental Optrcs-, magnifying. making Galilean 
Telescopes, and for many uses in photography such 
as copying, ultra closeup shots, making telephoto 
lens, Kodachrome and Stereoscopic viewers, ground 
glass and enlarging focusing aids, etc. 

Set # 105-S " The Gadgeteer 's Delight " 
35 Lenses for $5. 00. Postpaid 

Contains all ' lenses in Set # 101-8 plus at least 20 
others of our more expensive lenses. 

Set # 1 10-8 " The Experimenter's Dream" 
70 Lenses for $10.00, Postpaid 

Contains all the lenses in the above sets plus 35 
others that make this a "sensational buy. " The 
variety of lenses -in this set will enable you to 
conduct countless experiments, and build many optical 
gadgets. Contains roany of the hard-to-get short 
focal length lenses. All our lenses are neatly packed 
and marked for diameter and focal length. 

Every person interested in telescopes, optics, photog
raphy, etc . ,  should have a set for present and 
future use, 

ORDER TODA Y-We ha",e no way of knowing 
how long our supply will last. 

SATISFACTION GUARANTEED 
Remember - Free Project sheets with _ Hints � 
Notes and Plans for Lens Experiments come with 
every set. 

DEPT 1 

Edmund Salvage 
COM PANY 

41 West Cl inton Ave. 
P. O. A udubon, N.  J. 

BUY more WAR BONDS! 

EARN MONEY ����Jl�� 
• No previous training or 
talent necessary. Unique 
Stuart System teaches you, 
by mail, in 10 simple, easy
to-follow lessons, to make 
excellent charcoal and oil 

likenesses. Detailed guidance for your 
every step. Send for free book today. 

STUART STUDIOS. Room 26 
1 2 1  Monument Circle Indiancspolis, Ind. 

Please send me free book and outlin-e- of less()ns. 

Name 
8Iroel __ ---------------

tJuv' ___ _ 
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TH E H EN RY SYSTEM 
Of Finger Print 

Classification 
and 

Identification 
is now in use by most 

of the Police Departments in the 
United States. It is also the system 
which applicants for many Civil 
Service positions must master before 
they can successfully fill aU require· 
ments. 

The only book based on the Henry 
System is Frederick Kuhne's 

UTH E FINGER PRINT 
INSTRUCTOR" 

In this 182-page book, written by a 
noted finger print expert who was 
for many years in the Bureau of 
Criminal Investigation, New York 
Police Department, will be found 
complete instructions on every phase 
Df the work from taking the prints 
to final identification. Numerous 
photographs and reproductions of 
prints make all details dear. 

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

$4.25 postpaid 
New 1942 Printing 

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

MAKE YOUR OWN 
TELESCOPE 
at a cost of less 

than $25. 

working from i nexpensive, 
prepared kits of glass, abra
sives, and p itch, and by fol
lowing the practical detailed 
Instructions in 

"AMATEUR 
TELESCOPE MAKI NO" 
This beginner's book, from which 

more than 25,000 telescopes have 

been made by amateurs, gives ele

mentary information on how to plan 

and build the mounting, how to 

arind, polish, and accurately shape 

the essential glass parts by hand. 

AU necessary data are presented in 

easily understandable form. 

Over 500 pages Profusely illustrated 
$4.00 postpaid, domestic $4.35 foreign 

SCI ENTIFIC AMERICAN 

24 West 40th Street, New York. N. Y. 
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H e li c o p t e r  P r o g r e ss  
Present Orders a n d  Futu re Possib i l ities Point  Towa rd 

a Ferti le  F ie ld for Rotating  Wi ng Aircraft 

A L E X A N D E R  K L E M I N  
Aviation Editor, Scientific American. 
Research Professor, Da·niel Guggenheim 
School of Aero·nautics, New York U niversity 

THERE IS immense interest in the heli
copter. Both American and B ritish 

naval authorities have announced that 
the helicopter will be used for protecting 
freighters against the submarine, and an 
order for 250 helicopters has been placed 
with Sikorsky Aircraft Corporation. The 
use of rotating wing aircraft for anti
submarine work was suggested in many 
quarters years ago, and it is pleasing to 
note that the cautious conservatism of 
naval authorities has now been overcome. 
In some respects a helicopter is better 
equipped to fight the submarine than an 
airplane because it can hover over the 
U-boat and drop depth charges with 1 00 
percent accuracy, and certainly the heli
copter is an aircraft which can utilize the 
landing facilities of the deck of a 10,000-
ton freighter with ease. 

Then we learn that Cargoes, Inc., a 
subsidiary uf the Lend-Lease Administra
tion, has placed an order for two heli
copters for the British Government (also 
for use with merchant ships )  with Fleet
wings, Inc., a plant which Henry J.  
Kaiser took over last winter. It is  under
stood that the Kaiser helicopter will be 
ready in a few months and that, if it is 
successful, a contract for large-scale pro" 
duction will follow. 

But it is not only for war purposes 
that the helicopter is likely to be useful. 
There is  an optimistic prediction by Mr. 
Sikorsky who thinks that speeds in ex
cess of 120 miles an hour can be obtained 
by the helicopter. 

"The helicopter wel l  may be expected 
to become a " ery popular type of aircraft 
extensively used by private individuals in 
a way similar to the automobile, and also 
by individuals and organizations for a 
great variety of business and commercial 
assignments," Mr. Sikorsky says. "The 
helicopter may be a vital factor in the 
period of demobilization of the aircraft 
industry after the war, permitting the 
utilization of facilities and the employment 
of a gradually increasing part of the 
trained personnel which will become 
available. It will make possible broader 
and better use of the territory of this 
country by opening for residence, recre
ation, prospecting, and development areas 
that now remain practically idle because 
of transportation difficulties. All this may 
be foreseen with eonfidence and I am 
convinced that within a decade after . the 
\var there will be hundreds of thousands, 

possibly a million, helicopters in actual 
use in this country." 

But there is a still more encouraging 
item of news in regard to the postwar 
utilization of the helicopter. Samuel J. 
Solomon, President of Northeast Airlines, 
one of the most energetic and far-sighted 
of the air transport operators has filed 
an application with the Civil Aeronautics 
Authority for permission to start a heli
copter service. This service would carry 
airmail and air express to and from the 
rooftops of over 400 post offices and rail
road stations in the six New England 
States and New Y'brk. The Northeast 
Helicopter System would augment the 
regular operations, and fly express not 
only between cities and towns, but from 
congested areas to the airports. Mr. Solo
mon became convinced of the enormous 
potentialities of the Sikorsky helicopter 
after witnessing several demonstrations, 
and is certain that his plan will be fol
lowed by every important airline in the 
country. 

FUSELAGE SANDBLASTING 

Used i n  Fabrication of  

Primary Train ing Plane 

NOT A deep sea diver, but a mechanic of 
the Boeing Airplane Company, who is 
sandblasting foreign particles from the 
hollow steel tubing which forms the 
fuselage of a Boeing primary trainer, is 
shown in the accompanying photograph. 

This biplane trainer, known to the 
Army as the PT - 1 7  Kaydet, and to the 
Navy as the N2S-3, has made quite a 
name for itself in \1[ orid War II ,  in 
which it occupies a position akin to that 

Sandblasting fore ign particles from 
fuselage frame of a tra in ing  plane 
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Auxil iary gasoline tanks are 

of the Curtiss "Jenny" in the First World 
War. 

The 7000th Kaydet recently was turned 
over to distinguished A.A.F. officers by 
a Boeing Company official. For primary 
training where low wing loading, stur
diness, and stability are more important 
than speed, the biplane has much to 
commend it.-A .K. 

FLIGHT TRAIN ING  

Speeded Up by 

New and Simple Method 

AN INTERESTING idea is being tried out 
for training students to fly the exceed
ingly fast Lockheed Lightning ; the 
single-seater fighter with two engines and 
two booms to support the tail. By remov
ing a good deal of the radio equipment, 
the student is able to sit in "pickaback" 
fashion behind the pilot's seat ; he is en
closed in the pilot's cockpit, his head com
ing close to the pilot's shoulder where 
he can see all instruments and controls. 
The Lockheed is fast and controllable and 
can be put through some wonderful 
maneuvers. It can even be maneuvered 
on j ust one engine, but it takes experience 
and skill to secure complete command 
of the Lockheed. The student flying im
mediately behind the instructor can learn 
in one hour what might take ten hours to 
absorb when practicing solo.-A .K: 

GASOLI N E  TANKS 

I ncrease Plane Range, Decrease 

Speed Only Slightly 

T HE STREAMLINED gasoline tanks, which 
are shown mounted under the wing of 
the Lockheed Lightning P-38 in one of 
our ill ustra tions, carry enough gasoline 
to double the normal range of this re
markable fighter. Yet, thanks to skilled 
aerodynamics, there is  a loss of only 4 
percent in the top speed. Doubling the 
range has obvious advantages when 
ferrying across the ocean, and in extend
ing the range of the fighter when protect
ing bombers. The addition of the tanks 
does not hinder the fighting character
istics of the P-38; since these auxiliaries 
can be dropped priQr to . combat 

Each tank qrries 1 65 gaJlons .of gaso
line, or 1 000 pounds . when full, but the 
weight of the tank itseJf is  only . 90 pounds 
in spite of the fact tl!1at , it is beautifully 
streamlined and that. a .streamlined shape 
does not have the maximum capacity for 

under the Lightn ing's wing 

a given weight. Hours of wind tunnel and 
static vibration tests went into the design. 
The tanks are very simply built in two 
half shells of "1010" body steel, .024 
inches thick. The rate of production is 
quite remarkable, as one tank is turned 
out every four minutes, and the cost is 
now under one hundred dollars. Clever 
spot and seam welding equipment, and 
conveyor methods in welding and as
sembly have facilitated production, with 
a regular sequence of operation on the 
conveyor line. Although space does not 
permit a description of the fabrication 
process, conveyor lines and production 
methods, once generally the prerogative of 
the automobile industry, have now been 
adopted, and even improved, in the air
craft industry. A recent visit ' to an air
plane plant has convinced us that miracles 
of production are being achieved by our 
aviation men.-A .K. 

WOODEN A IRCRAFT PROBLEMS 

Are Completely D ifferent 

from Metal Problems 

A GREAT deal has been heard by the 
public on the replacement of aluminum by 
wood, of the success of the Mosquito 
bombers (built of wood) flying over Germany, . and , the l ike. Yet, at the same 
time, wood structures have in the past 
yea.r acquired '�omewhat of a poor repu
tation , in statiC strel1gth tests. Is this 
because wood is unsuitable for large air
craft ' construction ? 

At a meeting of The Society of Auto
motive Engineers, Ivar C. Peterson faced 
the problem squarely, and discussed the 
various difficulties that have arisen. 

Woog is not an inorganic material like 
steel, but an organic one whose properties 
vary from log to log. Its strength proper
ties also vary with moisture, and this 
sometimes is not properly taken into ac
count. Moisture causes variation in 
strength, and also . produces shrinking and 
swelling. Metals, of course, present no 
such difficulty. 

Glued j oints naturally play a large part 
in aircraft construction and here there 
must be a sufficient spread of glue on 
smooth wood surfaces, and just the cor
rect temperature, pressure, and glue con
sisttiricy at the time pressure is applied in 
the .glue j oint. The gluing operations re
quire more skill and thought than riveting 
or welding in metal construction . .  Some
times is. it very tempting to use high and 
low density woods in combination, particu-
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larly in highly stressed points of the air
plane. But the elastic properties of high 
and low strength woods are different and 
troubles arise accordingly, owing to the 
elastic incompatability of the two woods. 
Other difficulties arise when there is a 
great stress concentration in the wood. 

Mr. Peterson's conclusion, and it i s  one 
with which we thoroughly agree, is that 
wood and plywood are perfectly suitable 
for aircraft construction ; if their use has 
caused any difficulties of late, these are 
due to the fact that detail design and 
handling have not been properly under
stood, and because wooden aircraft have 
been constructed by factories new to the 
airplane art. 

With all due precautions, and when 
construction is  in the hands of skilled or 
well trained new workers in wood, these 
difficulties wi11 largely disappear.-A . K. 

TIRE REMOVAL 

Made Easy by 

New Device 

OUR AIRLINES are beautifully organized 
and splendidly run, some of the success 
in this direction being due to the fact that 
conferences by mechanics are greatly en
couraged. A mechanic employed by 

Safety in a i rplane tire removal 

United Airlines, W. H. Pitts, was 
awarded several war bonds by the Uni,ted 
Airlines Suggestion Committee for the 
device illustrated in one of our photo
graphs. This is a tire-removing tool which 
has become standard equipment through
out the United system. The device, which 
consists of a steel frame and a hydraulic 
j ack, facilitates the removal of tires with
out damage to either tire or whee1.-A . K. 

GLIDERS 

Proposed to 

Assist Take·Off 

WORD comes from Washington of a 
patent granted to Vladimir S. Maka
roff in which it is proposed that a heavily 
loaded bomber or transport should be 
assisted off the ground by means of a 
glider fastened to its back. We have been 
asked whether the idea is  sound. 

It is plausible. When the powered air
plane and the glider are hitched together,  
they form a biplane of greater wing area 
than the monoplane which constitutes the 
powered plane. Since the glider can be 
light in construction for this specific pur
pose, it is  clear that the average wing 
loading of the combined craft will be low, 
and with low wing loading there should 
be a quicker, easier take-off. Of course, 
the glider has drag, and the mechanism 
locking the two together also adds drag 
and weight. Therefore, in spite of the 
plausibility of the idea, very careful 
atJalysis would have to be carried out 
before it could be accepted completely. 

Readers may remember the composite 
airplane invented and tried out ,by Maj or 
Mayo in England ; there is a certain 
resemblance beteeen the two ideas. But 
Maj or Mayo had a small, heavily loaded 
airplane mounted on top of a large one, 
so that the large airplane could help the 
overloaded smaller airplane get into the 
air. Of course, Maj or Mayo was also 
experimenting with assisted take-off, . but 
in his device each craft had its own 
power-plants. 

Assisted take-off has been suggested 
again and again in a variety of forms : 
compressed air catapult, powder catapult, 
winches and cables hauling a plane along, 
rocket or j et propulsion, have all qeen 
discussed as possible means. But none of 
them has been generally adopted, because 
the growing power of our engines has 
reached such a figure as to make assisted 
take-off unnecessary. Only for launching 
airplanes off the deck of a ship have cata
pults remained. But that does not mean 
that assisted take-off will not be with us 
sooner or later, at least for specialized 
purposes.-A.  K. 

DESIGN DETAIL  

Needed to  Keep Fighting 

Planes in  Trim 

I N A RECENT paper presented before the 
Society of Automotive Engineers, N. L. 
Kearney, Service Manager of Curtiss
W right Corporation, reminds us that only 
those airplanes can fight which are 
properly maintained and repaired. Mr. 
Kearney expressed hope that the design

' ers of our fighter airplanes will give 
greater thought to ease of maintenance, 
and to the problems of those men whose 
j ob it i s  to keep airplanes in flying and 
fighting condition. When the Army field 
mechanic finds that before he can remove 
and service a propeller speed governor, 
he has to remove the propeller itself at 
the cost of two or three hours extra time, 
his explosive language may well be for
given. A great deal of progress has been 
made from a maintenance point of view 
in recent years-fewer disconnections in 
removing a unit, fewer cowl fasteners, 
more quickly replaceable wing tips, and 
so on, have been introduced. 

Another important matter is  the thor
ough training of field personnel · in the 
proper servicing and handling of aircraft. 
Tools and spare parts are of the utmost 
importance and a lack of spares can keep 
a tremendous number of airplanes on the 
ground. -A, K. 
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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 
American when writing for any of the pub lications listed below. ) 

THE FIVE COMMERCIAL TYPES OF SYN-
THETIC RUBBER is a 40-page illustrated 

booklet designed to present a relatively 
brief resume of a comprehensive subj ect. 
The data presented will serve as back
ground material for understanding the 
general possihilities of various synthetics. 
United States Rubber Company, 1230 
Sixth Avenue, New York, New York.
Gratis. 

FLUORESCENT MAINTENANCE is a 20-page 
pocket-size pamphlet which shows, in il

lustration and text, how to get the best 
performance out of industrial l ighting 
systems which employ fluorescent tubes. 
Hints are given on trouble shooting and 
on checking lamps and equipment. Syl
vania Electric Products Inc., Salem, 
M assachusetts.-Gratis, 

BETTER BRUSH SPRINGS is a ten-page il-
lustrated catalog which describes the 

advantages of beryllium copper brush 
springs and their effect on small motor 
performance. Instrument Specialties C om
pany, Inc., Little Falls, New Jersey.
Gratis. 

INDUSTRIAL FORMS is a .  12-page booklet 
illustrating and describing a number 

of forms which have been specifically 
designed to aid in recording data ob
tained as a result of time and motion 
studies, operation analyses, production 
control, and so on. Methods Engineering 
Council, Wood and Franklin Streets, 
Pittsburgh, (21),  Pennsylvania.-Gratis. 

VARIABLE SPEED TRANSMISSION is a 1 6-
page illustrated catalog describing a 

variable speed mechanism and gear re
ducer built in a single compact unit. 
These transmissions meet the many im
portant requirements for accurate variable 
speed control of industrial machines. Re
quest Catalog TR-432. Reeves Pulley 
Company, Inc., Columbus, Indiana.
Gratis. 

BATTLENECKS is an elaborately produced 
pamphlet printed in many colors-in

cluding metallic inks-which tell s  the 
story of materials, machines, and men in 
their relation to industrial production for 
war. Designed to encourage and speed 
operations on the production front. Major 
General T. J. Hayes, Jr., Chief of Indus
trial Division, Ordnance Department, 
Pentagon Building, Washington, D. c.
Gratis. 

LUCITE MANUAL is a 126-page pocket size 
book describing various general methods 

of fabricating Lucite methyl methacrylate 
resin which have been found satisfactory 
in industrial operation. Information is 
given on the chemical, physical, and 
mechanical characteristics of Lucite, care 
and handling, machining, shaping, finish-

ing, and so on. E. I. du Pont de Nemours, 
624 Schuyler Avenue, Arlington, New 
J ersey.-Gratis. Request this book on 
your business letterhead. 

TIMBER CONNECTORS is a four-page folder 
which describes a type of split-ring 

timber j oint connector now being satis
factorily applied in various types of struc
tures. Specifications are given on the 
kinds and on methods of application. 
Carlson Building Specialties, 3234 West 
31st Street, Chicago, lliinois.-Gratis. 

SOUTH BEND LATHES ( Catalog IOO-C)  
is  a 48-page brochure illustrating and 

describing in detail the entire l ine of 
engine lathes, tool room lathes, and tur
ret lathes manufactured by this one com
pany. Specifications are tabulated to fa
cilitate consideration of the lathe needed 
for any desired application. South Bend 
Lathe Works, South Bend, Indiana.
Gratis. 

How "CATERPILLAR" HELPS FIGH
'
T 

WORLD WAR II is a 56-page story, 
mostly in pictures, of the work which this 
type of prime mover is doing in all phases 
of wartime operations, from the con
struction of airports and other engineer
ing proj ects to the actual movement of 
men and materiel . Caterpillar Tractor 
Company, Peoria, lliinois.-Gratis. 

CALIFORNIA REDWOOD-ITS PROPERTIES 
AND USES is a colorful four-page cir

cular discussing the physical , mechanical, 
and chemical properties of this wood. 
California Redwood Association, 407 
Montgomery Street, San Francisco, Cali
fornia.-Gratis. 

SPECIAL COATINGS AND CEMENTS is a 
folder describing a number of adhesives 

and coatings which have been satisfac
torily tested for actual production

' 
re

quirements. Uses for these materials 
range from barrage balloon cementing 
to shoe lace tip's, j ungle tents, and rubber 
mats. Union Bay State Company, 50 
Harvard Street, Cambridge, M assachu
setts.-Gratis. 

THE STORY OF STEINMETZ is a short il-
lustrated biography of Charles Proteus 

Steinmetz, the great mathematical wizard 
of electrical engineering whose work 
helped to make possible a great industry 
of today. Bulletin GEB-104B. Publicity 
Department, General Electric Company, 
Schenectady, New Y ork.�Gratis. 

PLASTIC PARTS FOR WAR PRODUCTION 
is a folded sheet showing examples of 

plastic parts made to order and to close 
tolerances through new fabricating tech
niques which eliminate the use of expen" 
sive molds. Creative Plastics Corpora
tion, 963 Ken t Avenue, Brooklyn, New 
Y ork.-Gratis. 

TUBE PICTURE BOOK consists of 16 large 
( 1 7  by 22 inches ) pages contammg 

eight charts which show structural de� 
tails of representative receiving, trans
mitting, cathode ray, and special .vacuum 
tubes. Distribution limited to United 
States and Canada. RCA Victor Division 
of Radio Corporation of America, Harri
son, New Jersey.-Ten Cents. 
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T E L ESCO PT I CS 
A Monthly Depa rtment  for the Amateur Telescope Maker  

Conducted by  ALB E RT G. I NGALLS 
Editor of the Scientific American books "Amateur Telescope Making" 

and / I  Amateur Telescope Making-Advanced" 

THIS M O N T H ,  let's turn over the meet
ing to the math sharks. For the rest 

of us, what follows may have to be taken 
in low gear. 

In this department in September, 1 942, 
Capt. Alan E. Gee described his solution 
of the old problem of testing a Casse
grainian secondary. He proposed to grind 
and fi ne-grind the convex mirror to a 
sphere ; then set it aside and polish, or 
partly polish, the concave tool ; next, fig
ure this concave tool to the required hy
perboloid, using the formula at the top 
in Figure 1 with the Foucault test. 
Finally, figure and test the convex; against 
this prepared concave by means of inter
ference fringes. 

Commenting on this proposal, F. A. 
Lucy, 3427 W. Penn St., Philadelphia, 
Pa., writes : "Capt. Gee's method of figur
ing a Cassegrainian secondary, appears 
to be the best yet offered, and deserves 
all the emphasis that can be given it. 

"Hindle's test for an hyperboloid 
( 'A.T.M.' Part X) has advantages over 
Ritchey's autocollimation method : it 
shows more of the mirror surface and is 
less troubled by diffraction effects. 
Further, there is  only one auxiliary sur
face instead of two. Gee's test has the 
same advantages more strongly : it shows 
all the mirror surface, is still less troubled 
by diffraction, and uses no auxiliary sur
faces, except insofar as the test-plate is 
considered one. 

"It is true that the tests of Hindle and 
Ritchey employ a double reflection from 
the mirror, thus doubling the sensitivity, 
but a test-plate set up for Gee's test will 
be much closer to the knife-edge and, 
therefore, will have a larger apparent 
angular diameter. 

"Geometrically, then, the tests are about 
equal in sensitivity but, as a matter of 
psychology, it is easier to j udge contrasts 
in a large field. 

"On the whole, finally, Gee's method ap
pears to be capable of yielding the most 
accurate results of any. 

"In like manner, an ellipsoidal mirror 
( for example, a Gregorian secondary ) 
will appear more than twice as large when 
set up for c. of c. testing as when set 
up for the direct focal test-again with 
the least possible trouble from diffraction. 
Because of its greater speed, the direct 
focal method might be preferable for pre
liminary figuring, reserving the zonal 
survey for final work. 

"\Vith regard to the application of 
this test to convertible telescopes, a com
pound telescope is generally made with a 
paraboloidal primary of fairly large focal 
ratio, so that it  may be used at the primary 
focus when desired. For looking at lunar 
or planetary detail, or for resolving close 
stars, the compound system is, however, 
preferable. The necessary high magnifica
tion can be obtained by using a short-focus 
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paraboloid and a sufficiently small eye
piece ; but if the latter has a Ramsden 
disk less than 2mm in diameter, the re
solving power of the eye is reduced, and 
the use of still smaller eyepieces will 
give less detail rather than more in the 
image. It  is better to use an obj ective of 
long focal length. If compactness is  to be 
maintained, the Cassegrainian arrange� 
ment is generally considered the best way 
of doing this.  

"\Vhile the classical Gregorian arrange
ment is less advantageous than the Casse
grainian, an (,ff-axis Gregorian would be 
superior in at least one way to an off-axis 
Cassegrainian. In the Gregorian, the 
active part of the secondary will be be
low the axis when the active part of the 
primary is above. Thus the primary can 
lie very close to the axis with no shadow
ing at all by the secondary. An off
axis Gregorian, indeed, can be made even 
closer to the axis than can an analogous 
Newtonian ; thus securing the advantages 
(A.  A. Michelson, Physical Review, 20, 
391 [ 1 905] ; N. ].  Schell, Sci. Am. Tele
scoptics, April 1 939, May, 1940) of this 
type ( no shadowing, minimum diffrac
tion ) with the least extreme focal ratios 
and least difficulty in figuring. Inciden
tally, Gregory's original design has the 
eyepiece a considerable distance behind 
the primary, with a tube long enough and 
narrow enough so that direct sky light 
is kept from striking the eyepiece : the 
secondary shades it. This detail usually 
appears to be neglected in diagrams of the 
Gregorian construction. 

"It follows that the convertible telescope 
of best performance would be an off-axis 
Gregorian with paraboloidal primary ; 
although it would be easier to figure an 
on-axis Cassegrainian. In either case, the 
equations of Selby and Gee offer the best 
guide to the fi guring ( see below ) ."  

\Vhen Capt. Gee first  offered his  data 
he included a mathematical proof, but 
this was not published-complicated ' for
mula matter is difficult to set correctly in 
type. Now comes Lucy with a condensed 
derivation, which follows. In it, the num
bers in parenthesis refer to the numbered 
equations in Figure 1, written out by 
Lucy and reproduced by line-cut ( one way 
to get around the above problem, math
ematician-compositors apparently hav
ing all marched off to war ) .  Lucy states : 

" From a text on analytic geometry, one 
sees that, measured from the center of 
an hyperboloid, the % intercept of the 
normal is ( l ) ,  where (%2, Y2 ) is the zone 
on the test-glass through which the nor
mal passes. The fundamental equation of 
the hyperbola is (2 ) . 

"Substituting ( 2 )  in ( l )  gives an 
equation for the intercept as a function 
of the zonal radius Y2. In discussions of 
mirrors, Y2 is usually called r, and win be 
below. As design constants, it is con-

venient to use, not the semi-axes a and 
b, but p and p', the latter two being re
spectively the distances from the second
ary vertex to the primary focus and to 
the focus of the combined mirrors. 

"By construction, (3) follows : 
"Referring again to a text on analytic 

geometry, one sees that a2 + b2 is  the 
square of the distance between the center 
and a focus. By construction, and with the 
use of (3 ) , we have (4 ) . 

"With these substitutions, Capt. Gee ob
tains an equation for the radius of curva
ture ( in the sense of the Foucault test ) . 
Going a step further, one may subtract 
Ro=2p'p/ (p' - P ) ,  the radius of curva
ture for the central zone. Reduction gives 
directly the knife-edge displacement for 
the zone of radius r (5 ) .  

Figure 1 :  Derivation form ulas 

"This is for use with a testing set-up 
in which light source and knife-edge move 
together. If the knife-edge moves while 
the light source is  stationary, the dis
placements are doubled, and the 2 in the 
denominator of ( 5 )  should be cancelled. 

"H. H. Selby ( 'A.T.M.A., '  p .  134)  has 
already given the corresponding equation 
for an ellipsoidal mirror. His equation 
may be derived by the process j ust de
scribed, using the ellipse analogues of ( 1 ) ,  
(2 ) , and ( 3 ) . The foregoing equations are 
all exact." 

Subsequent to receipt of the above note 
by Lucy, there came from Captain ( now 
Maj or ) Gee, Corps of Engineers, APr  
702, care of Postmaster, Seattle, \VasL, 
the following communication. 

"In the June, 1938, number of Scientific 
American, Kirkham furnished equations 
and dope concerning the construction of 
Cassegrainians with spherical secondaries 
and modified primaries of predetermined 
amount of spherical aberration to match. 
MacIntosh, Conner, and I applied this 
method to the zoY;; " telescope we made in 
Portland, also to a lZ Y;; " telescope now 
being completed there. On both of these 
telescopes I am interested in making high-
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magnification secondaries to use alter
nately with the 3 X secondaries for which 
both instruments were designed. With 
this in mind, I have worked out the neces
sary math to determine difference in 
radii of curvature of the zones of such a 
secondary, as measured by the King test 
or on the polished tool ( for test of the 
convex by interference fringes ) .  My equa
tions are general and simple, so the dope 
may be of use to other A TMs who de
sire alternate secondaries for their modi
fied Cassegrainians. 

"Let a, be the spherical aberration of 
the primary ( this would have been de
termined by Kirkham's equation when 
designing the original telescope ) ;  r, the 
radius of the new secondary to the margin 
of the area reached by light incident 
parallel to the axis ; p ' the distance from 
new secondary to secondary focus ; and 
p the distance from new secondary to 
prime focus. Then 

"R = ( 2p'p ) / (p '-p ) = radius of cur
vature of new secondary ( actually R of 
central zone) and a2 = [ ( R � p' ) 2  
I ( R  + 2p' ) 2 ]  r� R. ( The formulas are 
recast somewhat to permit them to be set 
on a linotype machine.-Ed. ) 

"Desired knife-edge movement between 
edge zone and central zone of new sec
ondary then is d' = il a R'I p', where 
ila = a, - a2. 

"The above equations are all derived 
for direct substitution of absolute val
ues. In other words a" r, p', p, R, and a2 
are all positive values. 

"If a, is greater than a" edge zone will 
have shorter R than center zone. If a, 
is less than a2, edge zone · will have longer 
R than center zone. 

"Derivation assumes a stationary pin
hole and moving knife-edge or grating. 

"For intermediate zones, measured cor
rection is proportional to square of the 
radius of the zone ; that is, for a zone 
half way between center and edge, one 
fourth of the correction, d' 14, would be 
applied. 

"The curve on these secondaries would 
approximate an oblate spheroid on sec
ondaries smaller than the one for which 
the primary was designed, and a prolate 
spheroid for secondaries larger than the 
original. 

"The above method could be applied to 
make a secondary for a Cass with spheri
cal primary. In that case a, = r2/4R, 
where r i s  the marginal radius of primary 
and R the radius of curvature of primary. 
Secondary would approximate an oblate 
spheroid. 

"It is  actually possible to make a prop
erly corrected telescope with both primary 
and secondary spherical but, unfortunate
ly, the proportions are highly impractical. 

"Here is one more suggestion. Some 
ATMs who have conventional f/8 or 
f/l O  Newtonians could convert them 
into RFTs by making a concave second
ary for them to be placed inside focus. 
For a paraboloidal primary, the sec
ondary hyperboloidal and the various 
knife-edge readings would be given by 
the equation I furnished in the Septem
ber, 1 942, number ( first equation, Figure 
1 ) .  For this special case, p' would be the 
distance from secondary to prime focus,  

and p the distance from secondary to 
secondary focus ( j  ust the reverse of the 
usual Ritchey notations ) .  R = ( 2P'p )  
/ ( P '  - p )  would still give the radius of 
curvature. 

"If it were desired del iberately to in
troduce spherical aberration to correct for 
RFT eyepiece aberration, as suggested by 
Kirkman, my equation d' = ila R2 / p2 

would give the change in zonal readings to 
be applied to the readings for the exact 
hyperboloid. This additional ila would 
equal the desired aberration in that case. 
Care should be taken to see that the cor
rection is  applied in the right direction." 

Maj . Gee's comments were next shown 
to Lucy, who then added : 

"His equation for the hyperboloid to be 
used with a given paraboloid is exact ; 
whereas the corrections in the modified 
cases are approximate. For that matter, 
Kirkham's equation is also approximate, 
as Kirkham himself made clear. The ade
quacy of the approximation depends on the 
size of the telescope, the focal ratio of the 
elements used, and on the severity of the 
selected tolerances. A modified telescope, 
made precisely to these equations, might 
require further correction by the aid of 
optical tests on the assembled instrument. 

"I should be interested in hearing how 
these modified Cassegrainians actually 
perform when first assembled, especially 
when they are made to the extreme spe
cifications of the \Valkden RFT ( "one
gallon" Cassegrainian) ." 

By accident, your scribe has j ust dis
covered that Lucy is the author of a two
part, eight-page article entitled "Exact 
and Approximate Computation of Schmidt 
Cameras," Journal of the Optical Society 
of America, June 1 940 and May 1941 .  
In this two-part article, the first  half dis
cusses the Schmidt design in a mathe
matical manner, while the second part 
discusses several modifications : a reversed 
plate Schmidt, solid Schmidt, thick-mir
ror Schmidt. Your scribe is collecting 
names of A TMs who go in for the math 
stuff. Such a group might become a sort 
of "Design Club," not formally organized 
but at least kept in closer mutual touch 
than at present, simply by being made 
known to each other. 

ATMs H AVE asked this department 
about the content of some sets of 

salvaged lenses advertised elsewhere 
( page 275 ) in the June number. The 
Edmund Salvage Co. kindly gave us the 
requested data and a 70-lens set for in
spection. The first set contains two 
lenses, 3 1mm diameter and 92mm f.l . ; 
two 33 x 221 ditto ; two 37 x 393 ditto ; 
two 42 x 152 ditto ; two 18 x 50 bicon
vex ; two 17 x 58 plano-concave ; two 
14 x 35 ditto ; and one 14 x 33 biconvex. 

The second set contains all of the 
above, plus one each of : 9 x 36 ; 12 x 
46 ; 16 x 238 ; 1 7  x 92 ; 24 x 92 ; 28 x 99 ; 
28 x 136 ; 3 1  x 127 ; 3 1  x 1 52 ; 42 x 1 74 ;  
42 x 201 ;  49 x 238 ; 54 x 201-all plano
convex. Also three biconvexes : 16 x 50 ; 
22 x 45 ; 22 x 53 ; four plano-concaves : 
12 x 148 ; 13 x 34 ; 13 x 55,  and 24 x 148 ; 
two biconcaves : 19 x 30 and 19 x 50 ; and 
three menisci : 10 x 5 1 ; 28 x 120 and 33 x 
120. 
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CO M P LETE H I G H ·GRA D E  KITS 
O U R  S P EC I A LTY 

Each kit  has two glass discs 
( correct thickness ) tempered 
pitch, 8 assorted abrasives 
( fewer may not give perfect 

optical surf ace ) ,  rouge, in· 
structions, FREE ALUMI. 
NIZED DIAGONAL, et.c. 

POLISH I N G  and 
PARABOLIZI NG 

MIRRORS, all sizes made to order. 
4" Kit 
6" Kit 
8" Kit 

1 0 "  Kit 
1 2 "  Kit 

$2.95 ( Pyrex, $4.00 ) 
3.75 ( Pyrex, 5 . 5 0 )  
6.50 ( Pyrex, 8.00 ) 
9.95 ( Pyrex, 1 3 .95 ) 

1 4.75 ( 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 produces a lasting and superior re
flecting surface. Guaranteed not to peel or blister. 

6" . . . . . . . . . . . . . . . . . . . . . .  $2.50 
8" . . . . . . . . . . . . . . . . . . . . . .  $3.50 

1 0" . . . . . . . . . . . . . . .. . . . . . .  $5.00 

Mirrors for Cameras, Range Finders and 
other optical instruments. 

Write for FREE ILLUSTRATED CATALOGUE 

T H E  PRECIS ION OPTIC A L  CO. 
1 00 1  East 1 63rd Street, New York,  N .  Y. 

TELESCOPE 
MAKERS 

Quality materials of the RIGHT kind. 
6" Kit : -Glass , abrasives, pitch, rouge, and. 
instructions . . . . . . . . . . . . . . . . . . . . . . . . . . . .  $5.00 
H O B BY G R A FS- I N FO R M ATI 0 N - I  NSPECT I O N  
We offer you the benefit o f  our 2 4  years 
of experience at this hobby. Send for frpe 
price list. 
John M. P ierce, 11 Harvard St., Springfie ld ,  Vt. 

REFLECTING TELESCOPE KITS 
OUR SPECIALTY 

(Send for our NEW, ENLARGED, and ILLUS. 
TRATED catalogue, ) 

M. CHALFIN 

G.P.O. Box 207, New York, N. Y. 

ACROMATIC LENSES 
A limited number of acromatic lenses of the 
following sizes, suitable for RFTs. ' collimators. 
telescopes. acromatic condensers. etc. are avail
able while they last. 
1-1 1 / 1 6 "  diam. 2-3/ 16" diam. 2 1/�" diam. 
20" fl . -$5.00 ea. 5 �2" fi. -$4.50 ea. 6��" ft . -$5.00 ea. 

4�4" " - 4.00 " 8%" " - 6.00 " 
5�4" " - 4.00 " 101/�" " - 7 . 0 0  " 
5 �2" " - 4.00 " Due pair simple lenses for 

2 1,4" eft. Huygenian eyepiece 
(field lens }l,�" diam . )  $2.00 pro 

ALUMINIZING AS USUAL 

LEROY M. E. CLAUSING 5507 Lincoln Ave., Chicago, I I I .  

3D·POWER TELESCOPE 
KERN (Swiss J W YE LEVEL 

( I NVERTED ) 
• 14" long. finest Acromatic objective, 

1 5/16" dia. 
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• 5" graduated level , vial. 
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minutes ; micrometer adjustment and 
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screw.s. Sun shade & dust cap. & case. 
• Tripods $10 extra. 

These Are New Instruments-Never Used! 
Remit with ' order. - Shipped Express Charges Collect. 
Only 18 left! These will :go fast. FiTst come, 
first served! HDoubting Tho-mase5�' send l O¢ lOT 
d escripti'JIe. , photos. 

HA.RRY RO· SS Sc ient ific & L�boratory AppaJ'atus 
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the answers 
to all your 

questions 
about this vital and absorbing subject 

F I R ST PR I N C I PL E S  
OF RADIO 

COMMU N ICATION S 
By Alfred Morgan. A complete, prac
tical course for home study-an in
valuable handbook for constant refer
ence. 

It will prove its value to you each time 

you come up against a problem in

volving radio practice. And it is so 

planned that reference ' to it is always 

quick and easy. The table of contents 

includes chapters on Static Electricity, 

Current Electricity, Magnetism, Con

ductors and Insulators, Condensers, 

Electron Tubes, Radio Receivers, Radio 

Transmitters, Keying and Modulation. 

Get your copy today. At all bookstores. 
$3.00. 

Or write to the publishers 

D. APPLETON-CENTURY COMPANY 
35 West 32nd St., New York 

----------------
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THE ENGINEER'S SKETCH·BOOK Of 
MECHANICAL MOVEMENTS 

Iy Thomas W. larller 

N O W  
$2.1 0 

Not a treatise on ma
chine design nor an 
instruction book on 
construction, but an 
imposing omnium gath
erUin of classified 
drawings in truly as
tonishing number and 

variety (2987 of them) of basic 
elements of mechanical and struc
tural composition from which to 
select the various details required 
to build up a given piece of mech
anism. It has had a long and wide 
sale. 

Formerly $4.25 list. Now $2. 10 
Postpaid 

Order from SCIENTIFIC AMERICAN 

24 west 40th St., New York, N. Y. 

O u r  B o o k  C o r n e r  
T H E  BOOK D EPARTM E N T  of Scientific American is  conducted, with the 
co- operation of the Ed itors, to make avai lable fo r  you a comprehensive book 
service. Each month the Ed itors select and review i n  these columns  new books 
in  a wide range of scientific and tec h n ical fields. I n addition, they are ready 
a t  all t imes to advise you regarding the best available books on any sub
ject. You a re i nv ited to use this service freely. Tel l  our  Book Department 
what k ind  of books you want and you wil l  be  furn ished with the names of 
available books, including pr ices.  When inquir ing a bout books, please be spe
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FOR THE PERMANENT VICTORY 

By Melvin M .  Johnson, Jr. and 

Charles T. Haven 

A DISCUSSION of the future, based on the 
past, from the standpoint of America, 

as the arsenal of peace. Not a complaint, 
but a constructive analysis on which a 
safer, better future can be built. After 
describing America's military strength 
and weaknesses in all her wars, a future 
plan is outlined. This emphasizes that, 
without becoming a militaristic nation, we 
should ever maintain a nucleus of modern 
war industries and a corps of trained men 
to operate them. Ably written by two men 
who know armament : The first is a Cap
tain in the United States Marine Corps 
Reserve and inventor and producer of the 
Johnson light machine gun and Johnson 
Automatic Rifle ; second is co-author of 
"History of the Colt Revolver" and other 
books on firearms. ( 246 pages, 5 by 8 
inches, illustrated. ) - $2.60 postpaid. -
A . D . R . , IV. 

DICTIONARY OF SCIENCE 
AND  TECHNOLOGY 

By Maxim Newmark, Ph.D. 

H
ELP for translators of scientific and 

technological English, French, Ger
man, and . Spanish. Author is in the 
Department of Modern Languages at 
Brooklyn Technical High School, also 
does professional translating. Coverage 
embraces 45,000 terms in machine shop 
practice, foundry, electrical physics, radio, 
aeronautics, architecture, surveying, auto
mobiles, meteorology, navigation, photog
raphy, and others, and each English term's ' 
equivalent is given in three other tongues 
including the American. There also are 
indexes for French, German, and Spanish 
technical terms. ( 386 pages, 6 by 9 
inches. ) -$6. 10  postpaid.-A .C.I. 

CALCULUS MADE EASY 

By Silvanus P. Thompson 

C LASSIC work, published early in the 
century, long out of print and now 

fortunately reprinted to meet current de
mand for a mathematical crutch book. 
The famous scientist author wrote : "Be
ing myself a remarkably stupid fellow, I 
have had to unteach myself the difficulties, 
and now beg to present my fellow fools 
the parts that are not hard. What one 
fool can do another can." He removed the 
pretentious terminologies from the old
fashioned textbook treatment and the book 

was immediately successful. Now again 
available to lonely sufferers with calculus. 
Pre-requisites : Algebra, geometry, trig
onometry. ( 3 10  pages, 4% by 6% inches, 
69 £gures. ) -$2. 10  postpaid.-A .C.I. 

GUN DOGS AFIELD 

By Horace Lytle 

ANY "DOG BOOK" by this author should 
need no introduction-its mere men

tion, as a product of this writer, will high
ly recommend it to all who, for years, 
have known his writings, both in other 
books and as Gun Dog Editor of Field & 
Stream. With the typical Lytie touch, 
this publication speaks eloquently of what 
is deep in the heart of every true hunter. 
Superb drawings by Lynn Bogue Hunt. 
(277 pages, 6 by 974 inches, 30 illustra
tions. ) -$5. 1 0  postpaid.-A .D.R., IV. 

FROM COPERNICUS TO EINSTEIN 
By Hans Reichenbach 

H
ISTORY of ideas and discoveries con

nected with the relativity theory. 
Short chapters on the Copernicus world 
view, the old ether concept, special and 
general relativity, space and time. ( 123 
pages, 6 by 974 inches. 1 1  illustrations. ) 
-$2. 1 0  postpaid.-A .C.I. 

AMERICAN SHIP  MODELS 

By V. R. Grimwood 

P
LANS FOR such picturesque crafts as a 
gundalow, anchor boy, bogeye, brig of 

war, ship sloop, privateer ship, Chesa
peake skipj ack, and whaling scow, and 
Colonial fishing schooners. Excellent in
struction and reference for builders of 
ship models, with chapters on : Construc
tion of a Half-Hull Ship Model ; The 
Building of a Whole-Hull Model ; Twelve 
American Sailing Vessels ; Rigging ; 
Gear and Furniture ; Tools and Materials ; 
and appendices on Recommended Read
ings for Ship-Model Builders, Glossary, 
and Index. ( 187 pages, 774 by 10 inches, 
with 14 diagramatic plates. ) -$6. 1 0  post
paid.-A. D. R . . IV. 

FUN WITH YOUR MICROSCOPE 
By Raymond F. Yates 

P
RACTICAL book for beginners using the 
inexpensive ($2.50 to $50.00) non

professional instruments of 100 or 200 
powers, nowadays seen in store windows. 
It explains microscope principles and tells 
how to make a small water-drop micro
scope ; how to find, prepare, and mount 
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specimens ; how to make photomicro
graphs and micro-proj ectors ( hdme-made 
apparatus ) ; and, in general, how to get 
started simply and inexpensively by mak
ing one's own accessories. Short but all
around. ( 1 50 pages, 5 by 70 inches, 72 
illustrations. ) -$2. 1 0 postpaid.-A .G.I. 

JULES VERNE 

By George H. Waltz, Jr. 

L IFE story of an author who needs no 
introduction to readers older than 

about 35. Contains a list of the "Extra
ordinary Voyages" ( story titles ) 1863-
1 905. How many of these stories did you 
once read, and how would you like to 
read them again ! ( 223 pages, 50 by 
8;4 inches, 12 illustrations. ) -$2.60 post
paid.-A . G.I. 

EXCERPTS: INTERNATIONAL CODE 
OF SIGNALS 

W ITH SPECIAL Navy flags and pennants, 
in color, this is the standard guide in 

meeting signaling requirements of Li
censed Deck Officers' examination and 
qualifications as signalmen. Contains sec
tions on general and Morse methods of 
signaling ; flag, flashlight, and sound sig
nals ; the semaphore alphabet ; sample 
pages from the Berne List, Lloyd's Regis
ter of Shipping ; signal letters of the 
United States Merchant Marine, call let
ters, ship's name, particulars of classifi
cation, ownership, and other data. Invalu
able for men in Navy, Coast Guard, or 
Merchant Marine service ; an excellent 
reference. Paper covered. ( 88 pages, 50 
by 80 inches. ) -$.55 postpaid.-A . D. R.  

RED CROSS HOME N U RSING 

By Lona L. Tro«, R. N., B. S. T HE American Red Cross standard text
book. Most recent of numerous editions 

and the result of much experience. (431  
pages, 5 by 7:l4 inches, illustrated. ) -$.70 
postpaid, paper. $1 .20, cloth.-A .G.I. 

M IRACLES OF M ILITARY MEDICINE 

By A lbert Q.  Maisel 

A BOUT the drugs, devices ,  and tech
niques used in the services. Shock, 

the ex-killer ; Dr. Trueta's closed plaster 
treatment of compound fracture ; _ Dr. 
Moorhead's electric bullet locator ; new 
treatments for burns ; plastic surgery for 
the defaced ; toxoids for tetanus ; brain 
surgery ; atabrine for malaria, sulfa 
drugs ; new magic of local anesthesia ; 
flying doctors. A popular account. ( 373 
pages, 50 by 80 inches, unillustrated. ) 
-$2.85 postpaid.-A .G.I. 

THE HORMONES IN HUMAN REPRODUCTION 

By George W.  Corner 

BASICS of human reproduction, with a -
comprehensive account of the nature 

and function of hormones in its processes. 
This is  not, however, one of the current 
sexology books ; rather it is a book for 
those interested in the reproductive phen
omena of the organism as biology. The 
treatment would be light reading for 
biologists ; normal reading for others 
having studious habits ; a bit hard going 
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The 
Editors 
Recommend 
B e s t  S e l l ers in Science 
PLASTICS - B y  1. 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. $3.10 

EXPERIMENTAL ELECTRONICS - By Ralph 
H. Mulier, R. ,L� Garman, and M. E. Droz. 
A solid book of 'eminently practical information on 
tke characteristics and Don�communication applica
tions of electron tubes. The text describes experi
ments and presents results. For students, radio 
engineers, , communications experts, and the serious 
general 'r-eader. $4.75 

HOW TO READ ELECTRICAL BLUEPRINTS -
By Gilbert JI. 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 
station blueprints. $3.10 

GET TOUGH ! - By Capt. W. E. Fairbairn. 
How.to.win.in.hand-to.hand·fighting directions, by a 
man who really knows rough-and· tumble methods 
that are not "clean" fighting but are designed to 
-. p� 

A COMPREHENSIVE S�IALL ARMS MANUAL -
By Charles T. Haven. Prepared to acquaint State 
<;,;uards, Regular Police Depts., Coast Guard Auxil
iaries, Plant Guards, Auxiliary Police Depts . ,  and 
civilians with the operation, care, and limitations 
of weap ons at present available for these types of 
defense and protective units. Discussion of all types 
of military and sporting rifles, Iilhotguns, submachine 
guns pistols, and revolvers, as wen as their care, 
u s e, and ammunition . $1 .60 

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 houlin, and manufacturiD& 
problems. $2.50 

FUNDAMENTALS OF RAD I O  - By Jordan, 
Osterbrock, Pumphery, and Smeby. With this 
one volume alone, and with lome diligence of applica· 
tion, it is p ossible to obtain a thorough grounding 
in radio principles. In thoroughness of treatment. 
with due resp ect for the needs of the reader, this 
llOOk is outstanding. $5.10 

POPULAR MATHEMATICS - By Denning Miller. 
Anodyne for thos-e who have mathematical indiges' 
tion. Ground treated is arithmetic, geometry, algebra, 
analytical g eometry, trigonometry, conic sections, 
solid geometry spherical trigonometry, calculus. The 
coverage is not c omplete ; it is rather, a c ollateral 
b ook-and good frien d .  $3.85 

ELEMENTS OF ORDNANCE - A textbook pre· 
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 Ellis 
Irvin. - All types of. instruments for air,craft use de
acribed for students; pilots, inspectors. Fundament.als, 
Instructiont. $5. 10 

PLANE TIUGONOMETRY ;\IADE PLAIN - by 
Albert B. CarlSon. The emphasis in this b ook, by 
an author who has tried t o  make the subj ect as 
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 

MACHINERY'S HANDBOOK-Eleventh Edition. 
uBible of the m echanical industry , "  enlarged to 
1815 pages of latest standards, data, and information 
required daily in the shop and drafting room. 

$6.10 
PROCEDURES IN EXPERIMENTAL PHYSICS -
D:r John Strong, Ph.D. A wealth of useful data of 
a practical kind for the c onstructor, experimenter, 
and 'skilled craftsman. $6.80 

STEEL SQUARE POCKET BOOK - By Dwight 
L. Stoddard. Practical methods of using the car· 
penter's steel square , ' for , layout work of a)l kinds. 
Time· tried methods- used by two generations , of car· 
penters and found both rapid and accurate. 51 .00 

NORTON'S STAR ATLAS AND TELESCOPIC 
HANDBOOK - By Norton and Inglis. An old 
standby ,and most com�only used atlas for telescopes 
without setting circles. 18 maps and 65 pages of 
c ompact notes and tables. $5.00 

WORKING WITH THE MICROSCOPE - By 
Julian D. Corrington. For the serious beginner. 
Explicit, practical. $3.60 

TOOL' MAKING - By C. B. Cole. In'Structions for 
making and using all kinds, from p ersonal tools to 
arbor presses, lathes, planers, etc. , in different metals. 

$3.60 

THE ELECTRON MICROSCOPE - By Burton 
and Kohl. A well·written account of this newest 
tool of science, with all technicalities explained for 
c omplete understanding by average p ersons. $3.95 

ENCYCLOPEDIA OF KNOTS AND FANCY ROPE 
WORK - By Granmont and Hensel. More knots 
are described in this remarkable book than in any 
book on sea�anshjp ever published or dreamed of. 
3257 knots are illustrated in half· tone reproduction 
and are described in the test. " $5.10 

PLANT PROTECTION - By E. A. Shurman. 
All information necessary for those who would es
tablish or belong to a plant protection group.  

$2.10 

A MARRIAGE MANUAL - By Hannah M. Stone, 
M.D., and Abraham Stone., M.D. A practical 
guide to sex and marriage, cov�ring fitness for mar· 
riage, mechanism of reproduction, prevention of con
c eption, and similar vital subjects. Answers questions 
most often asked these authors by their consultants. 

$2.95 

PLASTICS, PROBLEMS AND PROCESSES - By 
Mansperger and Pepper. The. whole story of plas. 
tics, including a resume of manufacturing processes 
and a number of thorough. going chapters devoted to 
plastic uses. $3.10 

AUTOMATIC ARMS - By Melvin M. Johnson 
and Charles T. Haven.. Comprehensively covers 
machine guns, machine rifles, sub· machine -guns, 
pocket pistols, shotguns, sporting, military rifles in 
automatic classification. 85.10 

BASIC FIELD MANUAL, INFANTRY DRILL 
REGULATIONS. Practical working manual for 
c ommissioned, non-commissioned offieers. $.50 

HANDBOOK · OF CHEMISTRY AND PHYSICS 
A classic reference book recentiy revised -and -brought 
up -to· date to keep pace with recent research . In· 
cludes material on all branches Qi,,' _chemistry, physics, 
and allied sciences. Used in- laboratories- an� by 
engineers throughout , :  the ;countrY. Ftej[ible-� <bjuding, 
2503 pages . $4. 10 

ATOMI C  ARTILLERY - By john Kellock 

,
Roh
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ert�on.

, 
,Eleclro-ns� protQ

,
Q,s, positrons" 

"
photons, 

neutrons, �mcl --:eosn:iic raY8','-->a11 described'i '  f o r  the 
lay�an ; in: ,  plain ,:--�a,�g�,�ge.)A�o transmutati9'J;1 0.£ the 
elements and t4,e manllfacture of artificial radio· 
activity. $2.35 
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25¢ for post.� ,  ,o-� each book, except as not-ed. 
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for most others. The author is a noted 
Johns Hopkins anatomist. ( 265 pages, 5 0  
b y  8 0  inches, 5 6  illustrations. ) -$2.85 
postpaid.-A .G.l. 

BASIC PRINCIPLES OF 
WEATHER FORECASTING 

By Victor P. Starr 

B
ASED on modern methods used at the 

Institute of Meteorology, University of 
Chicago, where the author is professor, 
this systematic technical treatise assumes 
a previous · knowledge of meteorology and 
is mainly for 26-hour forecasting, but 
five-day methods are not neglected. (299 
pages, 6 by 97::1 inches, 126 illustrations. ) 
-$3 . 10  postpaid.-A .G.l. 

KNOW YOUR NAVY NOW! 

By Lt. Francis A. Ford U.S.N. (Ret.) 

T
HROUGH question and answer method a 
simple and accurate resume of items 

about the Navy for the average American 
whether in or out of service. Seven sec
tions cover : Navy Enlisted Men ; Ships ; 
Your Navy ; Navy Expressions ; U. S.  
Marine Corps ; U. S. Naval Academy ; 
Navy Officers. An excellent paper-covered 
pocket guide. (84 pages, 5 by 7 inches, 
illustrated. ) -$1.10 postpaid.-A . D. R. 

COLLEGE PHYSICS 

By . Henry A. Perkins, Sc.D. 

R
EVISED second edition ( unabridged) of 

college , textbook whose strong point is 
emphasis on the difficult portions ; on the 
old physics instead of modern corpus alar 
physics ; and on principles rather than 
concrete phenomena. In other words, a 
book for thosc who like to dig under, not 
flit over physics. (802 pages, 6 by 9 
inches, 596 illustrations. ) -$6. 10  postpaid. 
A.G.l. 

CLIMATOLOGY 

By Thomas A. Blair 

P
RINCIPLES, not of weather science, but 
of climatology, general ;l.l1d regional. 

Temperature, pressure, wind moisture as 
climatic elements ;. controls that determine 
regional climates ; climatic variability ; 
climatic , influences ; classifications of 
c1illl,!-�esc--;these occupy about one third of 
the book and the remainder consists of 
d��<;d.{)tions, one by one, of the climates 
of-the many maj or climatic regions of tl).e , 
eart)::!. Author is Senior Meteorologist, 
United States Weather Bureau. (484 
pages, 6 by 9 inches, 1 02 illustrations. ) 
$5. 1 0  postpaid.-A .G.l. 

THE OCEANS 

By Sverdrup, Johnson, and .  F leming 

B
IG, thick, text-book treatise , of the 
science of oceanography from physical, 

chemical, and general biological .angles, 
It  is  simple enough for the" tyro but 
sufficiently detailed to satisfy the special
ist. Authoritative-the authors are pro
fessors of oceanography at the University 
of California. ( 1060 pages, 6 by 9 inches, 
272 illustrations and charts . ) -$10. 1 5  post
paid:-A .G.l. 

Prjnted in the U. S. A. Press of the Wilson H.  Lee Company, Orange, Connecticut. 



Wanted : M O R E  E X E CUTIVE S ! 
To help win the war! . . .  and the peace to follow! 
Every great crisis produces new leaders. This war is 
no exception. It has created as great a crisis for busi
ness as for our nation, and new leaders are rising to 
the top every day. 

Right now, companies are searching high and low 
for men of executive ability and training to manage 
the different departments in new and expanded plants. 
The war and its demands for production, and more 
production, has thinned the ranks of executives to the 
danger point. The country needs men of executive 
ability just as it needs production workers and men 
for the armed forces. 

Where will it find them ? Ordinarily there would be 
enough "officer material" right in the ranks . . .  men 
who had been learning by experience, slowly but 
steadily advancing in the companies which employed 
them. That is one way of doing it-the hard way, the 
slow way. But now time is pressing. Such men are 
needed not two years from now, but today and to-

morrow! Where will they come from? Those men will 
have to be trained, and the smart 011es will train them
selves-now! 

How can they do that? Through the Alexander 
Hamilton Institute's intensive Course of Executive 
Training. 

This executive training, which is described in a book 
called "FORGING AHEAD IN BUSINESS," can help 
you to accomplish in months what would otherwise 
take years-if you could get it at all. It is valuable to 
men in different lines of business because it covers th e 
fundamentals of all business-production, marketing, 
finance and accounting. It is equally effective for the 
college graduate or the business man who only finished 
grammar school. 

More than 400,000 men have enrolled for this train-

ing and every day reports come in of their promotions, 
salary increas�s, new and better positions. Many of 
these men have become so famous that you will recog-

nize their names instantly when you see them in this 
booklet. 

Send for "FO R G I N G  AHEAD I N  B U S I N E S S" 
The facts about this executive training are given in the 
book "FORGING AHEAD IN BUSINESS." This 64-
page book has inspired thousands of men. Many say 
it started them on the road to real business success. 

A word of warning. If you are not interested in 
executive training, don't send for this book. But if you 
are interested in this way to better your position and 
increase your earning power, then we want you to 
have a copy of "FORGING AHEAD IN BUSINESS" 
with our compliments. Simply fill in and mail the cou
pon, and the book will reach you by return mail. 

r - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -- - - - - - - - ·  

S E N D  F O R  T H I S  FA M O U S  B O O K  T O D AY 

ALEXANDER HAMILTON INSTITUTE, INC. 
73 West 2 3rd Street, New York, N. Y. 

Please mail me without cost a copy of 
the 64-page book-"FORGING AHEAD 

IN BUSINESS." 

Name . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • • . . • • . . . . •  
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Position . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 
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'PE�/SCOPE ON THE 
S1i4RBOARD flI/ARTERI" 

IN SUBMARINE -infested waters, a 
speeding destroyer must be able 

to change its course in a split-second 
-to drop its deadly ashcans on 
enemy U-boats. 

The secret of the destroyer's great 
speed and maneuverability is the tre
mendous power of its turbines, oper
ating at steam temperatures high 

enough to make the turbine blades glow I 
This introduces a difficult prob

lem in turbine construction. The 
highly heated metal parts "creep" 
under stress. The metallic grains 

slowly slide over each other. The 
metal tends to flow out of shape. 

Excessive "creep" would quickly 
destroy the turbine- due to collision 
between the blades and other parts 
of the turbine, which are spaced 
only a fraction of an inch apart for 
maximum power. 

Westinghouse first introduced the 
steam turbine in the United States 
and has built thousands during the 
past 45 years . And much of the suc
cess of \Vestinghouse steam turbines 
is due to the intensive study of 
"creep" by scientists in the Westing-

house Research Laboratories. 

As a res ult of the "know how" gained 
through this research, the "creep" in 
some turbine metals has been reduced 
to 1 /1 O,OOOth of an inch per inch per 
year-less than 1 /64th inch per inch 
in 100 years. 

This has guided the development 
of metals capable of operating at 
greatly increased temperatures and 
speeds- and secured more power per 

pound of turbine, a vital necessity in 
a destroyer ! 

Westinghouse Electric & Manu
facturing Co. ,  Pittsburgh, Penn . 




