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Wanted: MORE EXECUTIVES!

To help win the war!...

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
or 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 foday and to-

morrow! Where will they come from? Those men will
have to be trained, and the smart ones will train them-
selves—now!

How can they do that? Through the Alexander
Hamijlton 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 the
fundamentals of z// 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-

and the peace to follow!

ing and every day reports come in of their promotions,
salary increases, 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 “FORGING AHEAD IN BUSINESS“

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 nof 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.

ALEXANDER HAMILTON INSTITUTE, INC.
73 West 23rd Street, New York, N. Y.

Please mail me without cost a copy of
the 64-page book—“FORGING AHEAD
IN BUSINESS.”

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




HEAT at 1650 degrees, Fahrenheit,
will toughen gun barrels in the
seven-ton Westinghouse electric
furnaces, two shells of which are
shown on our front cover. The
furnace shells illustrated will later
be lined with brick and equipped
with chrome-nickel alloy heating
elements. From these furnaces will
come hardened and tempered gun
barrels to blast the Axis.
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90 Years Agoin . . .

(Condensed From lssues of March, 1893)

CANALS—“The promoters of the Nicaragua Canal scheme
ask the United States government to guarantee their securities,
and thus father the enterprise and hasten the work of construc-
tion by giving the securities financial standing. . . . The Panama
experience is a lesson from which much can be learned, and no
patriot American would want it duplicated.”

DRILLING RIGHTS—“The question of whether an oil opera-
tor has a right to drill through coal which has been leased previ-
ously, to reach oil or gas below, is one which has been the basis
of a number of suits, and the lower courts in this State have de-
cided that the owner of the surface has such right.”

CAN SALVAGE—“In the suburbs of great cities an industry
has sprung up having for its object the recovery of the solder
used in making and sealing tin cans. . . . The furnace is an old
soap boiler, into which a few sticks are thrown; the bowl is
then filled with cans, a quart of kerosene poured over them and

ignited. The heat developed by the oil is not great enough to at-
tack the tin, but melts the solder, which flows to the bottom of
the bowl. The solder recovered from a load of cans averages
forty pounds. After this process is completed the tin plate scrap
is sold.”

RECLAMATION—“The sweepings from manufacturing jew-
elry establishments, consisting of paper, dust, old crucibles, etc.,
are packed in barrels and carted to a refinery, where the material
is first put into furnaces and burned. . . . The value of these
sweepings varies greatly, averaging about $5 per barrel, although
it has been known to run up as high as $500 per barrel.”

SILK—“The classification of silk goods of American manufac-
ture is now practically without limit, embracing every article
made in the older silk-manufacturing countries, and fully equal
to the foreign product in quality of weave, beauty of design, and
excellence of finish.”

BATTLESHIP—“An ironclad battleship of the first order was
launched at . . . Philadelphia, on February 28, and was christ-
ened the Indiana. She is the largest vessel built thus far on this
side of the Atlantic. . . . She is of 10,200 tons displacement,
having a length of 348 feet, a breadth of 6914, and a mean
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draught of 24. . .. The engines are twin screw, of the vertical,
triple expansion, direct acting, inverted cylinder type, placed
in water-tight compartments separated by bulkheads. . . . The
vessel has a powerful ram bow, and is divided into a great num-
ber of watertight compartments by means of longitudinal and
transverse bulkheads of 10 and 12 pound plates.”

LOCOMOTIVE—“The new monster locomotive of the Mexi-
can Central Railway ... is probably the largest and most power-
ful locomotive engine now extant. It has been built for special
service in drawing freight trains over the heavy grades and
curves between Tampico and the city of Mexico. . The
weight of this great machine is 130 tons. .. . The high pressure
cylinder is 13 inches in diameter and the low pressure 28 inches.
. . . The boilers . . . carry 180 pounds of steam to the square
inch.”

TIRES—“The latest adaptation of pneumatic tires is to the
wheels of an omnibus which is being tried by the Glasgow Tram-
way Company at Glasgow, Scotland. The tires are about 3%
inches in diameter, and can withstand a pressure of 187 pounds
to the square inch. To guard against any risk of the India rubber
being punctured by sharp stones or otherwise, the tires are thor-
oughly protected by several plies of canvas, with a covering of
wire-wove netting. The omnibus is said to be a very comfortable
vehicle to ride in.”

RAILROAD ARMY—“There is an army of men employed
upon the railroads of the United States, an army of 784,000.
They are not engaged in idle maneuvers, dress parades, bar-
rack drills, or preparations for warfare, but by their diligence,
energy, and toil contribute immensely to the wealth, well being,
and development of the country, the interchange of its products.
the diffusion of information, and the prompt transportation of
vast numbers of passengers, with a remarkably low percentace
of casualties.”

PULP—“Compared with its predecessor, last year shows a
slight decline in the production of wood pulp. ... There are now
in Norway eleven sulphite and four sulphate manufactories. Sev-
eral of these are also connected with paper mills. The exports
during 1892 of chemical wood pulp were about 20,000 tons dry,
as compared with 17,500 tons in 1891, and about 8,500 tons wet,
as compared with 9,500 tons in 1891.”

INVENTORS—“Inventors, like most other men, are willing to
make money out of their inventions, but many of them go about
their work in just the wrong way. . .. They stick to the idea
that fame and fortune come only to the inventor who makes a
revolution. If such men will only look over history carefully
they will find that the great fortunes and fame made of ‘revolu-
tionizing’ inventions are few and far between, while the greater
number of successful inventors have made their fortunes out of
things that are small, simple, and capable of general use.”

AUTO-PHOTOGRAPHY—“Of all the many uses to which the
automatic selling machine has been put, that of taking photo-
graphs seems the most remarkable. . . . The operation, so far as
relates to the exposure, development, and fixing of the picture,
is entirely automatic, and the little picture which the machine
throws out, after a momentary washing, appears to be a marked
success over previous efforts in this direction.”

SCIENTIFIC AMERICAN . MARCH 1943



Personalities
in
Science

WHEN the United States Office
of Education made plans for
a nationwide program to train defense
workers a year before Pearl Harbor,
Dr. Warga was the only person, man
or woman, chosen to teach spectro-
scopy. Today, after two years, she has
taught 250 people to analyze material
for shell casings, gun barrels, tank and
airplane bodies, and for practically
evervthing else made of metal from
fine precision tools to battleship armor.

Dr. Warga is assistant professor of
physics and director of the Co-opera-
tive Spectroscopic Laboratory at the
University of Pittsburgh. In addition
to government-sponsored chemists,
physicists, and metallurgists, each year
she trains 50 university students to
read the secrets of the spectrograph.
Because of this instruction, her trained
men and women give an inestimable
boost to war production. They work
in the laboratories of steel mills and
other defense plants, saving untold
numbers of man-hours by their imme-
-diate recognition of the constituents of
liquid steel. In a matter of minutes
they can pass a batch of steel or reject
it for failing to meet government speci-
fications. Since they work so fast, the
batch can be remedied while still in
the molten state, should it be found
lacking.

Scientists call the spectroscope the
most wonderful scientific instrument
in the world. It uses the color
spectrum as a standard against which
it compares the known color for each
of the 92 elements in nature. It burns
at intense heat a small sample of the
material about which the facts are
sought. The colors given off during the
‘burning reveal the elements in the
sample. Fach element has its own
physical pattern, a grouping of lines
too sensitive for the eye to see but
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DR. MARY ELIZABETH WARGA

visible on photographic plates. Adept
at “spot” identification of these colors
and lines, Dr. Warga teaches her war
workers to recognize them too. They
learn what the color and pattern should
be. Variations reveal defects.

Dr. Warga has worked with the
spectroscope since she was 20 years
old and a junior in college. Now she is
able to tell in a few seconds the compo-
sition of anything she submits to the
intense heat of its carbon lamp: a
sample of steel, a particle of food, a
drop of blood, or anything else. She
knows almost at once what it is.

Dr. Warga became a general in the
army of production by way of astron-
omy. The spectroscope was invented to
read the composition of the stars and
Dr. Warga started with astrono-
physics and now goes back to labor
and industry.

An example of Mary Warga’s re-
sourcefulness is shown in the way she
got hersz1f a job. She learned that the
Mellon Instiute, affiliate’ of the Uni-
versity of Pittsburgh, was planning a
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study of air pollution. She applied for
the post of investigator, and was ac-
cepted. With her spectroscope she made
studies that lasted five years, and which
showed that Pittsburgh lost approxi-
mately one third of its sunlight
through dust in the air.

The job came to an end and again
she was out of work. But at Mellon
she came across a large spectroscope
lying unused since its purchase in
1912. She was told that if she could
rebuild it she could have a job using
it. For six months she studied how to
rebuild it. She read books and con-
sulted scientists. She put it in working
order and became spectroscopist for
the Institute, a job she held for three
more years.

Today, Dr. Warga has two spectro-
scopic laboratories under her direction.
Besides the one in the University of
Pittsburgh’s Department of Physics,
she has charge of one in Industrial
Hygiene in its School of Medicine.
Here studies on certain toxic occupa-
tional diseases are being made.
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HOW NAVAL BATTLES ARE FOUGHT
The Strategy aml Tactics of the War at Sea

IF THERE is such a thing as clarify-
ing today’s naval strategy, the
answer perhaps is: To be ready for
anything with everything.

No sooner do we have one type of
sea engagement in which the opposing
surface craft remain hundreds of miles
apart, fighting it out with their air-
craft alone, than we have other sea en-
gagements wherein the surface craft
slug it out with each other, gun for
gun, almost the same as in the Spanish
War.

Nor should any of us at this time
formulate any hard and fast rules as
to how the various types of war ma-
chinery—air, undersea, and surface—
work together under battle conditions.
For no two sea engagements thus far
in this war have been the same.

Those who, in past years, have held
out for the might of battleships above
all else have been right. Those who
have held out for the might of dive-
bombers above all else have been right.
Those who have held out for the might
of carriers, more and more carriers,
also have been right. The list could
continue. »

In brief, everybody has been right.
And to prove his theory anyone has
but to point for his example to some
specific sea engagement. After picking
the right one out of the multitude, he
can say: “See, I told you, I've always
told you. . ..”

The obvious catch in such logic,
however, is the ruthless fact that to-
morrow’s sea battle may approximate
something never even dreamed of;
or, even if it has been conceived of
as a tactical possibility, the conceiv-
ing tactician, unless he were at the
scene of battle, would be unable to cope
with the situation.

In the old days, in the days of the
theoretical grand battle of fleets, even
a youngster, playing with toy vessels
on the kitchen floor, could outline the
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©® Six articles, analyzing the battleships,
aircraft carriers, cruisers, destroyers, sub-
marines, and aircraft of the United States
Navy, have been published in our issues
of May, August, September, October,
November, December of 1942. The present
article, prepared with the whole-hearted
co-operation of the Navy Department,
traces the strategy of naval battles as
they are fought today. Here are the answers
to those who hold for the complete supe-
riority of the battleship, as well as those
who place air-power above all else.
—The Editor. [

one-time accepted principles of grand
fleet meeting grand fleet in the knock-
out and final combat for control of the
seas.

Those were the days, when, accord-
ing to principle, the battlefleet was
organized around its biggest, hardest
hitting, and most valuable men-of-war
—the battleships. They would be placed
in the center of the battle formation so
that the lighter, more maneuverable
vessels on the outer fringe might pro-
tect them from torpedoes which the
battleships, supposedly, would be too
heavy and too slow to avoid.

AHEAD of the battleships, according
to the same established principle,
would be the attack force, consisting
of heavy cruisers with destroyer es-
corts. The destroyers protected the
cruisers from torpedo attack, and the
cruisers, in turn, were to block any
enemy vessels which crashed through
the outer lines.

Behind the main body of the fleet
would be a similar force of cruisers
and destroyers. They would serve as a
rear guard to prevent the enemy from
crashing in from behind.

Then, if possible, there would be even
a third force of heavy cruisers, or even
battleships, together with destroyers.
This group, as the youngster playing
on the floor would know, was called a
support force. Its duty was to rein-
force any part of the battleline threat-
ened by attack. :
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Nor is this the whole picture of an
ideal fleet about to meet a supposedly
ideal enemy: Outside all these forces
would be a screen of light cruisers and
destroyers to protect the battleline as
a whole. This was called the inner
screen, for still farther out, perhaps
40 or 60 miles from the main body
of the fleet, steamed still another
screen—the outer screen of destroyers
and fleet submarines. Their mission,
so snuggly planned, was to scout for
the enemy fleet and intercept any at-
tacking force of the enemy. Or, again,
their greatest service could have been
to meet in daylight any enemy groups
close enough to the main fleet to have
steamed in and attacked during the
hours of darkness.

YES, THE youngster, given his toy
vessels, could have arranged it all
quite nicely there on the floor. Or if
the boy were playing in a day when
there were such things as toy aircraft
carriers to go with his toy fleet, he
would have employed the carriers in
two possible ways. They might have
been placed with the battleships in the
center of the fleet, the safest possible

position. Or they might take up a po-

sition alone, protected only by a de-
stroyer escort, perhaps a hundred
miles from the main body of the fleet.

In either case, the theater of opera-
tions for the planes themselves would
be over the two opposing battlefleets,
the dive bombers and torpedo bombers
pressing home an attack on the enemy
vessels, and the fighters protecting
the youngster’s own vessels from a sim-
ilar enemy attack.

The planes would sink or damage
the enemy ships, if possible, and would
try to break up the formations of the
surface vessels and force them to zig-
zag and slow down. This would en-
able the rest of the boy’s forces to close
in so that the outer ring of destroyers
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could dash in with a sudden torpedo
attack and retreat under cover of a
smoke screen.

Soon, then, the two majestic rival
fleets would close in sufficiently for
the cruiser forces to press home at-
tacks, and for the huge battleships
to overwhelm the enemy with a rain
of destruction—thereby ending the
war.

This, then—on kitchen floor or on
paper—was the clashing of fleets as
envisioned before actual war came
along, in such a distributed way, to
prove that there was no such thing
as one big grand fleet anymore. At
least, not vet.

IIE NEAREST, or at least the earliest,

resemblance to such a paper-perfect
engagement in the present war was,
perhaps, the meeting between Britain’s
Mediterranean Fleet under ~Admiral
Sir Andrew Cunningham and a large
force of the Italian fleet. This engage-
ment occurred March 28, 1941, and
was not entirely surface. Recon-
naisance aircraft were the first to re-
port that the Italian fleet, after being
in hiding so long, was showing signs
of activity. It is now believed that the
purpose of the Italian fleet was to keep
Admiral Cunningham’s {forces busy
while Axis convoys were rushed to
Rommel in Egypt.

But the English had no way of know-
ing the Italian’s plan and were de-
lighted to receive the reconnaisance
report that the enemy finally had ven-
tured into the open. To meet the
Italian fleet the British sailed out of
Alexandria on the 27th. The British
force consisted of three sister battle-
ships, Warspite, Barham, and Valiant,
the aircraft carrier Formidable, and a
full complement of cruiser and de-
stroyer forces.

The battleships steamed along in
single file, exactly according to Hoyle,
so to speak, and with the Formidable
just astern the flagship Warspite. The
cruisers and smaller ships were dis-
posed in approximately the classical
manner. Early the following morning,
reconnaisance planes reported three
Italian battleships about 100 miles
away, heading eastward, accompanied
by several cruisers and destroyer
forces—also aligned in the classical
manner. .

Soon one of the outlying British
cruiser squadrons exchanged a few
shots with an outlying Italian cruiser
formation, and attempted to lure it
southward into the path of the British
battleships. But the Italians shied
away.

Nevertheless, the battle gradually
took shape along the best of accepted
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lllustrations are U. S. Navy Othaal Photos.

A battle line, with carrier-based planes

theories. The two battle lines con-
tinued to draw closer until the Italian
battleship Vittorio Veneto opened fire
at extreme range upon British light
forces. In retaliation, the Formidable
launched - two squadrons of torpedo
bombers which succeeded in getting
several hits, cutting the Veneto’s speed
by two thirds and setting her afire.

One plane also hit the cruiser Pola,
damaging her steering device. The
Ttalians likewise attacked with torpedo
planes, but were beaten off. At dusk,
the British battleships turned to finish
off the Pola, but before they reached
her, an Italian cruiser squadron, ap-
parently unaware of their proximity
in the darkness, and apparently un-
aware of the rules as well, cut across
their path. The Warspite opened up
at point-blank range with her 15-inch
guns and seven tons of shells crashed
into the Fiume, last cruiser of the
Ttalian line. She went up in flames be-
fore she could fire a single shot.

Two  destroyers escorting the
cruisers immediately dashed toward
the line of British capital ships and
launched torpedoes, but they missed
and the Italian destroyers were sunk.
Then two more Italian cruisers re-
ceived the same treatment from the
Valiant and the Barham that the Fiume
had received from the W arspite.

Therewith the battle of Cape Mata-
pan—almost a perfect example of 2a
fleet engagement exactly as the
theorists would have it fought—was
over and won. Most of the larger
Italian men-of-war were either sunk
or badly damaged.

SCIENTIFIC AMERICAN

So, with this early example, the
theorists certainly had an excuse to
presume that the same old manner of
winning sea engagements would con-
tinue to be the same old manner of
winning sea engagements. Maybe they
are right, and maybe the battleships, as
usual, should be counted on for the kill.

YET IF one does care to figure that

way too strongly, especially in this
war of strange upsets, it would be
better for him to forget, or at least not
to mention, the battleship Prince of
Wales and the battle cruiser Repulse.
No enemy surface craft, it appears,
shared in this battle at all, the two
great vessels going down off Malaya
under the hammering of land-based
planes alone.

It was a lesson, to be sure. But a
lesson which, since then, has worked
both ways; the aftermath occurring
not far from Guadalcanal. There the
Japs tried it again, this time on an
American battleship under command
of Capt. Thomas L. Gatch. The Japs,
remembering the Prince of Wales and
the Repulse, confidently launched upon
this American battleship what is de-
scribed as “the heaviest air assault
ever made on a dreadnought.” The first
attack (on October 26) was made by
20 enemy dive bombers. All were shot
down. Half an hour later, 40 enemy
torpedo planes and dive bombers re-
turned to the attack, approaching at
the rate of about one every minute.
All but one torpedo plane either fell or
turned back.

An hour later 24 more Jap torpedo
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planes and dive bombers roared at the
battleship in a third try. One of the
dive bombers did get through, slightly
damaging a turret and inflicting Cap-
tain Gatch with a neck wound from a
bomb splinter. But the score in all was
32 Jap planes downed by automatic
anti-aircraft guns and a secondary bat-
tery of larger guns. Fighters from an
American carrier also answered the
challenge.

Anyway, despite their success with
the Prince of Wales and the Repulse,
the Japs today certainly cannot be too
sure of anything, either. Because planes
have taken such an important part in
nearly all sea engagements, landings,
and the like, the difficulty today, for a
fact, is trying to remember some im-
portant sea engagement in which
planes did not share importantly, at
least in the destruction. The celebrated
fight with the Graf Spee, so early in the
war, might be the best example of one
such engagement.

THE Graf Spee was at sea when Ger-

many invaded Poland, and immedi-
ately began harrying British merchant
shipping off the coast of South
America. One of her victims suc-
ceeded, on December 2, in sending dis-
tress signals before she was silenced.
and these were relayed to Commodore
H. H. Harwood, in command of the
South American Division of the
America and West Indies Station of
the Royal Navy.

Commodore Harwood was faced
with an extraordinary problem. He had
only three vessels at his disposal: the
8400-ton Eweter, mounting eight-inch
guns; and the Ajax and Achilles, both
7000-tonners and both with only six-
inch guns. Opposing him was a much
larger, more powerful ship, mounting
two turrets of 11-inch guns.

Not only did the Graf Spee have
greater range, so that she could fire on
the British ships before they could close
in to their own range, but she could
hurl 4700 pounds of metal and ex-
plosive in a single broadside, as against
a total of only 3136 pounds for the
three cruisers combined. In addition,
the greater armor of the German ship
would enable her to stand more punish-
ment that the smaller vessels.

Contributing to Harwood’s problem,
too, was the fact that his vessels were
scattered over several thousand miles
of ocean when he received the distress
signal. He had to choose some rendez-
vous point, but the question was:
Where? He knew that the Graf Spee
would not linger long at the spot of
her most recent sinking, for the
raider’s mission was to sink more mer-
chant ships. The last thing the Graf
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Spee desired was to brush with enemy
warships. Reasoning that the German
ship might make a run for the River
Plate, where there was always a great
concentration of shipping, Harwood
decided on a point 150 miles east of
the Plate’s mouth for the rendezvous,
and set 7 A.M., December 12th as the
time.

The three cruisers met on schedule
and began cruising at 14 knots, their
captains directed to act “without fur-
ther orders so as to maintain decisive
gun range.” On the morning of the
13th the Graf Spee was sighted to the
starboard and slightly astern of the
squadron.

T HE Exeter made a sharp turn at once

so as to cut across the battleship’s
bow and be on her starboard side. The
other two ships made a similar turn
shortly afterward to take position on
her port side, thus forcing the German
commander, Captain Langsdorff, to
split the fire from his two turrets of 11-
inchers. This the German commander
did as he opened fire. The Exeter re-
plied with eight-inch guns as soon as
she was within range, and the other
two opened up with their six-inchers
a few minutes later.

The German captain, however, was
more worried about the Exeter’s larger
guns, and swung both turrets of 11-
inchers to bear on her. Immediately
he landed a series of destructive hits.
But, at the same time, the Ajaxr and
Achilles were allowed to close their
range, opposed only by ragged and in-
accurate fire from the German’s 59-
inch batteries.

Two broadsides from the six-inch
guns of the cruisers found their mark,
putting the Graf Spee’s fire control
apparatus out of commission and kill-
ing most of the officers in the fire con-
trol tower. Still the two British cruisers
closed in, to within about a mile.

The Graf Spee was demoralized.
The battleship began to lay down a
smoke screen, made a 150-degree turn,
and began to run.

The British were ready. Working at
a killing pace, their engine-room crews
had built their speed from 14 up to 28
knots while the battle was raging. They
started pursuit, launching the observa-
tion plane from the Ajax to spot their
fire; this is about the only mention
ever made of a plane in the battle.

The Exeter received two more direct
hits. By now two of her three turrets
were out of action, her compasses were
smashed, she was on fire, and had a
seven degree list. But she steamed
ahead at full speed, and continued to
keep the Graf Spee under fire.

The German ship laid a series

SCIENTIFIC AMERICAN

of smoke screens and changed her
course in a frantic effort to escape.
Under cover of a smoke screen, she
desperately turned on the Euxeter to
try to finish her off, but the accurate
fire from the other two cruisers, closing
in, again forced the battleship to split
her fire.

The two lighter British ships were
hit but continued fighting: the Ewe-
ter, her last gun put out of action
by flooding, was forced to turn away.
Finally, the cruisers’ ammunition was
running so low that it might be ex-
hausted if the fight continued until
dark. So Harwood chose to break off
the battle and simply follow the Graf
Spee until he might sneak up on her
under cover of darkness and perhaps
finish her off with torpedoes.

The pocket battleship succeeded in
making the River Plate where, as the
world knows, she was trapped by other
British warships hurried to the spot.
And there she was finally scuttled.

Although the sea fight itself, if
judged by the whole war, may not have
been of decisive importance, neverthe-
less the fight does remain a superb il-
lustration of British tactics—to close
with the enemy, regardless of odds,
to use bulldog tactics up close and slug
it out.

But, at the same time. one rather
wonders what would have happened if
planes—bomber or torpedo—had been
as furiously involved in this engage-
ment as they have been in later ones.
For planes do seem to disrupt, by a
single lucky hit, the best laid tactical
plans of man or war college.

THE Battle of Java sea (starting Feb-

ruary 26, 1942) may be used as
another example of closing in on the
enemy in the classical manner, and
also as another example of carrying
the attack to the enemy, against great
odds. The attack was made by a com-
bined force of Dutch, British, and
American ships.

On the date mentioned, Admiral
Doorman, of the Dutch, received re-
port of a Japanese convoy of 40 trans-
ports, protected by divisions of light
and heavy cruisers and destroyers.
Doorman was ordered to “proceed,
search for, and attack the enemy.”

Although all the men of his little
fleet had been at their action stations
for 37 hours without rest and were
completely exhausted, Doorman pro-
ceeded as ordered, shaping his battle
line as he went.

Heading the line were the two
British destroyers, Jupiter and Electra.
Next came the Dutch heavy cruiser De
Ruwvter, followed by our old friend the
Exeter, the American heavy cruiser
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Houston, the Australian light cruiser
Perth, and the Dutch light cruiser
Java. Following the cruisers came a
line of four United States destroyers
in single file. On the port side of this
battleline was a line of four other de-
stroyers.

As the allied force pulled up parallel
with the Japanese battleline, it was
seen that the latter was composed of
two heavy cruisers, followed by six
light cruisers. Beyond them were two
lines of four Japanese destroyers each.

Even if the allied force had been
fresh and undamaged, it would have
been outweighed two to one and heavily
outclassed in fire power. But to make
matters worse, the after turrets of both
the Houston and the Exeter were out
of commission.

The Japanese heavies opened fire at
25,000 yards, a range at which only 8-
inch guns would bear. The Houston
and the Exeter returned the fire with
their own 8-inchers, setting both the
Japanese heavies afire. Then Doorman
closed in to under 20,000 yards, main-
taining the same formation, and the
firing began between the cruisers all
the way down the line.

Both sides were hit hard, and the two
Japanese heavy cruisers were burning
badly. At this moment, the Jap cruisers
laid down a smoke screen, through
which their destroyers wheeled to
launch a torpedo attack. Before they
could begin, the two burning Japanese
heavy cruisers dropped out of line, and
four of the destroyers turned to screen
them. The other four continued for the
Allied line of battle.

The British destroyers Jupiter and
Electra, at the head of that line,
turned sharply and dashed into the
smoke screen to intercept the attacking
Japanese ships. They were never seen
again. The Perth and the Java then had
to shift their fire from the cruisers to
the attacking destroyers, enabling the
Japanese cruisers to fire more easily.
The Exeter got a bad hit in the fire
room, slowing her down, so she turned
to port to escape the torpedo attack.
The Perth turned to lay smoke to pro-
tect her, leaving the De Ruyter and the
remaining cruisers so hopelessly out-
gunned that they had to turn, too.

Four of the allied cruisers rushed to
screen the wounded Exeter, and the
four American destroyers covered the
general retreat, torpedoing and sinking
two of the attacking Jap destroyers.

This was the end of the action. The
Japanese had taken too much punish-
ment themselves to pursue the scatter-
ing allied ships.

Despite the tangled outcome of the
Battle of Java Sea, students of the
classical manner of doing things may

MARCH 1943 -

Destroyers execute a right turn while in operation with battleships

find in studying this battle a demonstra-
tion of the tactical co-operation of the
various kinds of warships. Much of it
was performed exactly according “to
the book”: the Japanese heavy cruisers
opening fire at the range where their
largest guns could be used to the great-
est advantage; the Allies closing in
until they could use all their guns; the
concentration of allied fire on the heav-
iest Jap units until they are put out of
action; the Jap cruiser laying a smoke
screen through which the destroyers
might dash to attack the larger allied
units in retaliation; and finally, the
use of the destroyers both to screen
larger ships and to try to head off the
Japanese destroyer attack.

T THE time of this writing the

more important sea engagements
in the Solomons can be grouped into
five distinct battles, each bearing a
name. The first of these, already titled
the Battle of Savo Island, occurred the
night of August 8-9, and marked the
first real offensive of the United States
in the war.

This article being confined to sea-
fighting, the concern here is not with
the exploits ashore, after the marines
had been landed from transports, but
with the action at sea preparatory to
and during these landings. The engage-
ment also was the first between surface
forces in the Solomons.

A strong enemy force, seeking to
attack our transports and supply ships,
was opposed by a screen of our
cruisers and destroyers disposed south-
east of Savo. After a brief but fierce
engagement, the Japs changed course
and attacked a second screening force
northeast of the island. A close-range
action ensued. We lost the Canberra,
Quincy, Astoria, and Vincennes. The
enemy losses remain unknown, but the
enemy did fail in its objective because
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our transports were saved, and our
Marines were landed.

The great part that aircraft played
in this battle, and in the subsequent
Solomon Island battles, too, would
require a chapter of its own.

The second main sea engagement in
the Solomons, now labelled the Battle
of the Eastern Solomons, occurred
August 23-25. This was when the
enemy attempted to recapture shore
positions. Several groups of enemy
ships, including transports, approached
from the north and northeast. They
were attacked first by our aircraft, and
later by our surface forces. The series
of running engagements resulted in the
withdrawal of the Japs. Their losses

.included damage to one battleship, two

carriers, several cruisers, a destroyer,
a transport, and four other vessels.

The part that aircraft again played
in this battle is best demonstrated by
the fact that on the afternoon of August
23 (Washington time), Guadalcanal
was attacked by enemy planes, and
21 were shot down against our loss of
only three. Much the same type of
attack occurred two days later when
the enemy attacked Guadalcanal with
16 two-motored bombers and 12 Zeros.
Seven of these bombers were shot
down, and also five Zeros against our
own loss of one fighter.

0, IN a report of these sea-engage-
ments or surface engagements, one
does find difficulty at times in. dis-
tinguishing the out-and-out air action
from the surface action. Both types of
action obviously go together; the
Navy’s job being not only to be ready
for fleet-against-fleet battles, as pre-
viously described, but also the convoy-
ing of troops and supplies, harrassing
enemy commerce, protecting our coasts
from enemy raiders both on the sea
(Please turn to page 137)
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Industrial Air Control

Compact Survey of Air Conditioning Shows lts

Importance on the War Production Front

MARGARET INGELS, ME.

Engineering Edi':or,
Carrier Corporation

MAXY of the mechanisms of mod-
ern warfare have become so

¢omplex ‘and precise that control* of::

the air is as vitally important in many
war industries as it is on the fighting
front. On the battle line, the outcome
of many an action hinges on control
of the air as planes engage planes with
machine gun bullets and shell

fire and rain bombs on key ob-

jectives; on the home front—

the production front—control

of the air, while less dramatic,

is equally significant. Here the

job is one of controlling the

air in laboratories, assembly

rooms, tool shops, and preci-

sion instrument plants where

the equipment for our fight- -
ing men is being made.

Control of the air, actually
just another phrase for air
conditioning, is a complicated
business of far greater im-
portance than the familiar
comfort cooling. It includes
control of the temperature,
humidity, cleanliness, and
movement of the air. Were it
not for the precise art of air
conditioning, pioneered a few
short decades ago by Dr.
Willis H. Carrier, American
weapons. would not have at-
tained their high degree of
effectiveness, nor could they
be produced in the astounding numbers
that, today. are accepted as run-of-the-
mill operation.

Suppose that an airplane instrument
should fail at a crucial moment because
perspiration on a worker’s hand on the
home front had caused corrosion, that
a torpedo failed to function properly
because of excessive moisture in the
air during manufacture, that a stick
of bombs went wide of its objective as
the result of a drop of moisture or a
particle of dust in some American war
plant thousands of miles away: These
are just a few of the possibilities that
might occur if American industry did
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not have available this accurately con-
trolled ‘tool of air conditioning. So
widespread has become the use of air
condltmnmg in certain vital war in-
dustries, in fact, that it is difficult to
imagine the effect of:eliminating this
important aid to productlon

Such:a thought/opens interesting but
disaster-laden possibilities. If there
were no such art as air conditioning,
many plants could operate only part
time ; extremely accurate work to close
tolerances would become far slower and

The author

more difficult; many modern processes
could not be carried on at all.

Without control of industrial air,
there would be only about five days in
an average year when the unaided
weather would be suitable for the
manufacture of rayon. And this spe-
cialized conditioning of the air needed
for making rayon fabrics is equally
necessary in the manufacture of nylon
used in parachutes, powder bags, and
for countless other requlrements of
modern warfare.

Only an almost impossible Weather
Bureau forecast of “Temperature Un-

changed” would point to suitable air
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conditions for technicians making pre-
cision gages, since these instruments
are accurate only when manufactured
and calibrated at constant temperature.
A sharp rise or fall of the thermome-
ter, if not offset by man-made weather,
would serve to negate the most accu-
rate work of skilled craftsmen. An
extended period of “Cool and Dry”
weather would facilitate the production
of precision instruments where work
to close tolerances is required, but
obviously the demands of war produc-
tion cannot wait on the vagaries of the
elements.

Today, therefore, more than 200
different industries utilize as a produc-
tion tool one or more of the factors
which go to make up modern air con-
ditioning. And such control of the air,
as has been briefly shown, is playing a
vital role in the nation’s war produc-
tion.

School boys and girls learn in physics
classes that objects take on the temper-

ature of the air surrounding

them. But the significance of
this to war production is not
always recognized. Some ob-
jects come to temperature
equilibrium very quickly, with
little physical change, while
others, especially those made
of metals, take a long time to
reach room temperature and
will measurably expand or
~ contract in doing so. For this
- reason it is necessary to hold
room temperature constant
when close measurements are
to be made and where work
to extremely close tolerances
is to be undertaken. Rooms
used for gage calibration and
measurement of precision in-
struments are air conditioned
to assure constant tempera-
ture. Thus, a precision mach-
ine part made in a Texas fac-
tory may be fitted accurately
with a companion piece made
in Massachusetts. If the tem-
perature of the parts is not the
same when measured, they will not fit
together in the final assembly; differ-
ences in temperatures produce the same
effect as taking the measurements in-
accurately.

A familiar example of the effect of
one of man’s concessions to the effects
of temperature changes is the “clankity
clank” of railroad car wheels as they
pass over the space between rails, left
to allow for expansion and contraction
of the rails as the temperature changes.
But no such simple solution may be
used where work of great precision is
required—as in the case of bombsights,
range finders, and other close-tolerance
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instruments of war. Instead of fractions
of an inch, measurements for such
precision instruments are made in
“light rings,” which means that accu-
racy is sometimes held within toler-
ances of 6/1,000,000 of an inch. Such
close measurements can be maintained
only in conditioned air where tempera-
tures are held at specified levels at all
times.

Temperature control is also required
for testing radios to be used in military
airplanes to be sure that they will meet
the rigors of field service. In some of
the tests, however, it is not a question
of holding temperature constant but,
rather, of changing it at the rate of
change that occurs when the plane is
in use. The reason for this is not hard
to discover. The radio in a plane leav-
ing the ground in the tropics may be
at a temperature of 120 degrees. As
the plane climbs, the temperature drops,
often dipping as low as 60 degrees
below zero. Yet, throughout wide and
rapidly changing temperature ranges,
the radio must function perfectly. To
build radios that will react to fast and
extreme weather changes, laboratories
use air conditioning to simulate condi-
tions ranging from tropic heat to sub-
zero temperatures of high altitudes,
changing from one to the other at a
rate approximating actual flying con-
ditions.

JUST as constant temperatures are

called for in precision work and
controlled fluctuation of temperatures
serve in testing radio and various
equipment, so other war production
processes find essential one of the sev-
eral machines developed for air condi-
tioning at Carrier’s huge plant—Ilow
temperature refrigeration. For exam-
ple, the manufacture of one type of
synthetic rubber requires a tempera-
ture of minus 98 degrees, Fahrenheit,
during processing. Liquification of
chlorine also calls for temperatures well
below zero. And a low and constant
temperature in blood banks makes it
possible to hold large quantities of
blood plasma or whole blood in readi-
ness at all times, the coolness making
possible the preservation of the origi-
nal quality.

Coating photographic films, manu-
facturing certain plastics, processing
rubber, chemicals, and pharmaceuticals
—these are some war jobs that utilize
low temperature air conditioning. But
not all conditioned air is cold air. If
someone were to tell you that “hot air”
would help win the war, an argument
involving much of that very commodi-
ty might ensue. But the statement is
true, nonetheless. Warm, dry air facili-
tates powder drying in ordnance plants,
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makes possible scientific food dehydra-
tion, and serves as would nothing else
in numerous other processes including
smoking of meat, leather drying, and
flour milling.

Moisture in the air, another phase
of air control, can be both friend and
foe of war production. The finely
machined parts of precision instru-
ments, for example, are highly suscep-
tible to both corrosion and rust. A
fingerprint from the moist hands of a
worker may mar the finished surface
or cause corrosion after the instrument
is completed. An over-abundance of
moisture in the air condensing on a
metal part may be the cause of rust
which will soon destroy the accuracy
of fine mechanisms completely. Air
conditioning guards against such dan-
gers by dehumidifying the air in work
shops, assembly rooms, and storage
spaces.

In some processes, damp air means
slowed up production and even possible
shut down. Many plastics are processed
in air that is dehumidified because
moist air makes the sheets “tacky” and
difficult to handle. Concentrated foods,
such as bouillon cubes, are prepared
in dehumidified air because high hu-
midities slow up production and affect
quality. Many drugs are manufactured
in dried air because an excess of
moisture would ruin the value of the
medicines; compounding these same
drugs is a hit-and-miss proposition if
they are allowed to absorb varying and
unknown amounts of moisture, making
basic weights of the ingredients ques-
tionable.

On the reverse of this last situation
are to be found some industries in
which lack of moisture in the air
makes efficient production impossible.
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Overhead ductwork in a paper sorting and cutting department

In dry air indoors during cold winter
weather, “‘static” causes a shock when
a person touches a metal doorknob or
wall switch. Under similar conditions,
static collects on fibers in textile mills
or on paper in printing plants. The re-
sult may not be an electrical shock that
can be felt, but production schedules
frequently cannot be maintained when
static is present: Threads become fuzzy
and break often; fabrics cannot be
woven evenly; papers stick and do not
feed uniformly into the presses. In
plants where static causes trouble the
air is humidified—moisture is added—
when the want of moisture in the air
makes a difference in production.

TEXTILE mills were among the first

to adopt the tool of air conditioning.
Control of indoor weather made possi-
ble the high-speed manufacture and
tremendous growth of rayon. Nylon
requires a low temperature during
processing. Fortunately, long use of
controlled temperatures and relative
humidity in textile mills has made pos-
sible the rapid development of synthetic
fabrics that are now being used for
parachutes, powder bags, and clothing
for our Armed Forces.

In the printing of maps and charts,
often in many colors, conditioned air
contributes largely to an accuracy
which would be impossible if this in-
dustrial tool were not used in press and
paper storage rooms. This is because
variations in temperature and humidity
may cause paper to expand or contract
between the times when the different
inks are applied.

Some industrial operations must be
done in dust-free air, since a particle

‘of dust may ruin the product. Clean air

is required in the assembly of precision
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Wall and floor duct installation in a precision tool plant

instruments; a dust particle in the
works could seriously impair the ac-
curacy of the gage, bombsight, or range
finder. Just as watches cease to be
good time keepers if not clean, so do
other precision instruments lack accu-
racy under the same conditions. Opti-
cal lenses, built up of several elements
of carefully ground glass, are virtually
valueless if dirt is permitted to fall on
the inner surfaces during assembly.

Besides being used as a production
tool, air conditioning serves in many
vital places outside of the factory.
“Cold banks,” that provide locker or
food storage in rural communities, pre-
serve the food in low temperature air
conditioning. Men in the services are
equipped and fed with the aid of con-
ditioned air. For example, fur coats
for fliers are kept in the best state of
preservation in low-temperature air
conditioned vaults; food refrigeration
on ships and in camps maintains meat
and other foodstuff at top quality.
Mobile photographic laboratories of
the Army are equipped with air condi-
tioning to assure accurate and speedy
photographic work in the field. Para-
chutes are made to last longer by being
stored, whenever possible, in condi-
tioned air to prevent mildew or other
deteriorating effects which might occur
in storage when the air is not con-
trolled.

So universal is the use of air condi-
tioning as a production tool, and so
great are its uses in preserving manu-
factured goods, that it is difficult to
imagine industrial America without
air conditioning. In many respects war
production as we now know it would
not be possible were it not for air
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cenditioning; it is a vital tool in help-
ing industry to produce the materials of
war needed to preserve the American
way of life. It is not, as some people
still believe, a mere means to comfort.

PAPER
For Many Wrappipg Purposes,
Is Stretchable

DEVELOPMENT of a new application
for creped paper has been made by the
Arkell Safety Bag Company. This new
paper, designed to take the place of
scarce textiles in wrapping and baling
materials for shipment, can be stretched
in all directions, providing a charac-
teristic which is claimed to protect the
paper against tearing in ordinary wrap-
ping services. This new paper is avail-
able in various grades and weights and
in roll or sheet form.

SHIP CLEANER

Can Remove O0il in
Presence of Salt Water

MERCHANT ships, battleships, tankers
—any ships which have been damaged
in battle, in fact—are usually badly
contaminated with heavy, black, tarry
bunker oil when received in repair
yards. This tar-like oil penetrates into
machinery and instruments and pre-
sents a serious removal problem, which
is complicated by the fact that the oil
is also associated with salt water,
which breaks down ordinary cleaners.

This unusual and pressing problem
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has recently been solved by the use
of Gunk P-96, a concentrated and self-
emulsifying degreasing solvent de-
veloped by the Curran Corporation.
This product can dissolve, emulsify,
and remove heavy concentrations of
fuel oil in the presence of salt water.

It is claimed that the action of Gunk
P-96 is so thorough that all traces of
oil are made water soluble and need
only be sluiced with a water hose to
rinse and decontaminate large areas
such as the hold of a ship.

It is also stated that degreased sur-
faces so provided are particularly suit-
able for the application of red lead.

SURFACES—Paints have been formulated
which can be applied under all conditions
under which a man can work—some paint
can be applied at temperatures as low as zero
degrees, Fahrenheit, on frosty or icy surfaces,
and can also be applied when the tempera-
ture is as high as 130 degrees, Fahrenheit.

GENERATOR “WATCHMAN”

Detects and Records Vibrations
in Rotating Shafts

AN automatic electrical “watch-
man” the size of a large box camera
has been developed by a Pittsburgh
research engineer to jot down a warn-
ing in red ink when it detects vibra-
tions that might eventually cripple a
power-producing machine. Harry G.
Werner, “machine-quake” expert at
the Westinghouse Research Labora-
tories, devised the instrument—a
midget-sized generator of electricity—
to measure in thousandths of an inch
the slightest tremors in the spinning
shafts of turbo-generators. By discov-

Adjusting an automatic ““watchman”
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ering quivers in shafts turning at 3600
revolutions a minute and recording a
warning, the detector provides a per-
petual diagnosis of giant power-house
machines.

Like a business chart, the vibration
record shows month after month how a
hard-driven steel shaft is performing.
“The line usually stays at a steady
level, registering normal balance,”” Mr.
Werner explains, “but in rare instances
the line deviates from its steady course,
warning that a vibration has developed.
That deviation tells a power plant
operator that a minor adjustment is
needed to eliminate the unbalance, re-
move the resulting vibration, and pre-
vent a possible breakdown.”

Mr. Werner's vibration detector
consists of a babbit-tipped rod that
touches a revolving shaft; a miniature
generator rated at about one millionth
of a watt; an amplifier to step up the
current to two or three watts: and a
recorder that pens a vibration “curve.”
Vibration in the shaft bounces the pen-
cil-shaped rod up and down. A coil
attached to the upper end of the rod
moves back and forth inside an electro
magnet. This action generates a tiny
amount of electricity that travels to the
amplifier where it is stepped up enough
to move a mechanical pen that marks
down a record of the vibration.

The slightest quiver in a silently-
spinning shaft is thus “felt” and re-
corded by the automatic instrument.
Change in intensity of vibration is de-
-termined by the deviation from a
straight line penned on a paper chart
moving through the recorder.

STRATEGIC—In 1921 Government officials

listed 42 strategic materials, vital to war,
which had to be imported, either wholly or
partially. Thanks in part to chemistry, metal-
lurgy, and their related sciences only 15 are
on the list now.

WO00D ARCHES
Advantageously Used
Instead of Steel

TONS of steel were saved in the con-
struction of the recently-built USHA
Recreation Center at Bremerton,
Washington, by specifying the use of
wood-and-glue laminated arches. The
six arches stretch 71 feet from foot to
foot and each weighs two tons.

In constructing these arches the
fabricators used 26,000 board feet of
dimension lumber, 1590 pounds of
Laucks casein glue and 10 gallons of
Rez, a synthetic resin sealer. The
arches were constructed in Seattle and
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were transported by logging truck to
the site. They were built in two sections
and were joined together in the center.

Wood-and-glue arches are said to be
superior to corresponding structural
members of steel in many ways. Lami-
nated beams such as these are particu-
larly adapted to this type of construc-
tion because they are easy to handle,
nmeet all structural requirements, and
while steel melts and buckles in the ex-
treme heat of a fire, laminated wood
will char and provide a much longer
fire-resistance period.

HIGH-OCTANE—The United States is the

world’s largest producer of high-octane
super-aviation gasoline. Present-day produc-
tion figures are secret, but a year ago the
output here had been set at the rate of
55 million barrels a year.

GAGE BLOCKS
Reclaimed by Controlled
Plating Process

A CONTROLLABLE chrome-plating pro-
cess has been developed for reclaim-
ing precision gage blocks worn to be-
low required accuracies. The method
by which the old blocks are built up
is stated to give them five times the
life as when they were new.

The three-step reclaiming process is,
briefly, as follows: First, the blocks
are lapped 0.0002 inch undersize.
Then an even coating of chrome plate
0.00015 inch to 0.0002 inch thick is
applied to each of two working sur-
faces, making the blocks from 0.0001
to 0.0002 inch oversize. In the third
step, the blocks are lapped to size.

They are checked for size and
parallelism on a Pratt and Whitney-
General Electric electrolimit gage. and
for flatness on an optical flat.

Maximum tolerance over or under
the required size is 0.000005 of an
inch (five millionths of an inch). The
average error is no more than one

An electrolimit gage is used to check
gage blocks for size and parallelism
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thousandth the thickness of a human
hair. The blocks are checked periodi-
cally with a master set to make sure
they are up to standard.

DIAMOND DUST
Now Being Recovered
in Half Former Time

PULVERIZED diamonds are used to per-
form one of war industry's “hardest”
jobs, that of polishing tungsten carbide

A small electric furnace is part of the
equipment for diamond-dust recovery

dies to a degree of smoothness which
eliminates much friction. Diamond dust
is the best substance for polishing tung-
sten carbide, one of the hardest com-
pounds yet devised by science. Dies
made of this compound are used in
drawing large size copper wire.
Diamond dust may be used over and
over again, but recovery is a problem.
During polishing, the dust falls into a
receptacle with oil, tungsten carbide
particles, and bits of cloth. The re-
covery ordinary requires large amounts
of acids which destroy everything but
the diamond dust, but a greatly simpli-
fied method, recently devised, requires
only small amounts of chemicals and
the process can be completed by techni-
cians in half the time formerly required.

PLASTIC BEARINGS
Self-Lubricated
With Fruit Juice

LARGE rotary fruit-juice extractors,
capable of turning out 200 gallons of
citrus juice per hour, now depend on
self-lubricating bearings of Lucite
methyl methacrylate resin to keep
going in wartime. Faced with a short-
age of bronze bearings, one machinery
manufacturer, after several months of
exhaustive trials with new materials,
found that, in addition to outwearing
other types several times, bearings

‘fabricated of “Lucite” were actually
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lubricated by contact with citrus juices
and periodic steam baths—two things
that always shortened the life of bronze
bearings. Du.Pont chemists have been
advised that the new bearings are
equally resistant to orange, grapefruit,
and lemon juices. “Lucite” is now on
high' priority—available for only the
most essential uses.

HORSEPOWER — American firms now en-

gaged in production of air-cooled an
liquid-cooled aircraft engines are. turning
out more horsepower every 15 days than
was produced here during the entire period
of World War 1.

PROP BLADES
Production Speeded by
Induction Heating

HEATING an airplane propeller-blade
shank for two important forming
operations in approximately one-fifth
the time formerly required, is said to
have resulted in one of the most time-
saving procedures to be adopted in war-
plane production. The shank is heated
by the Tocco process of heating by
electrical induction, a method origi-
nated by Ohio Crankshaft Company.
In the new process, the shank of the
hollow steel propeller blade is first
heated, preparatory to swaging, in a
100 kilowatt machine, which raises its
temperature to approximately 1700 de-
grees, Fahrenheit, in 150 seconds.
When the correct temperature is
reached, the operator hooks the blade
on an overhead spring balance crane
and conveys it to a huge National forg-
ing machine. capable of producing a
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Propeller-blade shank being rapidly heated by induction
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27-ton pressure, where it is swaged into
a true cylindrical shape.

At the completion of the swaging
operation, the blade passes through
two welding processes, a thorough in-
spection, and a lathe machining opera-
tion before it is again mounted on the
movable rack and heated a second time
for 210 seconds to a temperature of
about 2200 degrees, Fahrenheit.

When the proper heating is attained,
the overhead crane again conveys the
heated piece to the adjacent upsetting
equipment in a few seconds. The up-
setting operation consists of forming
the heated shank in a three-pass set of
dies to increase the wall thickness of
the shank from .520 inches to approxi-
mately 13/16 inch, and to decrease the
length of the shank area from 12-5/8
inches to 9-3/16 inches.

Prior to the adoption of the induction
heating principle, the blade shanks
were heated by means of gas furnaces.
Fifteen minutes were required for heat-
ing to the desired temperature, and
color of the heated work was the only
way in which the operator could judge
whether the correct temperature had
been reached.

REVERSE SYNTHESIS

Nylon is Reverted to
Original Chemicals

ONE of the most interesting new
projects developed in the Du Pont Ny-
lon Research Laboratory is in connec-
tion with the nylon salvage program.
This was undertaken because of the
urgent need for more nylon for govern-
ment use. The high-pressure synthesis
equipment which makes nylon chemi-
cals from coal, air, and water is already
taxed to capacity, and to make addi-
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tional equipment would Tequire large
amounts of strategic metals needed for
airplanes, ships and ordnance. The
logical alternative was to salvage ny-
lon scrap and make new nylon of it.

The dyed nylon material, including
the stockings which women are now
turning in at stores and other collec-
tion depots, is subjected to complicated
treatments. They are, in effect, chemi-
cally “unraveled” until the original two
starting chemicals from which they
were made—adipic acid and hexa-
methylene-diamine—are obtained.

First step is to boil the stockings in
strong hydrolyzing agent. In a labora-
tory demonstration this is done in a
glass flask, to which is attached a re-
flux condenser; on a plant scale it is
carried out in a lead-lined vessel. By
the end of the first hour of boiling the
stockings have completely disappeared
and the vessel contains only a dark
brown solution. A precipitate forms on
cooling.

Filtering through a glass fabric
separates the precipitate, which con-
tains the adipic acid, from the filtrate,
containing the diamine.

Each of the two components is now
purified. The adipic acid, which is a
powder and in the unpurified form may
be any color depending on the amount
of impurities present, is redissolved
and recrystallized and is then treated
with decolorizing agents. These steps

Nylon reversion on a laboratory scale

yield a very pure final product. The
diamine solution is neutralized by ad-
dition of lime, which produces a pre-
cipitate of calcium sulfate. The mother
liquor is drawn off and the water dis-
tilled off to leave the diamine. The
diamine, which has a higher boiling
point than water, is now distilled and
it condenses as a colorless liquid, which
becomes crystalline on cooling. The
“reverse synthesis” of a stocking into
its chemical components is now com-
plete.
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INDUSTRIAL
TRENDS

WHAT TO PUT IT IN

THE container industry—firequently thought of as made
up chiefly of producers of glass and tin containers—is in
such a state of flux at present that almost any outcome can
be anticipated, and with some basis of reason. Hence it is
of interest to scan some of the present and near-past
happenings, with a view toward watching future events and
interpreting them in terms of trends.

A bit of history will help to shape up the whole situation.
Scarcely possible does it seem that bottles have been made
in huge quantities only during the past generation. Before
1905, all bottles were made by hand—or, rather, by mouth.
Then came the invention that led to the perfection of bottle-
making machines, and bottles became both plentiful and
cheap. Long before that, however, the can manufacturers
had been making good use of automatic machinery for
high-speed production of sheet-metal containers.

Once the bottle manufacturers got started, they opened
new fields for their products, and during recent years have
penetrated deeply into territory formerly considered as the
private property of the can makers. Back and forth went the
balance, most recent and famous of the swings being the
virtual capture of the beer field by the can manufacturers,
only to have much of the business retaken by the glass men
with containers for the beverage which held all of the
advantages of the can and could be tagged with the slogan:
“Beer is better in bottles.”

But it is no part of our purpose here to hold forth on the
accuracy of advertising slogans, even when concerned with
the amber fluid that quenches many a thirst. The war put
a temporary end to the beer can, and to tin-plate containers
in many other fields. At the moment it appears that some
of the stress which necessitated this ending may be relieved
by improvements in the sheet-steel situation and by an
increased supply of tin, but even these bright spots do not
indicate any possibility of unrestricted tin-can production
before the end of the war. It is possible, however, that
there may be some relief in the matter of sheet-metal
containers that do not require tin-plate. This would include
such products as paints and dry materials that need the
protection of a metal container for one reason or another,
but do not need the corrosion-resistance of tin.

In the meantime, glass has been progressing favorably in
many spheres of packaging. Light-weight, strong glass
containers, reported previously in these pages, have taken
over much of the tin-can business, and probably will take
over much more, especially in the food container field.
Glass has the advantage of being made of non-critical mate-
rials, in which phase it leads many other products in that
it can meet extremely large demands, provided that labor is
available.

But all is not sweetness and light for the glass container
manufacturers. Research on fiber board, plastics, synthetic
rubbers of various kinds, and other possibilities in the pack-
aging industry have revealed many new ways of making
containers out of materials other than glass and metal
Then, too, “styles” in many things that require containers
are changing, making necessary corresponding changes in
the containers themselves. Dehydrated foods are one exam-
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ple, and an example that is going to have far-reaching
effects on our shopping and eating habits by the end of the
war, if not before. Many foods that can be successfully
dehydrated and ‘‘de-bulked” were formerly packed in tin or
glass, in their natural state. Now, devoid of water and often
compressed further to decrease their physical volume, these
same foods can be wrapped in water-proof paper, synthetic
film, or other covering that will afford whatever protection
is needed from deteriorating factors.

Then there are the frosted foods which, while not “dry”
in the accepted sense of the word, nor de-bulked, do not
require the protection of a tin can or glass jar. Here, again,
a wrapping of some sort is the only protection needed, so
long as the food is kept at the required temperature, and
once more the glass and metal container manufacturers
lose an old customer or a potential new one.

Of course, metal-container manufacturers have all the
business they can handle at the present time, either making
cans for food and other products on a restricted basis, or
engaged in the manufacture of one kind or another of war
materials. The glass companies are doing all right, too.
But there is a day coming—and it is to be hoped that it is
not too far in the future—when the military war is over
and the war of containers starts once more. Then it will
be more than just glass wersus metal; the know-how piling
up in other fields will be released . . . and the fight will
be on!

UP-AND-COMING POWDER METALLURGY

POWDER metallurgy, dealt with in detail in past issues
of Scientific American, is making a big place (exact size
maintained as a military secret) for itself in many present-
day industries. This definite and highly important trend
has been so clearly and patly put in The Research Viewpoint
of Gustavus ]J. Esselen, Inc., that we turn the rest of this
page over to the editor of that recondite reporter of indus-
try’s changing scene, and quote:

“. .. The process is more than 100 years old, but has
made especially rapid strides in the past few years, and
is creating a minor revolution in metallurgy.

“ .. It was in 1829 . . . that finely divided platinum was
pressed and sintered into solid ingots. Later the technique
was used to make finished products from tungsten, molyb-
denum, and other metals with melting points so high that
they could not be handled by ordinary molding methods.

“The next step was the production of high-speed cutting
materials such as the hard cemented-carbides, some of which
could never be made by any other method.

“The trend suddenly took another direction when the
powdered metal technique was applied to materials that
could be and always had been molded. In some instances
more intricate shapes, with closer tolerances, were obtained.
In others the production of scrap was eliminated. And what
interested industry even more, costs were lowered on
quantity production.

“The latest development, announced before the war made
all technological progress secret information, was the alloy-
ing of metals by mixing mixing two or more alloys in
powder form. This is known as diffusion alloying.

“When war restraints are removed, it looks as though
there might be a mad scramble among materials, with
plastics, wood, glass, metals, and metal alloys competing
with one another. As each one finds its place of maximum
economic usefulness it is likely that powder metallurgy
will become one of the standard processes contributing to

a more efficient post-war world.”
—The Editors
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Highways to Strategic Materials

Completed Portions of Pan-American Highway

Can Help the United Nations’ War Effort

EDWIN W. JAMES

Chief, Inter-American Regional  Office,
United States Public Roads Administration

THE construction of the Pan-Ameri-
can Highway is a monument to the
co-operative spirit of the Western Hem-
isphere republics, in sharp contrast to
the holocaust of destruction now con-
suming the social and economic fabric
of the Eastern Hemisphere.
The universal shortage of
ship transportation has in-
creased the importance of
the Pan-American Highway
as a potentially vital factor,
not only in the “Battle of
Supply Lines,” but also in
the “Battle for Raw Mate-
rials,” so essential to our
increased war production.
South America is veritably
a storehouse of strategic
materials for the great muni-
tion industries of the Arsenal
of Democracy, and is now
more important than ever
before as a source of strate-
gic materials formerly ob-
tained from the Far East.

The Pan-American High-
way System has been under
construction for almost 19
vears. When it is completed.
nearly half a billion dollars
will have been expended on
it. Construction and im-
provements of this highway
system are continuing today
throughout the Americas.

FFor the internal move-
ment of materials in South
America there already exist
various railroad, air, and
river shipping facilities. Others which
have been proposed or are under con-
struction can be codrdinated with the
Pan-American Highway. The course
of the highway has been strategically
laid out so that there are now conven-
ient connections with other forms of
transportation.

Highway transportation has figured
very prominently in this world crisis.
Our Government has recognized the
importance of highway tranportation
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for the movement of materials by grant-
ing large loans and appropriations to
the other American republics, totaling
between 85 and 95 millions of dollars,
for the building of the Pan-American
Highway through Central and South
America. The same objectives are in-
volved in the recent decisions to rush
a “pioneer road” from the Mexican-
Guatemalan border to Panama City,
soon to be linked with the Mexican

Between Rio de Janeiro and Petropolis, Brazil

railway system leading north to the
United States border, and to rush
to completion the Canadian-Alaskan
Highway to make it available for motor
transportation for defensive as well as
offensive operations. But even these
loans and appropriations may be in-
adequate if speedier construction- is
wanted.

The wisdom of a planned interna-
tional highway system as a basic part
of our war program has heen dramati-
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cally exemplified by China’s Burma
Road over which has moved strategic
materials. Reports indicated that a
large percentage of the truckloads con-
sisted of fuel—there being few sources
of gasoline supply on the road. Such
trucking of fuel would not be necessary
along the Pan-American Highway
System, since some fuel facilities are
now available and gasoline depots
could readily be established.

Ships still are the principal means of
moving commodities in inter-American
trade. Therein is the crux of the inter-
American transportation problem. It is
the long sea distance which makes this
menace to our shipping so crucial. If
transportation between the Americas
over the long sea routes can be sharply
reduced and if, at the same time, a
continuous flow of essential supplies
can be maintained, we are on the way
to a solution of the problem.

Shipping distance from
Buenos Aires, Argentina, to
New York is 5871 nautical
miles, if ships follow the
normal peacetime shipping
lanes around the north-
eastern hump of Brazil, and
then sail in a straight course
in the general direction of
Cape Hatteras and thence
to New York. The usual
freight ship passage during
peacetime over this route re-
quires 24 days and often
more. A major portion of
the trip is in the South
and North Atlantic Ocean,
where the incidence of ship
sinkings has been highest,
including sinkings of ves-
sels of South and Central
American registry. A part
of the voyage from Trinidad
north is made in secondary
naval and aerial patrol zones.
Through a greater part of
the trip, ships do not have
the primary protection of the
Army or Navy patrols ex-
cept at the time ships are
about to enter waters ad-
jacent to ports of destination
in the United States.

Obviously there is a great
advantage in routing shipping over the
Caribbean Sea and the Gulf of Mexico.
Not only is the sea route shortened.
but the Gulf and Caribbean region is
already under the vigilant eyes of
Army and Navy, because of its prox-
imity to the Panama Canal. The con-
centration of the major part of inter-
American transportation in this area
would also permit concentration of
Army and Navy protective units in this
region. Thus protection will be in-
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Economic importance of the Pan-American Highway System can readily be seen from this sketch map

creased in proportion to the shorten-
ing of the dangerous sea distance.

In weighing alternative combinations
of land and water routes, it is the South
American section of the Pan-American
Highway with which we are at present
concerned. Except for about 2000 miles
of continuously surfaced roads in Mex-
ico, the 3500 miles of the North
American section of the Pan-American
Highway (known as the Inter-Ameri-
can Highway north of the Panama-
Colombia border) is not being consid-
ered, as that section is still under con-
struction. Some intermediate sections
are completed, but will not be contin-
uously connected until June, 1943.
Approximately 300 miles of territory
in southern Panama and northern
Colombia are still only semi-explored.

The South American section of the
Pan-American Highway between La
Guaira, Venezuela, and Rio de Janeiro,
Brazil, is about 8200 miles long, fol-
lowing for the most part the Pacific
Coast through Colombia, Ecuador, and
Peru, and continuing southeast through
Bolivia and Argentina and thence
northward along the Atlantic Coast
‘hrough Uruguay and Brazil.

The Pan-American Highway’s com-
pleted and projected routes are traced
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on the accompanying map. Reports
reaching the Public Roads Administra-
tion as of August, 1941, indicated that
the highway in South America was
76.1 percent finished for “all weather”
driving—which means all-year ’round.
An additional 20.3 percent is “dry
weather” road, which can be used six
months during the year, bringing the
total of useful highway to 96.4 percent
for at least six months in the year.
During the past year additional con-
struction and improvements probably
have moved this last figure up to about
98 percent.

rRoMm April to November, in the

12,600-foot Uspallata Pass in the
Andes Mountains, at the border of
Chile and Argentina, winter snows ac-
cumulate and prevent normal move-
ment of wheeled traffic between the two
countries for about six months of the
year. If increased traffic warrants it,
snowplows could keep this road open all
year. The map shows the alternate
central route north of Buenos Aires,
Argentina, to La Paz, Bolivia, con-
necting with the western branch of the
Pan-American Highway to Vitor,
Peru. This route could be utilized to
service Argentina, Uruguay, Para-
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guay, Bolivia, and portions of southern
Brazil during the winter months, so
that there can be free movement of
vehicles over the highway all during
the year.

Truck transportation over the Pan-
American Highway is expected to be
a principal feature of future trade
among the other Americas. Trade
among the American republics is more
important than ever before now that
they are cut off from many foreign
markets. Even if the present rate of
shipping could be maintained, which is
doubtful, normal requirements are not
being met. A plan to supplement ship-
ping by utilizing trucking over the
highway for transportation to the
United States of vital strategic supplies
would be an important step in provid-
ing materials for urgent production of
military weapons as well as maintain-
ing South America’s economy.

Recent reports from Peru indicate
that plans are being considered to
solve local transportation problems
engendered through the shortage of
shipping by using truck convoys over
the Pan-American Highway to haul
goods from southern to northern Peruy,
over a distance of about 1000 miles.
These plans propose to accumulate
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cargoes in northern Peru and thus save
a thousand miles of ship movements.

The question may be raised as to
whether necessary supplies and service
facilities exist in South America to
provide for a large-scale, long-haul
trucking movement. There is oil in
Venezuela, Colombia, Peru, and Ar-
gentina; Venezuela is the second larg-
est oil producer in the world.

THERE is rubber in Brazil, Colombia,
Bolivia, Ecuador, Peru, and Venezue-
la. There are 12 tire factories in South
America. Recently, United States gov-
ernment agencies have sent many
technicians to South America to stimu-
late increased production. Forty thou-
sand tons of crude rubber annually is
expected to be produced in the other
American republics by 1943, with pro-
gressive increases each year thereafter.

As to other facilities: Every part
of the highway, where constructed,
is now being used for inter- and intra-
American trucking and bus travel, al-
though up to the present it has not been
used extensively for the transportation
of strategic materials to the United
States, except for limited quantities
coming from Mexico. The Mexican
section of the Pan-American Highway
and other Mexican national and auxil-
iary highways provide a continuous
system of about 2000 miles of surfaced
roads directly connected with those of
the United States.

Even though we assume that motor
transport costs exceed wartime ship-
ping costs by a considerable margin,
the fact that we have at present in-
sufficient shipping at any cost to fulfill
our needs should eliminate this factor
as a basic consideration. Such cost
differences as exist, when measured by
United States prices, may be substan-
tially reduced by the lower wage scales
prevailing in most South American
countries and the added economy of
operation of Diesel-motored trucks.

As a proposed partial solution, a
general movement of critical and stra-
tegic materials could emanate from
Argentina and southern Brazil and ac-
cumulate westward through Chile, and
northward through Bolivia, Peru, Ecu-
ador, Colombia, and Venezuela, toward
seaports situated on the Caribbean Sea
and the port of Buenaventura on the
west coast of Colombia, on the Pacific
Ocean.

Secondary roads, airports, and rail-
ways are built in and adjacent to this
region and around the ports of Mara-
caibo and Puerto Cabello in Venezuela,
and Barranquilla, Cartagena, and Santa
Marta in Colombia. At these “ports of
accumulation” there already are stor-
age warehouse facilities and more
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could quickly be built. Colombia’s own
road program includes’ improvement
and éxtension of secondary roads in
this area. Another important Ilink,
which is nearing completion, is a new
highway which will connect Cali and
Palmira, Colombia, on the Pan-Ameri-
can Highway, with the port of Buena-
ventura on the West Coast.

Peru and Bolivia, too, are stepping
up auxiliary road construction. Near-
ing completion is a 350-mile highway
which will eventually link Lima, Peru,
with its eastern empire across the
Andes to Tingo Maria, site of a new
agricultural experiment station.

rRoM the South American Caribbean

ports shipments could be made to the
United States. This routing would re-
duce the ocean distance to passage over
the Caribbean-Gulf region only. Allied
vessels also could make pickups for
British, Chinese, and Russian distri-
bution. This would eliminate thousands
of miles of precarious ocean travel by
British and other Allied shipping. This
routing would avoid voyaging north or
south along the east and west coasts of
South America.

Ships crossing the Gulf of Mexico
from the “ports of accumulation” could
be docked ‘in the United States at
Houston, Texas; New Orleans, Louisi-
ana; Mobile, Alabama ; at Tampico and
Vera Cruz, Mexico (highways and
standard gage railways to the United
States border run from these Mexican
ports; or at other United States ports
adjacent to manufacturing centers or
strategically close to Army and Navy
establishments, railheads, or inland
waterways, or river systems. From
these ports rail, river, plane, or truck
transportation could assume the final
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Progress on a road construction project in Costa Rica

task of domestic distribution of goods.

Another alternate shipping route is
that from the oil center and port of
Talara, Peru, or from the port of
Buenaventura, Colombia, northward
up the Pacific Coast to the port of Aca-
pulco, Mexico (a surfaced highway
connects with the Pan-American High-
way at Mexico City, leading to the
United States border), or the ports of
Mazatlan, Manzanillo, and Salina
Cruz, which are connected with the
United States by standard gage rail-
ways, or ships can sail directly to
United States west coast ports. There
have been very few ships sunk off the
Pacific Coast of North and South
America by the Japanese and the
smashing attacks made by the United
States Navy against the Japanese
Navy in the Battles of Midway and
the Solomons bodes ill for raiders in
this area.

The Pan-American Highway could
compensate in part when the enormous
tonnage, and practically the entire con-
voying strength of the United States
and our allies, may be mobilized for
shipping troops and supplies to open
new fronts. With new battlefronts
rapidly developing, inter-American
supply lines may have little or no
protection against undersea attack.
Every mile of highway built and used
now may mean the saving of lives,
ships, and vital cargoes of strategic
materials for our war industries. De-
velopment of the Pan-American High-
way as the “Lifeline of the Americas”
should prove of inestimable value in the
international effort to maintain a con-
tinuous flow of raw materials to United
States war industries, and a return
flow of essential goods to the other
Americas.
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BEYOND THE HORIZON

EMINENTLY realistic and practical is the view which a
group of New York business men and technologists are
taking of the post-war industrial world. In the days to
come, they argue with irrefutable logic, those industries
which have prepared for the inevitable transition from war
production to peace-time activities will be the ones which
will prosper; others will languish and possibly fail.

The well-known path toward such preparedness for peace
is research, applied now to future problems. Through re-
search it becomes possible to plan new civilian uses for
military products, to determine means for machinery and
product conversion, to take out insurance, so to speak, on
what lies as yet beyond the horizon. But many important
industries today lack research facilities, do not have the
manpower to establish planning departments, perhaps do
not have personnel with the depth of vision needful for
peering into the as yet unknown.

It is to aid just such industries that the aforementioned
business men and technologists have banded together in
a post-war planning board. The members of this board,
selected from a number of fields of endeavor in which they
hold outstanding positions, represent a sum-total of talent
the equal of which could be employed, if available, only by
the largest of industrial organizations.

Yet the services of this planning group are now at the
disposal of the smaller manufacturer, whose specific or
general problems will be considered by specialists. Recom-
mendations will then be made for changes, developments,
or what ever, in the opinion of the experts, may be neces-
sary to fit the machine, the product, or perhaps the manu-
facturer’s organization itself to the needs of the future.

By such an approach the smaller, and many a larger,
manufacturer will be relieved of his worries about the
problems of tomorrow. With these worries poured into a
pool of experts, he can concentrate more completely, and
successfully, on the business of the moment. Out of the
pool, in due time, will flow the answers, unless, indeed,
the problem proves to be completely unsolvable.

Such a realistic approach to post-war industrial activities
is highly encouraging, showing as it does that some people
are doing more than talking about the future. The fore-
sighted are planning for it.—A4.P.P.

SECRECY VERSUS PATENTS

'WARNING that emasculation of our patent system is a
danger even closer today than ever before, Dr. Robert E.
Wilson, president of the Pan American Petroleum and
Transport Company, recently told members of the American
Chemical Society, and others, that there is a definite possi-
bility that such emasculation would result in a reversion to
the dark ages of secret processes.

“Our patent system is in real jeopardy,” said Dr. Wilson.
“This jeopardy is due to public misunderstanding which in
turn is largely due to deliberate misrepresentations as to the
nature of the patent monopoly and the part which- patents
play in encouraging invention and the prompt disclosure
of discoveries and inventions to the public. The inevitable
alternative of secrecy would tremendously retard the prog-
ress of both science and industry in this country.

“It is high time for scientists to join the patent bar and
trade organizations which have heretofore borne the brunt
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of combatting the threat of our patent system which
jeopardizes the whole future of industrial research. Unless
our scientists help to educate the lay public as to the facts
of the situation, ill-considered legislation may be adopted
which would hamper all research, prevent the prompt and
free exchange of information, destroy the market of the
independent inventor, and discourage the continuance of
American industrial research, of which we are so justly
proud.

“Probably the most serious effect that emasculation of
our patent system would have on the future of research
would be to encourage the use of secret processes. This
would be highly unfortunate, since one of the principal
reasons for the rapid advance of science and technology in
the past 30 years has been the practical elimination of the
secret process in favor of full disclosure and patenting as
the preferable method of protecting one’s rights and interests
in his invention.

“If we take away a large part of the reward for disclosure,
the tendency to revert to the dark ages of secret processes
will be inescapable. The loss to our country would not be
merely that due to the absence of competitive use of the
process but even more in the slowing down of the exchange
of basic information and new ideas.

“Inter-company research conferences and reports on new

lines of development would practically cease and early

publication of research work would seldom be permitted.
Industrial espionage would rear its ugly head, and efforts
to prevent it would force the elimination of the ‘open door’
policy of most of our industrial laborateries.

“Even though the attempt at secrecy might usually fail
within a few years, the cumulative effect of the loss of time
between successive improvements would tremendously retard
our progress. Under present conditions new discoveries are
frequently published long before the patent is actually issued,
and the effect on the whole tempo of industrial progress is
tremendous because so little time elapses between the dis-
covery and the general availability of the information to
stimulate new researches in a variety of fields not originally
dreamed of by the original discoverer.

“We must also not overlook the effect of a drastic
weakening of our patent system on our future ability to
get information from abroad,” Dr. Wilson said in summa-
tion. “Manufacturing conditions aboard are usually better
adapted to protecting the secrecy of processes than in this
country, and it is only the liberality of our patent system
and the existence of a real market for worthwhile patents
which has led most foreign patentees to. make early appli-
cation for a patent in this country.”

None of what Dr. Wilson has to say in any way militates
against revisions of our patent system to meet changing
times; it cannot be too strongly emphasized, however, that
the system itself is basically sound and should not be
tampered with to meet crackpot or political or other selfish
ends.—0.D.M.
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SCIENTIFIC RESEARCH

In Many Ways that Are Commonly Overlooked,

Water is Involved in our Physiologic Processes

ARTHUR L. MEYER, M.D.

Formerly on the Staff of the Rockefeller Institute
for Medical Research, and Associate Professor of
Physiology in The Johns Hopkins University

AQUIZZICAL old gentleman once
remarked that, in his opinion,
the oceans were greatly overdone. I
think that most of us, however, will
easily appreciate the wisdom that
prompted so wide a distribution of
water over the face of the earth. With-
out water, life would be as non-existent
as it is on the Moon. If, then, our planet
is to continue as a habitat for living
things, there must never be the slight-
est danger of a general and thorough-
going drought.

It's really amazing how largely the
human anatomy is composed of water.
If a cadaver, weighing 170 pounds,
and free from abnormal accumulations
of water during its lifetime, were thor-
oughly descicated, it would weigh only
about 50 to 60 pounds. We are,. there-
fore, in very large part nothing more
than animated masses of water. What
is true of man is also true, of course,
of all the representatives of the plant
and animal kingdoms. The further fact
that the youngest, the most actively
growing forms of protoplasm, are high-
est in their water content indicates
that water must have been very inti-
mately concerned with the origin of life
itself. And it is precisely by this token
that the shrinkage of the senescent
frame is prophetic of impending death.

It might seem that living matter,
with its remarkable capacity for
growth and reproduction, mental and
spiritual achievement, would require
something vastly more mysterious than
water as its major ingredient. But
strange to say, it is one of the char-
acteristics of life to use only the most
commonplace material in its structural
organization. It shuns radium, gold,
and platinum, but it does seize upon
such things as carbon, oxygen, nitro-
gen, hydrogen, sodium, calcium, mag-
nesium, sulfur, and iron; that is to
say, elements which are among the
most abundant in Nature.

Some of the reasons for the indis-
pensable place that water occupies in
the scheme of life are easy to under-
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stand. Water is an ideal solvent. I can
think of no beverage adapted to human
consumption, having a solvent other
than water, and T am not forgetting
milk. Even the most bibulous among
us prefer to take their spirits in aqueous
solution. And there is something about
water which makes it the most ac-
ceptable of solvents to oxygen, so gen-
erously provided by the atmospheric
ocean in which we live. Before satis-
fying their innate affinity for the iron
of hemoglobin, the molecules of oxy-
gen are jostled about in the watery
plasma of the blood. They seem to like
this. Otherwise they would not so
willingly become disengaged from the
hemoglobin, and submit to another
jostling in a ,watery medium before
their final union with certain tissue
elements. The tissues, however, are
calling for other things besides oxygen.
They need fuel. It would be hard to
imagine how a dish of salmagundi
could provide sustenance to hungry
cells if, after suitable preparation in
the central cuisine of the body, it
weren’t given transportation to places
where it was most needed. The reason
that this is accomplished so effectively
is partly because the vehicle of trans-
portation is water.

THE living furnace, unlike the house-

hold furnace, is obliged constantly to
attend to the removal of its own waste
products. Oxygen burns carbohydrates
and fats into carbon dioxide and water
as completely within the body as it
would in a bomb calorimeter. Since wa-
ter isn’t really a waste product, it is re-
tained so far as possible, but carbon
dioxide is carried into the lungs, where
it finds an easy exit by passing up the
flue, so to speak. Things are very dif-
ferent in the case of proteins, however.
Proteins are only partly burned in the
body. The residue, which is known as
urea, appears as one of the constitu-
ents of urine.

The digestive juices which are daily
poured into the alimentary tract con-
tain about four quarts of water. In a
less economical system all of this
water would be cast off with the in-

digestible remnants of food. But our.

bodies think highly of this water, and

SCIENTIFIC AMERICAN

return most of it to the circulation.
Since the volume returned ‘is about
four times the amount that the average
person drinks each day, our intake of
water would have to be considerably
greater than it is, were it not for this
provision of Nature.

Though every effort is made to con-
serve the body’s water supply, certain
loses are unavoidable. The water in
the solid excreta serves as a lubricant.
The urinary output carries with it the
refuse of general metabolism. The
water which is constantly evaporating
from the lungs aifd skin surface is
known as insensible perspiration, and,
because of its cooling power, is one of
the factors regulating body tempera-
ture, thus reminding one of the hot
desert custom of cooling water by plac-
ing it in earthenware jars. On occa-
sion the body dilates its peripheral
blood vessels and brings into action
innumerable miniature geysers, called
sweat glands. But for this, and a suffi-
ciently dry atmosphere, a thermometer
rising to uncomfortable heights would
be rather enervating during a stiff
bout of tennis.

BEVERAGES are by no means the only

source of our water supply. Every
portion of fruit or vegetable or meat
contains water, and every bit of carbo-
hydrate, fat, and protein that we burn
within our bodies is actually converted
partly into water. Furthermore, the
body has a commendable habit of stor-
ing water against a temporary short-
age. Whenever the reserves in the skin
and muscles run low, we are promptly
informed by a signal which we recog-
nize as thirst. In the simple act of
satisfying our thirst, we are adequately
safeguarding our water balance. This
thought should be a comfort to those
who are given to fretting overmuch
about their water intake.

When we drink “plain water,” we
are not drinking water in a state of
unmixed purity, to be sure. There is
no such thing in Nature. What we
drink is always a mixture of the mole-
cules of ordinary and “heavy” water
plus something else—a solution, in
other words; for even rain-water, prod-
uct of a gigantic distillery, contains a
dash of ammonium salts and certain
gases to give it a tang, presumably lest
plants should otherwise find it too in-
sipid. On issuing from our springs,
having percolated all manner of soil,
it has become ‘“hard,” or chalybeate,
or sulfurous, or radioactive, or what
not. One sometimes marvels that its
further exposure to such things as
chlorine, copper sulfate, alum, and cal-
cium hydrate, during the rites of chem-
ical purification by our sanitary ex-
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perts, should still leave it potable, not
to say wholesome, when it comes from
our hydrants.

But long experience has made life a
connoisseur of solutions. The blood
plasma, tissue fluids, lymph, and cell-
sap are all watery solutions of
sugar, salts, and albuminous materials.
Though an exchange is constantly
going on between them through parti-
tions of delicate fabric, they are always
kept in a state of “osmotic” balance.
What passes from one to the other
depends on the kind of specialization
achieved by the partition itself. Some
of these living membranes are per-
meable to water only. Most of them
permit the diffusion of water and
crystalloids, and many of these also
allow proteins to pass, while others
have denied a free thoroughfare to the
protein molecule.

E'LL assume that on a hot summer’s

day your sweat glands pour out
four pounds of water in an orgy of liba-
tion to the goddess of badminton. You
make good the loss by drinking water,
-and your kidneys, always on sentinel
duty, prepare a urine containing suffi-
ciently less salt to compensate for what
is lost in the sweat; for the body, you
see, conserves salt as well as water.
Should you, by any chance, over-
indulge in water, the kidneys would
simply get rid of the excess, except
for a portion which might be held for
storage.

When the body cells live together in
peace and comfort, the disposition they
make of their water supply is very
different from what we see in times of
stress, or under conditions which alter
the vital fabric.

Abdominal cramps and an intense
feeling of fatigue and depression may
sometimes be met in stokers, miners,
steel workers, and others engaged in
extremely hard work in extremely hot
places. The overtaxed muscles and
sweat glands of these men are ' so
greedy in their demands on the cir-
culation that the kidneys for the time
being are out of action. In these cir-
cumstances, a heavy drain on the salt
reserve, uncompensated by a corre-
sponding intake, and a gulping thirst,
over weeks and months, can do little
else than produce a state of chloride
shortage.

In the under-world the Danaides,
you may recall, were assigned the task
of forever lifting water in sieves. The
story comes to mind as I think of dia-
betes insipidus. In this disease the
kidneys have become profligate, for
some strange reason, of the body’s
water, and permit as much as 40 pints
to pass, as through an ordinary filter,

MARCH 1943

in a single day. As the sieves of the
daughters of Danaus probably retained
things other than water, so the kidneys
in this disease retain sugar and pro-
teins. Except for its watery color and
enormous volume, the urine is fairly
normal. Persons with diabetes insipi-
dus are therefore not diabetics in the
ordinary sense of the term.

An extraordinary loss of water is
again prominent in the foreground of
cholera; this time from the bowel.
Water passes into the bowel from the
blood stream against the usual traffic
signals, as if in a desperate effort to
flush out the invading germs. Water
entering the body in abatement of a
burning thirst fails to negotiate the
barriers temporarily set up between
howel and circulation. Hence the blood
becomes viscous, and more viscous,
until at last we have a condition re-
sembling a plumbing system filled with
molasses. And yet, mirabile dictu, in
some instances, the diarrhea vanishes,
the body warmth returns, the kidneys
again function, and the patient re-
covers.

Though water is one of the simplest
of substances, the mechanism of its
physiological behavior is not so simple.
At this point, therefore, rather than
yield to the temptation of discussing
the physical forces of solution, ioniza-
tion, diffusion, and osmosis, let me
conclude with a word of assurance.
To those who harbor a fear of nausea,
dizziness, and motor incoordination
from too liberal an intake of water, it
may be said that, while “water intoxi-
cation” is an entity experimentally
demonstrable in some animals, the
possibility of its occurence in human
beings is quite remote. Too little water
is far more likely to be disturbing than
too much water. And finally, if there
are those who suspect water of being
a causative agent of their obesity, let
me remind them that by no alchemy
has water ever been transformed into
fat. It may add to one’s weight, but not
to one's embonpoint.

ULTRA-SONIC
Focused Ultra-Sound Waves
From Curved Crystals

ULTRA—SONIC waves, which are in-
tense sounds of such short wavelength
that they are far beyond human hear-
ing, have been produced in a focused
beam in the laboratories of the Col-
lege of Physicians and Surgeons, Co-
lumbia University. Turned on liver
and other animal tissues, they have a
destructive, “cooking” effect in the
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spots where they were focused. They
also throw water upward in a mound-
like jet, melt holes in paraffin blocks,
and have other striking physical ef-
fects.

The new work with ultra-sonics is
being done by a three-man research
team, John G. Lynn, Dr. Raymund L.
Zwemer, and Arthur J. Chick.

Ultra-sonic waves are produced by
specially cut pieces of rock crystal—
piezo-electric crystals—which vibrate
tens or hundreds of thousands of
times a second when stimulated by
high-frequency electric currents. (Hu-
man auditory range stops at about 20,-
000 cycles a second.)

Biological effects of ultra-sonics
were first studied about 15 years ago
by Prof. R. W. Wood of the Johns
Hopkins University, Prof. E. Newton
Harvey of Princeton University, and
Dr. Alfred L. Loomis of Tuxedo Park,
New York, in the latter’s private lab-
oratory. At that time, the crystals used
were flat, so that the “beams” of ultra-
sonic waves went out in straight or
somewhat spreading lines. In the new
experiments at Columbia, curved crys-
tals are used, which have the effect
of focusing the waves at a point, like
the concentrated light beams passing
through a lens. Their effects are thus
at once localized and intensified.

INSECT SIGHT—Experiments indicate that

honey bees and fruit flies can see ultra-
violet light, which is invisible to human eyes,
reports the Better Vision Institute.

PISTON STUDY
Facilitated by New
Photographic Development

AUTOMOTIVE engineers have put pho-
tography on the job of ascertaining
how well lubricating oils meet the se-
vere requirements of actual service.
The camera is built into what they
call a “piston-photographing machine,”
which produces an image of the entire
piston surface upon a single plane with
practically no distortion. In use, a test
piston is slowly rolled and revolved
at constant speed along an arc. It pre-
sents each point of its circumference
equidistant from the center of the arc
for photographic exposure through a
4-inch slot, which moves with the
piston and is in line with the point of
contact and with the camera lens. The
resulting picture clearly reveals all
marks, such as those of the original
finish, scuffs, scratches, carbon de-
posits, varnish, and so on.
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A Dream Almost Attained

A New Success Seems to Bring Astrophysics Still

Nearer to the Rounded Solution of a Major Problem

HENRY NORRIS RUSSELL, Ph.D.

Head of the Department of Astronomy and Director of the Observa-

tory at Princeton University.
Wilson Observatory of the

HE EARLIER history of astronomy

fell into two stages: first, that of
observation in which the orbits ef the
planets and their laws of motion were
determined, and their distances and
dimensions approximately found; and
second, that of theory and observation
combined, when these empirical laws
were shown to be consequences of the
principles of dynamics and gravita-
tion. It then became possible to deter-
mine quantities—such as the masses of
the Sun and the planets—which had
previously been outside even the range
of speculation, and to predict all the
possible kinds of orbit which a body
moving near the Sun could have, and
to explain the motions of comets, and
by other applications to account for
such things as the tides.

A similar advance in the newer
science of astrophysics has taken place
in our times. Forty-two years ago
(when the writer began his contribu-
tions to this journal), though much
fewer observations were available than
now, it was possible to find the dis-
tances, luminosities, masses, diameters,
and so on, of enough stars to give us
a fair idea of their properties. The
spectroscope gave us extensive knowl-
edge of the composition of their atmos-
pheres, and revealed the existence of a
long series of inter-grading types. We
knew a great deal; but we had little
or no idea of what a star ought to be
like, on general principles, or of the
real significance of such things as the
spectral sequence.

The great awakening came this time
with the discovery and development
of the principles of atomic physics,
which have done as much for astro-
physics as those of gravitation did long
ago for astronomy.

Knowledge which once seemed be-
yond even the dream of attainment is
now in our grasp and we are far to-
ward a solution of the deductive prob-
lem: Given a large quantity of matter,
of known composition, isolated in

116

Research Associate of the
Carnegie Institution of Washington

Mount

space: Into what conhgurations can
it settle down for a long-enduring
career? Will it be self-luminous? If
so, how big, bright, and hot will it
be? And what will be the spectrum of
its light?

We need only recall in a few words
how Eddington showed that any large
mass—more than a tenth of the Sun's
—would be so hot inside that it would
be hot outside and self-luminous, and
that the brightness would increase
rapidly with increasing mass and
slowly with diminishing diameter.
This explained why a star of the Sun’s

mass should be of about the Sun’s

brightness, but not why it should be
of the Sun’s size. Later, Bethe found
a set of reactions between atomic
nuclei which accounted for the gradual
and self-regulating production of
enough heat to keep the stars shining
for billions of years; and this indicated
that a star of the Sun’s mass and
brightness should be also of about the
Sun’s size and therefore of the Sun’s
surface temperature and color. To fit
the Sun exactly, the mass would have
to be composed mainly of hydrogen
and helium, with a small percentage of
heavy elements.

WE HAVE, therefore, a reasonable
explanation, on general principles,
why stars like the Sun are what they
are—and likewise brighter and hotter
stars like Sirius and Procyon, and
cooler, fainter ones like 61 Cygni.
What happens inside the great red
giants like Arcturus and Antares we
do not know yet.

Passing from the general properties
of the stars to their spectra, reasoning
along the lines initiated by the Indian
physicist, Saha, shows that in the
atmosphere of a star of the Sun’s tem-
perature some elements, like helium
and neon, would not have their atoms
stirred up enough to fit them to absorb
lines in the observable part of the
spectrum. while others, like potassium,
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are so easily affected that few atoms
remain in condition to produce observ-
able lines. This explained not merely
why the solar spectrum looks as it
does, but why some lines get stronger
and others weaker in the spectra of
the hotter stars, while other changes
happen for the cooler ones. The whole
sequence of spectra was thus explained
at one sweep, and refinements such as
the differences in finer detail between
the spectra of giant and dwarf stars
of the same temperature soon yielded
to the analysis.

At the same time another riddle was
solved—why the surface of the Sun.
which is far too hot to contain any
solid particles or liquid drops, looked
like a sheet of incandescent cloud, with
markings on it such as sunspots. The
medium is purely gaseous; but it is
full of free electrons, and the inter-
action between these, the light-waves,
and the charged atoms from which the
electrons have been lost, make the gas
hazy, so that we can not see very deep
into it and it looks substantially like
patches of ground-fog- seen from a
height.

NLY the atoms or molecules .in the

atmsophere above this fog can
absorb the spectral lines that we ob-
serve. To be more precise, the fog
thickens gradually downward, and we
must count the atoms which lie above
a certain average level where it is
already pretty thick.

On these principles it has been possi-
ble to make a surprisingly good quanti-
tative analysis of the atmospheres of
the Sun and of many stars. They are
found to be composed mainly of hydro-
gen and helium with only a whiff of
atoms of other kinds; but the relative
abundance of these heavier atoms is
remarkably similar from star to star,
and remarkably similar in general to
that in the surface crust of the Earth.

With all this long list of successes,
the theory failed in one point until
recently. It indicated that the lines in
stellar spectra, and in the solar spec-
trum in particular, should be much
wider and darker than they are actually
observed to be. The Sun’s atmosphere,
down to the impenetrable haze, is sur-
prisingly shallow. The first to realize
this fact, long before its full implica-
tions could be realized, was that great
pioneer in astrophysics, Sir Norman
Lockyer. Sixty years ago, he exhibited
to a scientific audience in London the
sodium lines in the Sun’s spectrum,
and the same lines as absorbed from
white light by passing through a salted
Bunsen flame an inch thick. The latter
were the stronger—and so, said he,
we know that there is less sodium per
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square inch in the Sun's atmosphere
than in this flame.

It was more than 40 years before
this half-forgotten remark was fully
appreciated. Now we know that Lock-
ver was entirely right; but why the
solar lines of sodium, and other ele-
ments, should be so faint began to be
explained only three years ago.

Qualitatively, we understood per-
feetly well that, when an electron
passes close to a charged atom and
changes its “orbit,” or when one is
captured by an atom and later knocked
off, light is emitted or absorbed in
such a way that the gas, as a whole,
scatters light of all colors, and behaves
like a thin fog. But when the theory
was developed far enough to permit of
fairly accurate calculation of this
scattering, it was found to be much
too small. We should see deep enough
down into the photospheric fog to
leave at least ten times as many atoms
working above it as are required to
produce the observed spectral lines.
Evidently there was some additional.
and powerful, source of haziness in
the atmosphere.

SIMILAR situation was found in

the cooler stars in general. In
the A-stars, like Sirius, where the
very numerous hydrogen atoms are
split up, the calculated scattering
agreed tolerably with observation.

In 1939, Wildt, who knows more
modern chemistry than most other
astrophysicists, saw where the answer
was. The Sun’s atmosphere contains
an overwhelming proportion of hydro-
gen. The molecules are all dissociated
into atoms, but hardly any of these are
ionized—it is too hard to get an elec-
tron off one at that temperature. It
had been supposed that these hydrogen
atoms were practically inert as regards
visible light, but Wildt found in the
chemical literature evidence that the
neutral hydrogen atom has a certain
tendency to attract a free electron,
and build up a negatively charged atom.
It had long been known that electro-
negative atoms, such as chlorine and
oxygen, had this “electron affinity;”
but the fact that hydrogen possessed
it was less familiar. This affinity is
small for hydrogen (0.7 volts on the
usual scale), but is sufficient to cause
a certain fraction of the hydrogen
atoms in the Sun’s atmosphere to cap-
ture electrons. This proportion is
very small, only one in 10,000,000,
according to Wildt’s calculations; but
these atoms are continually losing their
loosely bound electrons, while others
pick electrons up, maintaining the
average, and this process produces a
very considerable scattering of light.
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Only rough calculations of this could
be made three years ago. They showed
that the total scattering effect pro-
duced by this process should greatly
exceed that resulting from the inter-
action of electrons and charged metallic
atoms—which has much less influence
per encounter.

To proceed further was heavy work.
It is not possible to get enough atomic
hydrogen in the laboratory to observe
this scattering. It must be calculated,
by the laborious processes of wave-
mechanics. This was done by Massey
and Bates in London, just before the
war, and it then appeared that the
slight scattering due to the new process
far exceeded that arising from all those
previously known, and accounted for
the main part, at least, of the unex-
plained haziness of the Sun’s atmos-
phere. Stromgren, extending it to the
stars, found it equally valuable there.

ONE DETAIL, however, remained to
be cleared up. The calculated scat-
tering was strongest in the violet at
4000A, and fell off considerably to-
ward the red. In a star like the Sun,
where most of the haziness comes from
it, red light, having to pass through
less haze, should come, on the average,
from deeper and hotter layers than
violet light. In consequence, the con-
tinuous background of the spectrum
should be stronger in the red than it
would be if the haziness were the same
for all colors. That is, the Sun’s light,
on the average, would be redder.
The color-temperature, measured
by the proportion of red to violet light,
would then come out lower than the
effective temperature, calculated from
the total amount of radiation per unit
area. This is not the case: the Sun’s
light is actually strong in the blue,
and its color temperature is higher
than the effective temperature. This
could be met by theory either by dim-
inishing the calculated haziness in the
blue or increasing it in the red. Very
recently a new calculation has been
made by Williamson, at the Yerkes
Observatory, using a much more ac-
curate, and of course more compli-
cated, set of formulas—such that the
equation expressing the results of a
long set of calculations itself occupies
half a page of print. This new and
precise calculation gives just about
the same absorption (haziness) as the
old for the ultra-violet, but a good
deal more in the visible spectrum, with
a maximum in the green at 5000. This
is just what is required to clear up the
discrepancy. Further laborious calcu-
lations are required before it can be
applied to the stars; but the outstand-
ing discordance will surely be much
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smaller, and may be entirely removed,
in which case we shall be at last in a
position to predict what the Sun should
be like from pure theory—given its
composition and mass. but having
never seen it.

WHILE we speak of the solar spec-

trum, we may note a recent ad-
vance in its observation. In the remote
infra-red the spectrum can be detected
only by the energy which the waves
carry, and very delicate heat-measur-
ing devices are necessary. The rays
must be focused by mirrors, and dis-
persed into a spectrum by a suitable
prism. Up to wave-lengths of about 13
microns, or 20 times the wave-length
of red light, rock-salt is transparent,
and forms excellent prism material,
since large transparent pieces can be
found in nature. Beyond this, it grows
opaque, and compounds containing
heavier atoms must be used. Potas-
sium bromide serves very well: but
the crystal from which the prism is
to be cut must be grown artificially—
and to get a large, flawless transparent
crystal demands great skill. Worse
than this, the earth’s atmosphere ab-
sorbs certain of these long waves
very heavily. An enormous absorption
band due to carbon dioxide and be-
ginning near 14 microns has, up till
now, blocked all efforts to get beyond
it; but, with very sensitive apparatus,
and a potassium bromide prism. Adel,
at the Lowell Observatory, has passed
the barrier. The automatic records of
his spectrometer show strong evidence
of radiation beginning at 16 microns,
beyond the great absorption band, and
extending almost to 24 microns. This
new limit is 50 times the wave-length
of blue light.

The records show numerous absorp-
tion bands—cutting off part, though
not all, of the solar energy—which,
from their great width, evidently arise
in the earth’s atmosphere. It is prob-
able. that many of these arise from
water vapor, for their intensity varies
with the humidity. If their effect can
be eliminated sufficiently to find how
strong the Sun’s radiation would be
without them, it may be possible some
day to test theories of the intensity of
the Sun’s continuous spectrum over
more than 20 times as great a range
as is available at present.

Adel has shown that certain faint
bands are. absorbed by nitrous oxide.
N-:O, and another by nitrogen pentox-
ide, N2Os. These must be produced at
the top of the atmosphere by the action
of ultra-violet light. If they occurred
at low altitudes, their psychological ef-
fects would be conspicuous.—Princeton
University Observatorv, Dec. 22, 1942.
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Pseudo-Fossil Man

Not All Human Skulls that Look Primitive Are

Those of Ancient Primitive Mar, and Why

LOREN C. EISELEY

Associate Professor of Anthropology,
University of Kansas

SOME years ago, when the writer
was engaged in archeological

work near a small western town, a vil-
lager drew him aside and said: “You
should see Mrs. Jones. She is the
widow of a doctor who used to collect
fossils all over this country. She has
some very wonderful things, and prob-
ably would be glad to dispose of them
now.”

Seeking out the woman, I was led
into a parlor ornamented, in the fash-
ion of the '90’s, with the usual array of
sea-shells, baskets, and other odd items.
Following a proper interval of small
talk we came around to the subject
of the interview—her husband’s collec-
tion. After I had examined and madc
notes upon some items of local interest,
a pause fell. Looking carefully about,
and lowering her voice, the woman
said: “This is not all. I have some-
thing very, very valuable. I have part
of the skull of a primitive man.”

Now, though extinct types of man
have never been recovered in the New
World, and the likelihood is that they
never will be, it is not the business
of science to make snap judgments.
Mentally expecting no more than some
odd and misinterpreted fossil, I waited
while the doctor’s widow eagerly un-
covered her prize.

As the last wrapping fell away, there
was dropped into my hand what I had
least expected : a human frontal or fore-
head bone which, without doubt, car-
ried an extremely massive supra-orbi-
tal torus, or ridge of bone above the
eyes, such as is commonly found upon
the skulls of the fossil men of the Ice
Age. The rest of the skull was missing.
Only this massive fragment of the skull
remained.

“Where,” said I, my pulse rising
a point or two, “did yeur husband get
this ?”

“Oh,” said the woman eagerly, “he
found it buried with that other skull
you've been looking at, in the Indian
village up the road.”

At this remark my heart quickly sub-
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sided to normal, if not below. No fossil
man was going to get himself buried
in a mere 500-year old Indian village.
I had been digging there myself, and

J knew. Moreover, fossil men are not

laid out in Indian cemeteries along
with the bones of the existing species
of man. I tried, gently, to explain this
to the widow.

“But,” she exclaimed triumphantly,
“look at that forehead. It’s not modern.

Photos by Dr. G. Ekholm, courtesy
American Museum of Natural History

This skull suggests incipient acrome-
galy. Notice particularly the helmet-
like protrusion of the brow beyond
the root of the nose, and the massive

character of the zygomatic arch
(the slender, constricted part of the
cheek bone just forward of the ear)

My husband said it wasn't. He was a
doctor, and he knew. That piece of
bone is worth a lot of money.”

The talk shifted. We exchanged some
pleasantries and I left, albeit wishing
I might have carried away with me that
intriguing fragment of frontal bone.
I knew by then what it represented,
but it still appealed to me.

At rare intervals these fragments
persist in turning up. To some laymen
they are extremely attractive and, for-
getting that a fossil type of man is a
much more complicated structure than
an individual possessing a supra-orbital
torus, or brow ridge, of unusual size,
the finder generally visualizes in them
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the primitive European “cave men”
about whom he has read. So scarce
are these objects and so infrequent is
their complete preservation that it is
very easy to be deceived by them, par-
ticularly at a time when the discovery
of the late glacial Folsom culture in the
United States has made us extremely
conscious of the possible antiquity of
man in the New World. If his find is
not primitive—the layman is likely to
insist vociferously—what in heaven’s
name can it be?

Such specimens of pseudo-fossil men
can be classified into two general types:
first, the “normal” individual who
represents, in one or another feature,
a more primitive appearance than the
average for his group; and, second, the
individual who, through a glandular
lisorder, has suffered a marked thick-
ening of the bony structure.

N CONNECTION with the first, or “nor-
mal,” type, we may say that in no
human population are the individuals
exactly alike. Each person varies in
his features from what we may term
the ultra-human or vanguard types,
to those who, in one or another char-
acteristics, have retained some indica-
tion of the more primeval features of
the earlier men. As Dr. Franz Weiden-
reich, distinguished authority on fossil
man, has pointed out, “within each
group . . . we may be confronted with
specimens seemingly anticipating fu
ture development, while primitive fea -
tures are retained in others.” These
by no means necessarily imply intel-
lectual inferiority, but may include an
odd array of little skeletal variations of
which only the anatomist has knowl-
edge. Occasionally, however, out of
so many thousands of individuals, one
may show unusually pronounced brow
ridges or some other feature notice-
ably striking to the untrained eye.
The writer can testify that he long
coveted the skull of an unsuspecting
colleague who approached close to the
Neanderthal type in one or two char-
acteristics of the skull. I say one or
two advisedly. Viewed in its entirety,
my good friend’s cranium would have
deceived no competent anatomist into
imagining him to be one of our early
forerunners. If, however, the right
fragment of his skull—the “primitive”
part—had been recovered from an
archeological deposit of some an-
tiquity, discussion might have arisen.
Such instances are not unknown here
in America, and more than one well-
intentioned student has gone off the
deep end in favor of some yery ancient
form of man having existed in the New
World, only to suffer humiliation later.
The second type of pseudo-fossil man
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—the glandular disorder type—repre-
sents an anatomical condition which
may also contrive to trick the unwary
archeologist. In this case we are deal-
ing with a glandular disorder of the
pituitary, a small gland at the base
of the brain whose secretions control
the course of human growth. This dis-
ease, known as acromegaly, overstimu-
lates bone growth and, over a period
of years, causes a great coarsening and
thickening of the bones of the skull,
particularly in the region of the brow
ridges, cheek bones, and other portions
of the facial structure. The result is to
lend the face a somewhat bestial and
primitive appearance which is even
more pronounced in the skull.

There are degrees of intensity of
affliction with. this disease, and varia-
tion in its anatomical effects. In gen-
eral, however, it has long been recog-
nized that the skull, under this unusual
stimulation, tends in a certain degree
to simulate, in portions of its structure,
anatomical traits of the primitive past
of mankind. Indeed, so distinguished
an anatomist as Sir Arthur Keith has
suggested that man still carries within
his body, and ordinarily regulated by
a well-controlled pituitary, the biologi-
cal mechanism which produced the
physical structure of his early fore-
runners.

BE THAT as it may, however, this rare

disease, scarcely ever identified
archeologically, is well worth consider-
ing as a possible explanation for un-
usual skulls from recent deposits.
Moreover, in its milder stages, it may
be difficult to distinguish skeletally
from a case of extreme normal varia-
tion.

The skull featured in the first photo-
graph was collected from an early site
in the Southwest, along with many
other perfectly normal individuals.
There is nothing mysterious about it.
It is something over a thousand years
old, and its associates were all per-
fectly normal Indians of that place and
time. Yet this skull in many of its fea-
tures is a remarkably rugged and
“stone age” specimen of man to be en-
countered among American Indians;
most of whom, incidentally, are by no
means effeminate in skeletal structure.

Unfortunately, the bones of the body
of this specimen are gone, so that we do
not have them as an added check on the
pathological nature of the skull. The
latter has been slightly crushed. Be-
cause of the fragile nature of the bone,
complete restoration has not been at-
tempted. Nevertheless the general effect
is plain; great size, ruggedness, and
measurements which are very large.
This skull was found in an area now
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being combed for traces of late glacial
man, and I shudder to think what ex-
tensive essays might have been written
upon that porching frontal bone if it
had ever washed out of some con-
venient river bed or gravel deposit.

The skull is still not in what might
be termed an advanced state of the dis-
ease. Nevertheless an excessive heaping
up of porous vascular bone on the
edges of the toothi*hearing portion of
the upper jaw, and a chalky and spongy
bony -texture, are very suggestive of
acromegaly. The brows contain huge
air sinuses and the condition of the
sutures of the skull suggests unusually
early closure. Notable, too, is the bi-
canine index of this specimen.

This index, expressed as a percent-
age, indicates the width between the
two canine, or “‘eye teeth,” as compared
to the width as measured across the
maximum expanse between the molars.

A high index is a sign of primitive-
ness because the primitive or anthro-
poid jaw is more U-shaped or rec-
tangular, and hence the canine teeth
are almost as far apart as the molars.
On the other hand, due to the more re-
tracted and curving palate of modern
man the index is much less in the lat-
ter. In the anthropoid apes, the index
ranges in the high nineties, or even to
100 or over. In modern Europeans,
it ranges in the low sixties. In the
powerful and anthropoidal Rhodesian
man, the index is 68 percent. Our speci-
men has an index of.68.5, indicating
a wide primitive muzzle. As a matter
of fact, the bicanine width is 48 mm.,
which is much beyond the average. It
is interesting in this connection to note

that in acromegaly there is sometimes -

a tendency for the “eye” teeth to ad-
vance slightly in position and be more
directly in line with the incisors, thus
creating a wider, more primitive arch.
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If, however, one has access to the
whole skull, as in this unusual speci-
men, there should be nothing deceptive
to the trained eye. It is not really
primitive. The brain case is capacious,
and. the-face, though formidabtie ifiits
ruggedness, is that of our own species.

It is important to remember that
none of our human forerunners is ever
completely imitated by either patho-
logical or normal variation. In the case
of disease, the bone betrays evidence,
not of primitive strength, but of ab-

Left and above: Front and side view
of the skull of a native of New Bri-

tain  (northwest of the Solomon
Islands). This individual is markedly
variant toward the primitive, but not
in a pathological manner. Note heavy
development of the brow ridge, which
is striking, even when it is seen in this
somewhat archaic group of people

normality. Moreover, the spurious
primitiveness will tend to be local-
ized and asymmetrical. One never gets,
for example, the lack of the chin emi-
nence so characteristic of the sub-
human remains. On the contrary, in
acromegaly the chin eminence may be
pronounced. In the case of extreme
normal variation of an atavistic nature
the duplication is also not complete,
but generally confined to a single char-
acter.

Such specimens as we have discussed
remain as an emphatic scientific warn-
ing against easy and popular supposi-
tion. This is not to say, when you re-
move a curious and exciting skeletal
fragment from its ancient resting place,
that it should be casually dismissed.
But before letters are written to
authorities or dramatic announcements
made to the newspapers, make sure
that your prized, and in any case in-
teresting, specimen is not that of a for-
gotten acromegalic, or an extreme case
of normal variation toward the primi-
tive. The search for fossil man is more,
far more, than a search for skulls with
big brow ridges.

119



MISCELLANY

Simon Lake, Submarine Genius

The Early Struggles of the Man Who Laid the Foundation

for the Science of Underwater Travel

HARLAND MANCHESTER

ABOUT 45 years ago a wild-eyed
fisherman staggered into a Vir-
ginia country store shouting that the
Devil was after him: he had been
peacefully fishing on the Rappahannock
River when he saw what appeared to
be a buoy, floating upstream against
the laws of Nature. Then with a clap
of thunder and a smell of brimstone, a
bearded, red-capped Lucifer rose up
from the waves.

The quaking man went home and the
hamlet’s theological experts gathered
around the cracker barrel to debate
the revelation. Then the door opened
and in came Simon Lake, intent on
stocking the larder of his newest sub-
marine, the Argonaut I. Hearing the
story, he returned to his boat and
quickly submerged. Some of those river
men are good shots.

It didn’t surprise Simon Lake to be
mistaken for the Devil. He was accus-
tomed to the superstitions and preju-
dices he has been combatting all his
life. People in his home town in New
Jersey smiled and made circles at their
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heads when he passed, and Washington
naval experts bluntly told him that the
ocean-bed trips he was making every
day simply could not be done. They
cited facts to prove it. But he went
ahead doing the impossible, and, to
make himself even more ridiculous, he
claimed that these crackpot craft of
his would be a major weapon in future
wars, that you could blockade coast-
lines with them and sink shipping, that
one of them could knock out a battle-
ship !

As a red-headed, 14-year-old boy of
Pleasantville, New Jersey, with little
schooling and a hearty dislike for

A wash-drawing, reproduced from Sci-
entific American for January 1898,
showing the Argonaut on ocean bot-
tom. Note diver, searchlights, masts

classroom discipline, Simon Lake
read Jules Verne's Twenty Thousand
Leagiues Under the Sea. It kept him up
all night and launched him upon his
career. He immediately began planning
a boat that would realize Verne's
dream, and ever since that day in 1880
he has been constantly designing sub-
marines and devices to improve them:

All the Lakes were inventors. Grand-
father Lake invented a seed-planting
machine, Father Lake a window-shade
roller, Cousin Vincent a typewriter,
Cousin Isaac Risley a printing device,
and Ira a telephone. Uncle Lzra, a
minister, built a flying machine and
tried. without success, to fly it from
one gallery of his church to the other.
None of these New Jersey Lakes was
dismayed by the unknown, or cared a
rap if the neighbors thought him crazy.
They were as ready to build an air-
plane or a submarine as they were to
fix a door-latch, and if Simon had
planned a rocket ship to fly to the
moon, they would have listened with
respect.

When the town fathers voted to
build a road across the marshes to
Atlantic City, then virgin terrain, the
horses got mired to their bellies, and
it seemed impossible to continue. But
Uncle Jesse Lake took an old-fashioned
horse treadmill, turned it upside down,
mounted an engine on it, and thus
created an endless-tread tractor to do
the job. He later refused a large sum
for his patent. Money never meant
much to the Lakes. Jesse also invented
a mowing machine which he sold to
McCormick, a whistling buoy, and
practical joke gadgets. Taking a fancy
to Simon, Uncle Jesse brought him
into his foundry and taught him to use
tools. That shop was Simon Lake’s
university.

Bushnell, Fulton, Holland, and others
had built under-water boats of sorts,
but they were unreliable affairs that
killed many of their crews, and Lake

A sectional view of the Argonaut, also from Scientific American,
cabin, storage batteries,

showing engines,

wheel-operating mechanism, and the air lock for divers
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was convinced that they were wrong
in principle. Most of them dove head
first. This often piled the crew up in
the prow of the boat; it made navi-
gation a matter of chance; sometimes
the boat stuck its nose in the bottom
and remained there permanently. Lake
planned an “even-keel submersible,”
one which, by means of projecting
vanes fore and aft, would retain its
horizontal position while submerging
and while submerged. This principle
is now used on all submarines.

THAT was only one of the problems

which this boy in his teens solved in
the years of hard work before he actu-
ally built his first submersible boat.
Science in those days could throw little
light on the things Lake needed to
know. TFor instance, how much air
does a man need to live on? Lake asked
university professot's, but no one could
give him the answer. So he built a
large, air-tight, wooden box and cooped
himself up, watch in hand, to find out
how long he could stand it. From these
tests he found that he needed 15 cubic
feet of air per hout, and he has used
that figure ever since.

He heard that at Johns Hopkins
Hospital bad air was exhausted from
the contagious ward through little
holes in the floor. This must mean that
bad air is heavier than good air, he
decided, and again shut himself up in
his box to prove it. He lit matches,
raised and lowered them, and as the
minutes ticked by, noted the heights
at which the flame was smothered by
the rising level of exhaled carbon
dioxide. As a result, his plans provided
for the forced exhaustion of bad air
through the floor of his submarine
compartments.

In Jules Verne's fictional Nautilus
there was a compartment through
which divers could emerge to investi-
gate the ocean bed. Lake decided that
he needed an under-water exit in his
submarine. It was a little matter of
opening a door on the sea and at the
same time keeping the water out. Lake
was thinking it over one evening when
his eyes fell on an old powder horn left
by a pioneer ancestor. The horn had a
small measuring compartment near the
tip. When this space was full of pow-
der, an inner valve closed, and the
outer one could be opened to pour the
correct charge into the musket barrel.
Lake saw the answer to his problem
in a flash, and hastily blocked out plans
for his submarine “air lock.” It was a
small, air-tight room with two doors,
one opening into the interior of the
boat; the other, a trap door, opening
to the sea. He could enter the room,
release compressed air until the pres-
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sure was high enough to keep the water
out, then opeh the sea door. Crews
could collect oysters and crabs through
the open door, or don diving suits to
salvage wrecks or look for mineral
deposits. To Lake, this sea-bed exit
was one of the most important features
of a submarine, for he planned the boat
for peacetime commercial use, not as
an engine of destruction.

For 12 years Simon Lake put in his
evenings and odd moments planning his
submarine. Meanwhile he earned an
ample living working in the family

B e o TREEL.L L S

o i B RIS N e

No one understood his ideas but the
other Lakes, and it was a meniber of
the family who came to his rescue it
the fall of '94. His Aunt Annie Cham-
pion, who had some money put away,
asked him how much it would cost to
build a kind of small ‘“‘sample” sub-
marine, and his cousin, Bart Cham-
pion, said he would help him build it.

Lake accepted Aunt Annie's offer,
and he and his cousin spent a bappy
winter building a tiny submarine out
of “spit and string.” He has tuined
out many powerful sea monsters since:

The Protector, Scientific American, December 1903. She passed gruelling tests for
the United States, but was rejected. Russia bought her for use in harbor defense

foundry, and from inventions that were
more immediately remunerative. For
example, his safety device for wind-
lasses on oyster boats, which prevented
the crank handle from spinning back-
ward and killing the operator, sold well.
In 1892 the Navy, aroused at last to
the value of the submarine, advertised
for bids. Here, Lake thought, was a
chance that the Argonaut, the name
which he had given to his “paper”
submersible, would be built.

In high spirits he took his plans-to
Washington. But he had never heard
of scheming lobbyists and indifference
in high office. They let him cool his
heels for two days, then curtly dis-
missed him after a brief interview. On
his second try, the Naval Board of
Construction approved his plans, but in
those days the final decision concerning
types of vessels to be built lay with
Congress. Lake’s rivals had money,
influence, and political acumen. Lakée
lost out, and $200,000 was spent in
building a Holland “diving-type” sub-
marine which never performed satis-
factorily.

Determined to build his submarine
and prove his case, Lake went to Wall
Street in search of a backer. But a
crank had just tried to kill Russell
Sage, and when the shock-headed
stranger talked about a boat that
would roll on the bottom of the sea like
a tricycle, the men of money turned
pale and called their secretaries. Lake
went home empty-handed.
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that time, but the building of the 14-
foot Argonaut, Jr. was the greatest
adventure of his life. She was a stubby,
box-like craft covered with two layers
of pitch-pine, with canvas between, but,
because of the limitations imposed, she
lacked many of the refinements oft
Lake’s planned submersible. She had
tanks which could be flooded - with
water to offset her buoyancy so that
she would sink. - There were three
wooden wheels on the bottom; a front
one for steering, and two rear ones
driven by a crank inside which was
turned by manpower. Lake’s cherlshecﬂ

_idea, the air-lock, with its trap door

opening to the sea, was built into her
stern. There was an old soda fountaim
tank for compressed air to hold back:
the water when the sea door was open ;;
this was filled by a second-hand
plumber’s pump. Air for. breathmg
came through a pipe from a buoy omni
the surface, and as a final touch, there
was a small gasohne stove for cooking
fish speared through the trap door.

THE launching of the Argonaut, Jr.,.
in 1895, was an event comparable to
the Wright brothers’ first flight, yet the
world gave no heed when the two men
trundled the crude ark to the Shrews--
bury River and wagered their lives oni
Simon Lake’s calculations. Every-
thing worked according to plan. They
screwed down the hatch, flooded the
tanks and sank to the bottom, then
cranked the machine across the river
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A later Lake invention. The Explorer, 1932, a commercial submarine designed for
salvage operations. She was equipped with grab buckets on the end of lazy tongs

bed and back to the starting point.
That summer they had more fun than
Huckleberry Finn with his raft. They
poked around the bed of New York
Bay  for sea food, and Lake went
through the sea door in a home-made
diving suit to explore the bottom.
They gave an exhibition for the town
fathers, who couldn’t quite believe that
they actually gathered oysters from
below. So the dignitaries signed their
names to a weighted shingle and threw
it in the river, and the submarine
pioneers went down and retrieved it.

ALTHOUGH the little Argonaut, Jr.

was a practical submarine, few
people took it seriously, the press
viewed it with amusement, and Wash-
ington remained officially incognizant.
But a few informed people came to
Lake’s aid with funds to build an all-
metal, gasoline powered boat, launched
in 1897. This was America’s first suc-
cessful full-sized submarine. It went
through its trial runs with flying colors,
and rode out the roughest of storms.
It attracted attention all over the world,
and was the precursor of today’s pow-
erful submarine cruiser.

During the Spanish-American War,
Lake had taken the Argonaut to New-
port News and had easily located the
harbor mines. He told a naval author-
ity what he had done, and showed how
easy it would be for a submarine like

his to put mines out of action and cut

telegraph cables. He was told that
what he said he had done was impos-
sible, and that if he did it again he
would be thrown in jail! Lake de-
clared that he would never go to Wash-
ington again until they called him, and
turned the Argonaut over to commer-
cial work in salvaging sunken cargoes.
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Fully aware that his boat was by no
means perfect, Lake worked out im-
provements with his limited funds, and
drew up plans for larger and better
submarines. Working at his Bridge-
port plant in 1900, he quickly saw what
other experimenters were discovering,
that a submarine must be able to see
above the surface while submerged.
He went to optical firms and asked
them to make some sort of tube with
lenses which would serve the purpose.
They declared flatly that it was impos-
sible. Lake had heard that word so
many times that it had no meaning, so
he bought a miscellaneous assortment
of lenses, found a craftsman who could
make optical equipment to his order,
and began to experiment. He built a
tube-like box and stuck the end out of
his office window, then adjusted the
lenses in various positions in an attempt
to get a view of the street. It was no
mere matfer of bending light around a
corner. Lenses of the correct focal
lengths had to be fixed at precise points
in the tube to relay the image to the
eyepiece. His chance of success was
little better than that of the fabled
monkey of writing a book by hitting
typewriter keys at random, but after
several months and hundreds of experi-
ments, he finally looked in the tube and
saw a clear view of the street. Then
he went to lunch, it started raining,
and the office boy pulled in the tube and
jumbled up the lenses. Despairing of
ever passing another miracle, Lake
went to a Johns Hopkins expert and
posed his problem. The expert said it
was impossible.

“But I've already done it,” said Lake.

“In that case,” said the professor,
“give me all the data vou have and
I'll see what I can do.”

SCIENTIFIC AMERICAN .

In about a week he found the answer
and Lake had his periscope.

Meanwhile, the government was
awakening to the need for submarines
and, in 1901, Lake was called to Wash-
ington. High officers in the Navy,
scornful of the Holland vessel that
Congress had paid for, urged him to
build a better one. There was no
appropriation, but the officers promised
to do their best to secure adoption.
Lake raised money from his stock-
holders to build the 65-foot Protector,
designed for coast defense. Work was
stopped when a rival firm sued him for
libel and attached his plant, but he
hacked his way out of the difficulty and
finished the boat. He called on William
Howard Taft, Secretary of War, and
Taft promptly sent three Army officers
to see theboat in action. The Protector
passed gruelling tests. She submerged
for ten hours, she navigated under the
ice, and she simulated the laying of
mines. The investigating board made
an enthusiastic report but the bill was
killed in Congressional conference.

RUSSIA and Japan, then at war, were
both interested. A patriotic man,
Lake did not wish to sell the weapon
to a foreign power, but it was the only
alternative to financial ruin. He chose
Russia, and the Protector, hoisted to
the deck of a freighter and covered
with tarpaulins, was quietly shipped
abroad. Her inventor followed, and
spent seven years building submarines
for the Russian government.

Lake’s stay abroad shaped history in
a manner that he could not foresee.
Krupp, the German arms firm, exam-
ined Lake’s plans and offered him a fat
contract. Then they discovered that
Lake’s patents were not protected in
Germany, and tore up the contract.
Admiral von Tirpitz had talked with
Lake and- conceived a plan for offen-
sive submarine warfare, and Lake’s
patents were legally stolen to build
Germany’s U-boat fleet. ’

By this time Lake’s fame as a sub-
marine builder was international, and
he thought that his own country would
finally recognize his ability. He had
plans for ‘an improved submarine, and
built it at' Newport News with some
Navy encouragement. But the answer
was still: “No.” England and Russia
fought for the boat, and Russia won.
Lake then promised the United States
Navy the fastest and most powerful
submarine in the world.” He would
built it with his own money, and if it
didn’t make good on all his claims, the
Government could have it for nothing.
The 161-foot Seal, launched in 1911,
quickly made world records. The ice
was broken at last, afid Lake was given
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contracts for five more boats. With
World War I, he came into his own.
In his shipyards at Bridgeport and
Long Beach, California, he built more
than 40 submarines for the government
which had so long rejected him.

Simon Lake has excited public im-
agination for almost five decades, and
many people will be surprised to learn
that he is still alive. He is as full of
ideas as ever. A great-grandfather at
76, he is hard at work on an experi-
mental project vital to the war. One
eye is habitually closed, the result of
years of squinting through periscopes,
and he takes his time climbing stairs,
but after a day at the plant and a
half-hour for dinner, he fortifies him-
self with a handful of cigars—his only
indulgence—and works over plans until
midnight.

This obsession with machines per-
sists in his progeny. A son, Thomas
Alva Edison Lake—named for an old
friend—and three grandsons carry on
the Lake tradition as engineers. They
have all had more technical training
than the patriarch, but they have great
respect for his way of cutting through
a problem. .

There is a common impression that
the submarine has reached its peak.
but Lake shakes his gray shock and
declares that the boat is in its infancy.
He still preaches commercial sub-

TENT
With Floor For
Maximum Protection

A SPECIAL pup tent equipped with a
built-in floor has been developed for
mountain troops. It will offer protec-
tion against mosquitoes and other in-
sects and furnishes ample protection
against rain, blizzards, and wind ve-
locities up to 75 miles an hour. Where-
as the regulation pup weight 14 to 15
pounds and is made of canvas, the
unewcomer, complete with poles and
pins weighs only seven pounds and is
made of a featherweight nylon cloth.
Two men can sleep with ample room,
and in an emergency, three soldiers can
be bedded down for the night.—The
Army Officer.

TELEPHONE ALARM
Used to Summon Air-Raid

Warden from Workshop

AN “Electric Sentry” is now on air-
raid service in at least one home, that
of Mr. F. Dickie, of Los Angeles, to
bring warning of phone calls, which
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marines, and will not consider his life
work complete until he has proved their
value to the world. Recently he pro-
posed a fleet of cargo submarines of
7500-ton capacity as a means of solv-
ing the shipping shortage. He says
they can be built as cheaply as tankers,
will cost less to operate because of
elimination of wind resistance and the
buoyant effect of the water, and can
easily escape raiders by submerging.

In his early days, Lake used the
Argonaut to recover coal and other
cargoes from sunken vessels at a profit,
and later he built equipment to recover
the gold of the sunken Lutine in the
English channel, a project which was
shelved in favor of building the Seal.
He has maritime charts on which
black dots marking sunken ships turn
the ocean into caviar, and predicts that
much of this vast store of lost wealth
will sometime be redeemed by under-
water wrecking boats and that rich
undersea deposits of gold, platinum,
and radium will be mined by submarine.
Underwater oil wells have already been
drilled off the California coast. Lake
has a plan for recovering ocean-bed
petroleum by submarine, and declares
that as oil becomes scarcer, his method
will be adopted.

Of course there are experts who will
call these things impossible, but Simon
Lake never understood that word.

might be in connection with air-raid
duties.

Mr. Dickie, as an air-raid warden,
is subject to call at any time. He is
also an enthusiastic home workshop
fan given to spending most of his even-
ing hours in his shop, which is to the
rear and quite remote from his home.
His was a problem of having phone

An ever-ready sentinel for the warden

SCIENTIFIC AMERICAN

calls come to his attention in his shop
when other members of the family are
absent from the house.

The problem was solved by installing
the transmitting end of a Zenith Elec-
tric Sentry in front of the phone bell
and by plugging in the receiver end in
the workshop. Now, when the phone

rings, Mr. Dickie immediately hears
it and can hasten to the house to take
the call. Also, when he goes to visit
his next door neighbors he need only
take the receiver end along and he can
keep an ear on his phone bell the whole
evening long.

No wiring is required with the Elec-
tric Sentry, it only being necessary to
plug the units into the house light
sockets for satisfactory operation.

DOPE—The same chemical, cellulose acetate,

which, used as a “dope,” gave tautness,
resiliency, and strength to wing fabric on
comparatively flimsy airplanes of World War
I, now is the transparent plastic which af-
fords - protection and clarity of vision to
flyers in their sturdy training planes and
gliders of 1943.

DIESEL CRANKSHAFT

Induction Hardened, Sets Remarkable
Record for Wear Resistance

AN example of the value of harden-
ing metal by electrical induction was
recently demonstrated when the vital
parts of one of the world’s fastest
“streamliners” were inspected after the
locomotive had piled up a million miles
of service.

In checking the engine parts, the
wear on the crankpins was found to
be only .001 inch, even though the
train had traveled a distance equivalent
to forty times around the world. Ac-
cording to metallurgical experts, this
unusual record was made possible be-
cause the crankshafts of the engine
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were hardened by an electrical induc-
tion process introduced by The Ohio
Crankshaft Company of Cleveland.

In order that the crankshaft may
stand up under the tremendous pres-
sure exerted by the locomotive's 12
cylinder, V-type, Diesel engine, the
surfaces of the bearings and crankpins
were selectively hardened by the Tocco
process, providing -accurate control of
depth, width, and structure of the
hardened area.

INDISSOLUBLE
Plastic Developed, Has High
Abrasion Resistance

DEVELOPMENT of an entirely new
transparent plastic having many times
the abrasion resistance of other clear
plastics was announced recently, but,
because of priorities and other restric-
tions, this new plastic is not yet in
commercial production, and is not ex-
pected to be available for any but ex-
perimental purposes for months.

The new plastic, called C. R. 39, is
one of a group of resins resulting
from many years of research activity
by the Columbia Chemical Division
of the Pittsburgh Plate Glass Com-
pany. Its properties are such that it is
in numerous ways far superior to
similar products now in use. It does
not dissolve in acetone, benzene, tolu-
ene, alcohol, gasoline, or any of the
common solvents.

Its resistance to abrasion is 10 to
30 times greater than other clear plas-
tics. It retains its shape even when
exposed to high atmospheric tempera-
tures and can be formed into large
sheets, either clear or laminated, by
the app]ication of extremely low pres-
sures. .~ In transparent sheets its
strength, weight, clarity, and impact
resistance are comparable with other
transparent resins.

In its primary form C. R. 39 is a
clear, low-viscosity liquid which, in
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the presence of a catalyst and heat.
hardens into a crystal-clear solid.
Layers of fabric, paper, and the like
can be impregnated with the liquid
material and cured under low pressure
to form sheets or shaped objects with
a minimum of expense for tooling.
Ordinary plastics used in this way re-
quire pressures of from 50 pounds per
square inch to many tons to produce
a suitable laminated material.

Since C. R. 39 is thermosetting and
releases no gaseous or liquid by-prod-
ucts when curing, it opens up a broad
new field of plastic applications not
satisfied by any other resin. Large flat
sheets and intricate three-dimensional
shapes can be made with ease.

ELECTRIC BRAKE
Now Used on Guns,
Tractors, Machines

AN ELECTRIC friction brake came into
being just before the rumble of war in
Europe; it was just arousing interest
among technicians when the demands
of war put it to an even more severe
test than anything that would have
been accomplished in civilian life.
Present and continuing research with
this brake is showing its value in many
ways. It is being used on large anti-
aircraft gun carriages, on self-powered

End of

Interior of electric brake.
magnet shows as a disk at left center
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ditch diggers which run on tractor
treads, and on injection plastic molding
machines. On the anti-aircraft gun car-
riage it makes the carriage independent
of its towing tractor or truck for
breaking power; on the ditch digger
steering is by means of breaking the
treads and, with the electric brake.
is accomplished with no physical effort
on the part of the operator; on the in-
jection molding machine the brake
holds the plunger against 50,000 pounds
of pressure where other brakes have
failed.

The simplicity and effectiveness of
this new electric brake, called the
magdraulic brake, is due to the design
of the operating magnet, a unit so care-
fully conceived that only a small
amount of current is needed to operate
the brake.

Functioning of the magdraulic brake
is simple. When the magnet, shown in
one of our photographs, is energized,
it tends to draw itself toward an arma-
ture plate fastened rigidly to the brake
drum, and the drum tends to drag the
magnet with it. The resulting move-
ment operates a cam which expands the
self-energizing brake shoes. Control of

. ..;
Electric brake on ditch digger. Drum
at lower right, controls left center

the amount of braking is through a
simple manual or foot operated rheo-
stat. )

The amount of current drawn by the
electric brake is on the order of one
ampere for installations such as would
be used on the average passenger car;
for heavy trucks and trailers up to
two amperes are used.

CREEP
0f Metals Measured
by Electronics

AN ELECTRONIC robot; including a
photoelectric cell, -now measures the
rate at which metals flow when heated
and stressed in the General Electric
Research Laboratory. Not only does
this release for other important work
the attention of a man who formerly
watched the metal sample through a
microscope; it also is more sensitive
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What did you do today
... for Freedom?

Today, at the front, he died ... Today, what did you do?
Next time you see a list of dead and wounded, ask yourself:
“What have I done today for freedom?
What can I do tomorrow that will save the lives of

men like this and help them win the war?”

To help you to do your share, the Government has organized the Citizens Service Corps
as a part of local Defense Councils, with some war task or responsibility for every man,
woman and child. Probably such a Corps is already at work in your community. If not,
help to start one. A free booklet available through this magazine will tell you what to do
and how to doit. Gointo actiontoday, and get the satisfaction of doing a needed war job well !

EVERY CIVILIAN A FIGHTER

CONTRIBUTED BY THE MAGAZINE PUBLISHERS OF AMERICA.
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than any human observer and more
reliable. It watches all day without
ever getting tired.

These measurements of the ‘“creep”
or flow of materials are being made
by Dr. Saul Dushman, assistant direc-
tor of the Laboratory. Since a steam
turbine, for example, operates with
greater efficiency the higher the tem-
perature, metallurgists try to create
alloys for parts which will hold their
shape under high stress and the great-
est possible operating temperatures.

Some time ago Dr. Dushman de-
scribed an accelerated method for
making creep tests. The usual tests use
a bar of the sample metal, which is
heated in a special furnace to the range
of operating temperatures, or 800 to
1400 degrees, Fahrenheit. Such tests
may require months to complete. The
new method uses 2 thin wire of the
metal, and passes an electric current
through, to heat it to perhaps 2000
degrees, Fahrenheit. This wire is en-
closed in a glass cylinder, which pro-
tects it from air currents, and even
permits the tests to be made in an
atmosphere of nitrogen, thus prevent-
ing rusting from the oxygen in the
open air. A weight is attached to the
wire. Through a microscope focused
on the lower end the observer for-
merly watched and measured the slow
stretching, as much as one half of one
percent an hour. Data are obtained
much more rapidly by this method
than formerly.

To make the measurements auto-
matically, J. T. Mireles Malpica de-
vised the robot, and the apparatus now
used was constructed by Eric T. Asp,
of the Research Laboratory.

The principle may be demonstrated
with a flashlight and two combs. Hold
one comb over the lens of the flash-
light, and you can shine a spot of
light on a nearby wall. Now hold the
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For Flying Fortress flyers.

other comb over the first, close to it
with the teeth parallel, and move the
second comb very slowly. When the
teeth of one cover the openings of the
other, the light is cut off. But when
the second comb moves the width of
a tooth, the clear spaces are lined up
and light passes through. If the flash-
light and first comb were firmly fixed,
and the width of the teeth and open-
ings were known, it would easily be
possible to measure the movement of
the second comb merely by counting
the alternations of light and dark.
This is exactly what Mr. Malpica
did. A light shines through a glass
grid, ruled with horizontal black lines,
each 1/250 of an inch wide and the
same distance apart. Attached to the
bottom of the test wire is another such
grid, nearly in contact with the first.
A lens forms an enlarged image of
these grids on the surface of the photo-
cell. A very sensitive meter, in which
electronic tubes are used, makes in
ink on a moving strip of paper a record
of the changes in current from the
photocell, hence in the changes in
brightness or the movement of the
second grid. In this way it is possible
to measure accurately an extension of
the wire as small as 1/10,000th inch.

FORTRESS RAFT
Provides Safety Equipment
For Forced-Down Flyers

AN IMPROVED seven-man rubber life
raft which will give aviators forced
down at sea greatly added protection
and comfort, including a square rigged
sail, was designed by the Equipment
Laboratory of the A.A.F. Materiel
Center, Wright Field, working in col-
laboration with the United States Rub-

ber Company, will be put into use on

our Flying Fortresses.

Numerous improvements, both in
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construction and equipment, grew out
of the experience of those who have
been rescued at sea after spending
weeks in inflatable boats. The new de-
sign not only gives more space, but
makes the boat less tippable and more
sea-worthy. A fabric sea anchor will be
used to keep the nose of the boat into
the wind and thus reduce the possibility
of tipping caused by heavy seas.

Two ten-foot lengths of rope are tied
on opposite sides of the boat to aid in
“righting” the raft if it inflates wrong
side up or is overturned. A horizontal
bulkhead divides the boat into upper
and lower chambers so that the entire
boat will remain inflated though
pierced by a shark or other object from
the bottom. A sail is provided as well
as a tarpaulin with which the crew can
protect itself from the elements.

Beside the sail and wooden oars on
which the sail may be rigged, equip-
ment includes a fishing kit, emergency
repair and signal kits, and first aid
equipment. These items, together with
concentrated rations for 30 days, and,
in some boats, a radio sending set, sup-
plied by the Army Air Corps, will be
placed in a special waterproof con-
tainer secured to the floor of the boat.
Thus they cannot be lost when launch-
ing the boat or in case it is overturned.

Dimensions are approximately 12
feet long and 5 feet 8 inches wide, and
weight, complete with equipment, is
only 70 pounds. The boat deflated with
equipment rolls into a carrying case 3
feet long by 15 feet in diameter. Like
all Army boats for rescue at sea, the
top is orange-yellow for quick visibility
and the bottom is blue to avoid attract-
ing sharks.

GOGGLES

0f Various Types for
Army and Navy Uses

NEW types of eye-protection goggles,
one of which permits naval observers
to look directly at blinding sun and
spot -dive-bombers, are now reported
to be conserving and sharpening the
eyesight of America’s embattled sol-
diers, sailors, and fliers. Designed at
the request of the Army and Navy,
hundreds of thousands of the new war
goggles are being produced by the
American Optical Company, special
lenses in the goggles making them
suitable for different military pur-
poses.

One of the goggles, equipped with
glare-reducing lenses that absorb in-
visible ultra-violet (sunburn) and
infra-red (heat) rays, is used by the
Navy for observation purposes and
to spot planes, especially dive bombers
obscured by the sun’s rays. Another
type is fitted with special lenses which,
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in addition to blotting out reflected
glare, can be rotated by hand to ex-
clude as much light as desired.

Another goggle is made with clear
unbreakable plastic lenses and these
are worn by sailors exposed to cold
weather, wind, and flying spray. A
fourth type, for ski troops, is fitted
with lenses that screen out reflected
glare—and also the ultra-violet rays
which may cause snow blindness.

For mechanized troops, goggles
with unbreakable plastic lenses have
been designed, and these protect eyes
against dust, wind, and glare. A sixth
type for Army and Navy fliers has pre-
cision-ground absorptive glass lenses
which permit accurate flying, bombing,
and sighting.

Lenses of most of these goggles are
inserted into soft rubber cushions that
fit exactly around the eyes. These rub-
ber masks protect eyes against dust,
wind, or water.

PAINT AND WAR—The inside of a combat
tank is painted white to help the crew
see better, bombs and shells are finished in
different colors for instant identification, and
zinc yellow priming coat is used instead of
red lead on aluminum alloy metal surfaces,
particularly those coming in contact with
salt water, such as seaplane pontoons.

CIVILIZATION’S END
Seen If Spirit Fails to
Keep Pace With Science

IIU . .
NLESS man uses his reasoning
power to keep pace spiritually with me-
chanical developments, our civilization
can disappear as other civilizations
have,” James F. Lincoln, President of
The Lincoln Electric Company, said
in a recent address.

“We all recognize that technological
advance has had a profound effect on
the life of every individual,” Mr.
Lincoln continued. “The thing we do
not recognize is that this same tech-
nological advance has taken place also
in the art of war. War is not the com-
fortable, short, decisive thing of 130
years ago or even of our own
Civil War. It is, instead, unthinkable
destruction from which no generation
fighting it ever recovers.

“War is still in its infancy. It is a
perfectly safe thing to say that if the
creative genius of the research workers
now in the laboratories of the United
States should be directed completely to
the arts of war that the tools which
they could develop within the next few
years would be capable of killing every
person in the world in a week. It is
because of the fact that this imagina-
tive genius has been used in the arts
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of peace that civilization has not al-
ready been destroyed in this war. War
as a means of settling disputes between
nations must be outmoded or this civili-
zation will disappear.

“The experience of all business in
settling disputes has demonstrated the
fundamental fallacy of fighting as a
means of reaching a tenable agreement.
Industry always, therefore, sidesteps
conflict. =~ We must learn the same
methods as nations.

“There are two courses open to us—
one is to follow the brave but silly goat
bucking a grindstone swinging on a

rope till he kills himself—the other is
to learn by mutual understanding to
live at peace.

“A great philosopher two thousand
years ago outlined the principle which
can permanently settle all disputes be-
tween people or nations—The Sermon
on the Mount. This is not the principle
of the weakling; it is the principle of
the strong and stalwart man. It is not
only just a way out, it is the only way
that nations can live with each other.
It is not new. We have had endless
experience with it in the family, in our
contact with our friends and in our

HE /\r:qu,}u\\h\'y “E” Flag, with
two stags\added, signifies con-
tinuous achievement in Production

for Victory. This is the fourth in a
series of “E'" awards received by
Bausch & Lomb und its employees
since the summer of 1941,

Sentries Along America’s Battle Lines

N white-walled hospital laboratories, in

industrial research laboratories, in field
laboratories, microscopes in the hands of
American doctors and scientists are on
twenty-four hour sentry duty.

Here, on America's second front, micro-
scopists are waging an unending war against
enemies of health and production, enemies
that are invisible to the unaided eye.

Bausch & Lomb Microscopes and B&L
specialized instruments of optical research
and control are doing aninvaluablejobtoday.

From the toolmaker’s microscope that
helps to maintain the standards of accuracy
and perfection to which America’s war

effort is geared, to the microscope of the
medical officer fighting the hazards to
health which, if unchecked, could put a
division out of action, B&L instruments,
through the men using them, are serving
America.

Here at home, in laboratories, shop and
factory, and along our far-flung outposts,
wherever American industry and American
fighting men are serving the cause of
Victory, you will find Bausch & Lomb
optical instruments on active duty.

BAUSCH & LOMB

OPTICAL COMPANY ¢ ESTABLISHED 1853

AN AMERICAN SCIENTIFICINSTITUTION PRODUCING OPTICAL GLASS AND INSTRUMENTS
FOR MILITARY USE, EDUCATION, RESEARCH, INDUSTRY AND EYESIGHT CORRECTION
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EDISON STORAGE BATTERIES

Cells are in excellent condition. Complete with
solution, connections and trays. Prices below are
about 10% of regular market price. Average life
20 years. Two-year unconditional Guarantee.

A-4 Amp. Hrs.
A-6 Amp. Hrs.
A-T Amp. Hrs.
A-8 Amp. Hrs.
B-2(J-3) Amp. Hrs.
M-8 Amp. Hrs.
L-20 Amp. Hrs.
L-¢0 Amp. Hrs.

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.

HUTCHINSON PRISMATIC COMPASS

3 in. dia., brass, black enameled, im-

proved pattern, with opening in top,

floating jeweled dial. 2 in. Each... $16.50
HAND CLINOMETERS, PENDANT

U. 8. Army Engineers, Geologists, Survey-

ing, Mapping, etc. Magnifying Eyepiece. $3.50

Lighting Plants, New
+amsoltne Driven.
“*Delco’ 1000 watts,
120 volt direct cur-
rentgenerator.8in-
gle cylinder, 4 cycle
alr cooled 2% inch
bore, b inch stroke,
1400 RPM, battery
start Ignition.

..... $225.00

Additional data on
request.

HIGH FREQUENCY GENERATORS—AC
4800 RPM, Ball Bearing, Self Excited.

400 cycle 115 Volts 200 Watts

500 cycle 115 Volts 250 Watts

500 cycle 115 Volts 500 Watts

600 cycle 115 Volts 200 Watts

900 cycle 110 Volts 200 Watts

Prisms, Binoculars, Bausch & Lomb, used

slightly chipped, 1 11/16 inch iong

by 3% Inch wide ..........ccceee... $2.00

Bunnell Resistance Box 1 to 10,000 ohms.

A beautiful piece of laboratory or test

apparatus. Complete with plugs. ....... $30.00

New 14, H.P. 2-phase 60 cy. 220 v. 3450

r.p.m. Westinghouse. ................... $25.00

New 114 H.P. 1-phase 60 cy. 110 or 220 v.

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

Motor generator, R & M 110 D. C. 3%,

H.P., 2 kw. 20 volt 80 amp. .............. $120.00
TELEGRAPHIC TAPE RECORDER

Makes written

record of code
on paper tape.
Ideal machine
for learning
code or teach-
ing code to
groups. Radio
men can easily
adapt it to
short-wave re-
ceivers for tak-
ing permanent
records of code

essages.
Double pen permits simulteneous recording of
two messages. Pens operated by battery and

key while tape feeder is spring driven. Made of
solid brass on heavy iron base. Useful on fire,
burglar alarm and watchman systems. May be

used to intercept telephone dial calls. 10 ohms.
Rebuilt like new

Rheostats—Genera-
When writing

Meters—Motors—Var.
tors, etc. Large Selection.
give complete details.

U. S. ARMY ALIDADES

Hardwood, metric scale, 0-15 cm. and reverse
and log, scale hairline sight spirit level.
45° angle adj. type, made in France $1-95

SIRENS

Universal AC & DC 120 volt Portabl
Weatherproof Limited number..... 345-00

Build Your Own Searchlight

U. S. Army Paraholle Mirror
Precision Quality

Focal Giass
Dia. Length Thickness Price
30 in. 12% in. 7/16 in. 75.
3 in. 18% in. 7/16 in. 125.

Made by Bausch & Lomb & Par-

sons. Perfectly ground and high-

ly polished.

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

TUNGSTEN CONTACT DISCS

135" dia. — 1/16” thick. Pure metallic tungsten
contacts. Machined and polished.

$2.00 ea. $3.00 per pair.

S. ARMY
AIRCRAFT MICRO-
PHONE

Manufactured by Western Elec-
tric, 150 ohms Breast type.car-
bon microphone transmitter,
noise proof, complete with cord,
plug and breastplate.

Exceptional value $2.95

S. Army Engineers Prismatic Compass
Pocket type 360° Limited quantity. $10.50

DYNAMOTORS D. C. to D. C.

24-750 volt. Gen. Electric 200
111 $27.50

24-1000 Gen. Elec. 1000 mills
$85.00

volt 80 mills
12-750 volt 200 mills
32-350 volt 80 mills
32-300 volt 60 mills

12-350

MOTOR GENERATORS

120 d.c., 110 or 220 a.c., 500 cycles, 250 watt.
$125.00 to 8175 00

120 d.c., 110 or 220 a.c., 500 cycle, 500 watt.
$175.00 tn 3250 00

120 d.c., 110 or 220 a.c., 500 cycle, 1 kw
$275.00 to $325.00

120 d.c., 110 or 220 a.c., 500 cycle, 2 kw.
$300.00 to $425.00
120 d.c., 110 or 220 a.c., 5

500 cycle, 5 kw.
425.00 to $550.00
120 d.c. to 400 d.c. 2 kw. .... $225.00 to $275.00
120 d.c. to 600 d.c. 2 kw. .... $250.00 to $325.00
U. S. Army Generators, Signal Corps double cur-
rent, hand driven; delivers 8 volts at 512 AMPS,
and 350 volts at .25 AMPS.
Bronze Gears in Aluminum Case.
Approximate Weight: 50 pounds.
Price $85.00.

CONVERTERS

‘‘Wappler X-Ray Co.”” 110 or 220d.c. tnput—175 or
150 a.c. output. .
%2 KV

$45.00 3 KVA .... $95.00
1 KVA $65.00 5 KVA .... $110.00
132 KVA $75.0

U. S. Navy rotary spark gap, enclosed multiple
electrode, high speed, can handle 10 kilowatt.
14 H.P., 110 v. vertical motor (specify
/ol 1 90 0] o) o 800 00800000000000003000003000 $75.00
Telegraph and buzzer portable sets, mahogany
case, 2 tone 4 contact platinum point high fre-
quency buzzer, 2 telephone toggle switches, po-
tentiometer, sending key, 3 mfd. condensers,
transformer and 2 choke coils, receiver. ...$10.00
Webster 34” spark coil, 110 volt, 60 cycle 30
watts, with vibrator ...................... X
Motors, Synchronous, 220 v. 60 cycles 1800
RPM. J8H.P. .. iiiiiiiiniinnneenannnnnns $30.00
Motors, Synchronous, 220 v. 60 cycles 1800 RP(INI!D
$6
U. S. N. double current generator, 450 volt at
250 mills and 9 volts at 3.75 amp. Complete
with filter. May be used as dynamotor . $55.00

U. S. ARMY TELEGRAPH SET

Signal Corps telegraph key and sounder
mounted on mahogany board. Oper-
ates on 2 dry cells. For Morse Code. $5-95

DIAL SWITCHES FOR TELEPHONES

“Kellogg” 4 terminal, 10 digits. Diameter

S A2 560000 0000000G000600000000 $3.50
Radio & Telegraph Keys. Standard
Signal Type ....vveueereeinannn $2.80 ea.
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industrial activity. It is not an experi-
ment, it is a fundamental fact. War as
we know it now is outmoded because
it is no longer war—it is suicide.”

KILLER—Cockroaches can swallow pheno-

thiazine without harm, but if this chemical
touches the outside of their bodies it kills
the pests. The phenothiazine passes through
the shells of the roaches, and is apparently
converted into another compound which
really does the killing.

BOMB SCORING
Made More Accurate
by Microphone Method

A NEW method of automatic and in-
stantaneous scoring of bombing ac-
curacy which enables officers at the
world’s largest bombardier college to
check the accuracy of bombs dropped
by cadets on targets 20 to 60 miles

As the bombardier sees new target

distant has been perfected and has been
installed at the Midland AAF Bom-
bardier School in Texas.

The new “sonic method” which was
developed under the supervision of
Capt. Edward Peter McKaba, Experi-
mental  Projects Officer, utilizes

Concrete housing for bomb microphone

methods originally devised for explor-
ing new deposits of oil.

In addition to speeding up the scor-
ing of each cadet’s bombing profi-
ciency, which now requires a large
staff of officers and men, the new
method will bring about a substantial
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saving in such scarce commodities as
rubber, gasoline, and motion picture
film. It will not only be less expensive
but will be more accurate than past
methods.

The new “sonic method” was de-
veloped by Capt. McKaba from the
seismographic method used for locat-
ing oil deposits. In this work, an ex-
plosive is set off on the surface of the
ground. The sound is reflected by the
sub-surface layers and picked up on the
surface by a row of geophones which
are like microphones. These sounds are
recorded on photo-paper and can then
be interpreted to plot the contours of
the sub-surface layers.

The problem of bomb scoring is very
similar. Four microphones are placed
in a ‘square pattern about the target
center, each 500 feet from the center.
By recording the time of arrival of the
sound waves from the bomb explosion
at each of these microphones, the
bomb’s position can be plotted. For in-
stance, the sound wave from a bomb
in the target center will arrive at each
microphone at the same time. If the
bomb is off the center, then the sound
will arrive at the microphone nearest
it first and at the other microphones
in the order of its distances from each.
These values as recorded can be ap-
plied to a unique hyperbolic plotting
board devised for this purpose by Capt.
McKaba, and the homb’s position de-
termined.

Heretofore, the explosion of eaclr
of the 200 bombs dropped by every
cadet during his 12 weeks of training
here has been photographed by a
camera from the bombing airplane.
With planes aloft an average of 20
hours a day, the developing of this
film has assumed proportions which
rival those of the largest Hollywood
studios. Adoption of the “sonic
method” will eliminate the need for
these expensive cameras and this great
quantity of film, plus the labor and ma-
terials required to process it.

Another great advantage of this new
system is that it may be wired back
to the home base through leased tele-
phone lines so that the bomb-scoring
crew may score each bomb the instant
that it hits.

WAR MEDICINE
New Knowledge Can
Stem Epidemics

ONE of the greatest questions of the
present war is whether modern science
is capable of preventing the recurrence
of epidemics which in all past wars
cost more lives than were lost in battle,
according to Dr. Bernhard J. Stern,
in a paper prepared for a Cooper Union
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symposium on “Medicine in Wartime".

The influenza epidemic that followed
World War I killed more victims in a
few months than all the armies in four
vears, it is pointed out by Dr. Stern.
who is a Columbia University sociolo-
gist and author of “Society and Medi-
cal Progress.” In the United States
alone perhaps half a million died; the
worldwide mortality is estimated at
from ten to twenty-one million.

There have been prodigious advances
in epidemology since the last war, and
there are elements of hope in the global
conflict now raging if the resources of
medicine are utilized to the full, Dr.
Stern believes. “In  World War I
soldiers got vaccines to protect them
from typhoid fever, paratyphoid, and
smallpox,” he says. “This time, in
addition they get shots to ward off
tetanus, which is lockjaw that results
from contaminated wounds, and yellow

fever. If they are going to North Africa
they get added protection against ty-
phus. If they are on the way to India
they get vaccines for plague and chol-
era. New yellow fever vaccine promises
to be of special importance.

“The results of advanced knowledge
of immunology are already apparent.
During the Spanish-American War
one out of every twenty soldiers con-
tracted typhoid fever. Ten percent of
these died. During the first half of 1941
there were only three cases in the
entire army, and no deaths.”

The developments in the field of sulfa
drugs mark one of the most brilliant
chapters in the history of medicine.
These drugs have already proved their
value in armies of the world in pre-
venting gas gangrene, the ailment once
more dangerous than bullets. In World
War I the loss of arms and legs from
infection was frequent and eighty per-

The Man Behind—
the Man Behind the Gun!

IN TIME OF WAR, the man behind the machine is just as

“HOW TO RUN
A LATHE"

A practical reference
book on the operation
and care of metal work-
ing lathes for beginners
and apprentices. Valu-
able as a shop text for
training classes. 128
pages, 5/8" x 8”, 365
illustrations. Price 25¢
per copy postpaid.

important as the man bhehind the gun. Back of the production
lines of every war industry is our first line of defense — the
toolroom. Here, where precision is of the utmost importance
— where tolerances are reckoned in split thousandths—you
will find South Bend Lathes. Modern in design, built with
extreme precision, South Bend Lathes are fast and accurate
on the most exacting classes of toolroom work. Their wide
range of spindle speeds permits machining with maximum
cutting tool efficiency.

South Bend Lathes are made in five sizes—9" to 16" swings,
in Toolroom and Quick Change Gear types. We also manu-
facture Turret Lathes for production operations. Write for a
catalog and the name of our nearest dealer.
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Smoothly geared
to duration living

A home, a headquarters, a stopping-off place
...The Waldorf-Astoria serves duration living

needs efliciently, economically...graciously.

~ WALDORF-ASTORIA

PARK AVENUE » 49TH TO 50TH ST.* NEW YO
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————MISCELLANY ———

cent of the soldiers with perforated
abdominal wounds died. Following the
attack on Pearl Harbor not a man lost
an arm or leg from infection and vir-
tually all who survived shock recov
ered.

RESPIRATOR
Cartridge Type for
Nuisance Gases

C(mm.mlz protection against paint and
lacquer sprays. chemical fumes, smoke,
and so on is afforded by a new car-

Cartridges come in colors

tridge-type respirator known as Dupor
No. 10. Different types of cartridges,
for differing filter purpose, are avail-
able for this mask. The cartridges are
easily distinguishable by their color so
that the workmen can always select
the correct cartridge for the job.

The molded rubber face piece gives
air-tight ‘fit while the adjustable head
band holds the respirator firmly in
place.

HACK SAW
Has Quick-Action
Lever Lock

A CAM-ACTION lever-lock sets up and
releases the blade in a new type of
hack saw frame, in which loose blade
studs and threaded tension devices
have been completely eliminated with
the result that blades can be replaced
or repositioned in a fraction of the
time required with frames of conven-

_tional design.

Straighter cuts and reduced blade
breakage are claimed to result from
the extremely high tension which this
new Star frame puts on the blade.
This high tension is possible because
the frame is made of heat-treated
spring steel. A gun-metal finish insures
high resistance to rust and all other
forms of corrosion.

The frame may be adjusted for 8-,
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MISCELLANY

IMMEDIATE DELIVERY
LATEST TYPE INDUSTRIAL & LABORATORY EQUIPMENT

BRONZE GEAR AND With

Inlet Price A. C. motor
CENTRIFUGAL PUMPS No. 1 Centrifugal 14" $ 6.50
No. ¢ “ 34" 13.50
No. 9 N 114" 16.50

133 Gear !5° Price $ 9.00 With A.C. motor
’ :: l‘- “ 10.0. ““ “ “

: L on reqnesl
The lever locks the saw blade BT General Electrlc Immersion Heaters
; “BUSH” CONDENSERS
10-, or 12-inch blades by pulling out a i TINNED COPPER
. . . o o £ s Designed for refrigeration
single pivot pin to its open position, ] and air conditioning. Has
sliding the frame forearm in or out to ®» many other uses. High
- . . heat transfer capacity =

desired length, and snapping the pin . and great efficiency Suitable for heating liquids tanks, kettles, etc.

. : (1 KW raises temperature 100° F 3 gallons per
baCk nto place. Blade may be I‘(J:-pO- X hour.) Fitted for 11%” -iron pipe thread. Can
smoned to face in any Of four dlrec- Sin; ) be used as 110, 220 volt or 3 heat 110 volt.
. . L A y 1200 Watt . $10.50
tions by placing it over either of two Double Cofl

. . . Linited ber of larger siz hand.
sets of fixed pins which are integral number of ‘emeer swes om nen

with frame.

MAGNETIC GAS VALVES

All sizes in stock; Prices on request.

EXHAUST FANS, BUCKET

. . .
_ _ BLADES Synchronous Motors
PAY—The median annual income of mem- General Electric A.C. New Emerson 100th H.P., 900 R.P.M. 110 volt
bers of the chemical profession in 1941 60 cycle hollow 25/32 shaft, no base. Manual
T . p 5 110 volt motors start. Has many applications $7.
was $3,364, it is disclosed by a survey just R ew. £t
mpl mmi f the American per min.
co p.efed by.u com ttee of the erica o 1550 IMMERSION HEATERS
Chemical Society. Fifty percent of the pro- . o
. . . 10” 1500 N Ideal for heating a small amount of fluid in-
fession earned more than this figure and 127 1750 stantly. Complete with approved cord & plug.
., : Will fit any drinking glass. Will not contaminate
50 percent less. 16" 1750 i water.
° A ° 16 1140 g 300 watt 110 volt
18” 1750 . 500 watt 110 volt
CONFERENCE CONTROL 18” 1140 -
i 20" 1140 g ROTARY PUMPS FOR VACUUM AND AIR
Made Possible by New 24 1140 : Especially designed for

24" 850

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

laboratories, jewelers,
dentists, doctors, hos-
pitals, etc. Also for
small gas furnaces.

AN INTERCOMMUNICATION system No. 2 max. pressure

which provides many new features not DYNAMOTORS, Gen. Elec. 6 volts c:;::ete with ﬂ:e:vsy
available in any other one system is input, 180 volts output, at duty 11
known as the Super-Chief. With an SOREIIS DS $15.00 motor
installation of these units, it is possible

for any number of stations to hold a R M i HEAVY DUTY TWIN
private conference without interrup- 4 COMPRESSOR

tion or eavesdropping from other sta- ' > : g 4 )

tions outside of the conference group. ] £ ADSH ; \ 4 g;ﬁmP‘:‘sia“zzm::i‘:htzmhglmdﬁztOUtgt
Also, by means of ingenious control ; ‘ 3 Hf)’, n?otgg air tank (300“1'1)5. tgst—A—
switches, it is possible to maintain ,5 % y 5 M 150 lbs. A.W.P.), automatic adjust-
one-way automatic transmission which - g able pressure switch, gauge, check

valve, safety valve and drainer, etc.
| Delivers 150 Ibs. pressure. Displace-
ment 1.7 cu. ft. per min.

Models D H G Ya
12” x 24” tank A.C. 110 or 220 v. 60 cycle
$57.50

6” x 30” tank A.C. 110 or 220 v. 60 cycle
bl $64.50

Large stock of air compressors, 4 H.P. to 20
H. AC. and D.C., all voltages, 1 to 120
.. . . 2 4 C.F.M. displacement, built for all requirements.
Intercommunication station unit . y Additional data on request.

is especially effective for dictation and ORGED DRAFT BLOWERS COMPLETE WITH MOTOR
for recording of conferences. F RPM. CU.FT MIN. INLET OUTLET PRICP

The units of this intercommunication 1750
system are provided with amplifiers of
sufficient power to permit operation 1§
w1th0ut a falling off in efficiency with PRICES QUOTHER VoL TAGES. ON. REQUEST. > ONCY
fhe units as far as 3000 feet from each
other. Each station is equipped with in-
dividual volume control and optional PIONEER AIR COMPRESSOR C o-v Inc.
equipment includes an earphone for use 120-s CHAMBERS ST. NEW YORK CITY, N. Y.
where privacy is essential.
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Of Finger Print
Classification
and
Identification

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

“THE 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
of the work from taking the prints
to final identification. Numerous
photographs and reproductions of
prints make all details clear.

Used by many governmental and

industrial personnel departments
and by the F.B.I.

$4.25 postpaid
New 1942 Printing

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

THE HENRY SYSTEM

MAKE YOUR OWN
TELESCOPE

at a cost of less
than $25.

working from inexpensive,
prepared kits of glass, abra-
sives, and pitch, and by fol-
lowing the practical detailed
instructions in

“AMATEUR
TELESCOPE MAKING”

This beginner’s book, from which
more than 25,000 telescopes have
been made by amateurs, gives ele-
mentary information on how to plan
and build the mounting, how to
grind, polish, and accurately shape
the essential glass parts by hand.
All necessary data are presented in
easily understandable form.

Over 500 pages
$4.00 postpaid, domestic
$4.35 foreign

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

Profusely illustrated
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Industrial Growth

SCIENCE IN INDUSTRY

New Products & Processes That Reflect Applications

of Research to Industrial Production

SIGNAL LIQUID
Hardens to a Surface
That Melts Sharply

F OR USE in any application where fairly
accurate determinations must be made
of temperatures, a new liquid material
has been developed which is applied to
any surface by a brush. This liquid
dries quickly to form a smear on the
surface that melts sharply when the
temperature of the surface reaches the
rated temperature of the material. After
cooling, the smear forms a glossy mark,
different in appearance from the origi-
nal, which indicates that the signal is
no longer operative. This mark can be
wiped off the work surface.

This liquid material, known as Tem-
pilag, is available for signal tempera-
tures in 25 degree steps from 125 to
350 degrees, Fahrenheit, and in 50
degree steps from 350 to 1600 degrees.
Fahrenheit.

POWER PLANTS
Searchlight Equipment
Undergoes Test

BEFORE portable power plants for the
operation of United States Army
searchlights are sent out into the field,
they are rigidly tested in the factories
which produce them. Shown under such
test in an accompanying illustration

R
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Soon to be furnishing power for

are a group of such power plants in
one of the General Electric factories.
Most of those shown are designed to
supply current in the field for the
operation of 60-inch, 800-million can-
dle anti-aircraft searchlights.

WEAR GAGE
Makes Indentation Which is

Measured Microscopically

AN OPTICAL instrument, which can
be used on internal or external flat or

Wear gage of many uses

curved surfaces to measure wear, em-
ploys a microscope to make comparison
measurements of diamond-shaped in-
dentations. After these indentations are

anti-aircraft searchlights
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made with a special indenter, the base
length of them will change as the sur-
face wears. Measurement of this change
by means of the microscope makes it
possible to detect a minimum wear of
000015 of an inch. or a maximum of
0014 of an inch.

This new gage can be used on cylin-
ders, spheres, or flat surfaces. Typical
applications are measuring the wear in
engine cylinders and on pistons, crank-
shafts, and other similar parts where
accurate wear determinations are essen-
tial to research.

BRICK AGER
Solution Colors Brick to
Camouflage New Work

Tm-: UNSIGHTLY appearance of new
brick work, when it is combined with
old work as in a repair or rebuilding
job, can be quickly and easily masked
by the application of an aging solu-
tion. This solution, mixed with water,

Before and after applying camouflage

is sprayed or brushed over the surface.
The two accompanying illustrations
are from photographs made only a few
minutes apart. Between the two ex-
posure times a coating of Justrite brick
aging solution was applied to the re-
paired surface, effectively ‘“‘camou-
faging™ it to blend with the older
surface.

NON-SLIP
Grid Gives Protection
Against Falls

DESIGNED to eliminate hazardous con-
ditions under foot in places where ex-
cessive water, oils, or other liquids
make floor surfaces slippery and unsafe,
a new wooden grid is giving satis-
factory service. Made of oak, the non-
slip feature of Orco-Grid is ob-
tained by bonding alundum abrasive
aggregate to the walking surface of the
grid pieces.

A composition known as “Valim” is
used to bond the aggregate to the
surface of the grids. The abrasive ag-
gregate and the bonding composition
are not affected by alcohol, gasoline,
creosote, S.A.E. 10 oil, water, and
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Abrasive insures sure footing

other commonly used solvents. Tem-
peratures ranging from 55 degrees
below zero to 300 degrees above zero,
Fahrenheit, do not affect the aggregate
or the bond.

FUEL METER
Uses Synthetic Rubber
as Shaft Protection

SYNTHETIC rubber has solved a major
problem in helping to assure the safety
of Army and Navy fliers; Chemigum
is being used in the rotors within
fuel lines of war planes to show each
pilot how fast his fuel is being con-
sumed. This is important in order that
each pilot may balance his rate of
usage against his supply.

The fuel-meter rotor is mounted
directly in the center of a plane’s major
fuel line, with the center shaft parallel
to the flow of the gasoline. The stain-
less-steel shaft of the rotor is covered
at each end with a sheath of Goodyear’s
Chemigum to resist the solvent action
of the gasoline; natural rubber would
swell and possibly clog the fuel line.

In the center of each rotor is a
bushing of magnetized metal. Propeller
blades on the outside of each rotor
force the roller to revolve as the flow
of gasoline strikes them. Thus the
rotor, revolving inside the metal fuel
line, acts in the same manner as an
armature, generating electrical im-

The Binary Slide Rule
equals a 20 inch straight
slide rule in precision.
Has C. CL A, K. Log, LL1,
LL2, LL3, LL4. Binary,
Gives Trig. functions to
Add and Subtract Scales
"l minute from 0 to 90
degrees. The engine-di-
vided scales are on white
enameled metal. Perma-
nently accurate. Dia. 84”.
Large flgures and gradu-
atlons eliminate eyestrain.
Exceptional  value and
utility. Price with {instructions $5.00, cash or
C.0.D. Durable case 80c extra. Circulars free.
Your money back if you are not entirely satisfled.
Gilson Slide Rule Co., Stuart, Fla.
Slide Rule Makers since 1915

1”7 Bi-convex lens 11%” focal length 20c 6 for $1.00
9-16" Bi-convex lens 1” focal lengh 15¢ 8 for $1.00
The above two lenses in a Camera View-

3 L S 0000000000000 00000000, c 3 for $1.00
1 1-16” Plano-convex lens 415" focal

length ................coiiuu. 12¢c 10 for $1.00
115”7 X 33”7 Watch size 150 to 1 ratio Gear

1314} {5 B8 5000000000000000700000000 35¢ 3 for $1.00
214 X 1% A.C. 110 volt Clock Motor 15

minutes per one revolution ............. $2.50
ALNICO MAGNETS? If you need them for War
uses; we can supply some. For pleasure NONE.
Buy War Bonds. .

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

Card and Photo Stereo — Mirror

(The modern
single picture
Stereoscope)

As useful and fascinating as the
camera and the movies. Every pic-
ture appears in three dimensions.
Valuable also in strengthening the
muscles of the eyes and in the treat-
ment of internal squint.

Price $5.50

NU-MIRROR CO., Bridgeport, Conn.

BUY BEARING
"BLIGHT-RESISTANT
CHINESE CHESTNUTS

Most productive of all nut
trees, easily grown, heavy
yielders. :

L
NUTS IN FOUR YEARS!

PLANT FOR BEAUTY—PROFIT—SHADE—NUTS
FUN. Northern Strains. Send post card for FREE
early order offer, booklet & prices on over 40 var.
of nut trees. Excellent as ornamentals. I have
experimented with nut trees for over 46 years.
SUNNY RIDGE 436 NEW ST., SWARTHMORE, PA.

fCHESTNUT)
TREES

% BUY WAR BONDS %

The parts

Benders.
work or

sheets,

SRR
O’NEIL-IRWIN MFG. CO.
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DIE -
DUPLICATING

shown are typical of the
variety of simple or intricate forms and
shapes which can be quickly duplicated
to a._ tolerance of .oo1” with DI-ACRO
Precision Machines — Shears, Brakes,
For experimental and research
production runs, DI-ACRO
Units form angle, channel, tube, rod,
moulding, wire, strip stock; shear stock
trim
With DIE-LESS DUPLICATING,
Man Hours and Crit-

ical Materials are

regularly
Send for
Catalog —
Duplicating
out Dies.”

347 8th Ave. S., Minneapolis, Minn.

LESS

duplicated stampings.

saved.
32 - page [ “w s sasser o

“h\/{’ei:?a} %&g MacE
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15,000
FORMULAS

1077
PAGES

HOPKINS’
‘“CYCLOPEDIA
OF FORMULAS”

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

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

$5.50 postpaid (Domestic)
Order From

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

Owners of
“AMATEUR TELESCOPE MAKING”

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

“AMATEUR TELESCOPE

MAKING—ADVANCED”

This is a wholly different book
from “Amateur Telescope Making.”

650 pages 359 sllustrations
Owver 300,000 words

$5.00 postpaid, domestie
$5.35 foreign

SCIENTIFIC AMERICAN
24 West 40th St., New York, N. Y.
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pulses which are transmitted by wires
from the fuel line and the rotor’s
mountings to the airplane’s instrument
board.

Naturally, as the flow of fuel in-
creases, the strength of the electrical
impulses is raised, which, in turn, re-
flects on the calibrated dashboard dial
that records the volume of fuel usage.

SPEED DRIVER
Can Speed Up Hand
Assembly Johs

A NEW high-speed ball bearing driv-
ing tool, known as the Aero Tool
Speedball Driver, drives screws, coun-
tersinks, or removes burrs. Replace-
able tips, conveniently stored in the
recessed handle, gives the tool a wide
variety of uses. It can be supplied in

A variety of tips are used

several shapes for special work with
tips for Phillips screws, slotted-head
screws, set screws, or for burring and
countersinking jobs. A tapered shank
on the tip allows for easy removal but
will not permit the tip to turn in the
tool.

GOLD ALLOY

For Use in Small
Parts Manufacture

ELECTRIC contacts, instrument bear-
ings, and so on can readily be made
from a new precious-metal alloy con-
taining gold, platinum, and palladium,
recently announced by J. M. Ney Com-
pany. This new alloy, which can be
drawn, rolled, machined, soldered, and
welded, fuses at 1985 degrees, Fahren-
heit, and has an annealed hardness of
180 Brinell.

FIBER CONDUIT
Is Replacing Metal in
Many Applications

IN viEw of the metal shortage, great
interest has been shown in the possi-
bilities of fiber conduit such as Ber-
mico, in which wood cellulose fibers
are scientifically built up and heat-
treated to form rugged tubes with a
solid, homogeneous wall structure.
These tubes are then impregnated by a
special process to produce a chemically
inert, light weight pipe with high me-
chanical strength and water resistance.
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Millions of feet of Bermico are put
under ground each year for the instal-
lation of electrical cables. Lately Ber-
mico fiber conduit has been used in
place of critical metal conduit. Another
new application is for inside drain pipe
to carry off rain water. Bermico is
also reported as being used as a pro-
tective jacket to prolong the life of
metal pipe exposed to corrosive action
of liquids or gases.

PAPER BURLAP

Has Similar Uses to
Fabric Which It Simulates

AVAILABLE in rolls and measuring
from 30 to 64 inches in width, a new
woven paper burlap is being marketed
for application in most of the services
for which fabric burlap has been used.
Bags, wrapping, backing for carpets
and rugs, upholstery, and seat covers
are a few representative examples of
the possibilities of this new material
made by the Matthias Paper Corpora-
tion.

INSULATOR-MARKER

Made of Plastic Tubing for
Wire Terminals

SHORT lengths of extruded plastic tub-
ing are clearly marked with letters and
numerals to perform two jobs; they
serve as insulators of terminal connec-
tions and as wire markers. Where lug
insulation and wire identification are
required, they speed assembly by elimi-
nating other means of identification.

The tubing from which these new
combination insulator - markers are
made has high dielectric strength.
Smooth inside surfaces permit quick
application over wires and lugs. Legi-
ble numerals of the customer’s choice
are printed on the tubing with an ink
that has resistance to chemicals, water.
and oils equal to that of the tubing
itself.

HAND WHEELS

Cast from Phenolic
Resin, With Metal Inserts

CUSTOM fabricated to the user's re-
(uirements, a new line of plastic hand
wheels for use on machinery of various
kinds has been developed by the Col-
onial Kolonite Company. These wheels
are cast from a phenolic resin; hence,
priority ratings of A-1-K or better are
necessary.

.Metal inserts for these new hand
wheels are shrunk in under heat after
fabrication, the metal parts being sup-
plied by the customer.
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AVIATION

Most Powerful Dive-Bomber

New American Aircraft Excels in Every

Respect Any Other Dive-Bomber Ever Built

ALEXANDER KLEMIN

Aviation Editor, Scientific American.
Research  Professor, Daniel Guggenheim
School of Aeronautics, New York University

So MucH has been written about the
German Stukas that many have
come to believe that the Germans not
only invented dive-bombing, but that
they excel at this effective fighting
method. As a matter of fact, the Amer-
ican Navy originated dive-bombing
and our dive-bombers are superior to
anything built anywhere in this class
of aircraft.

The latest, most powerful, and most
ominous dive-bomber is the Curtiss-
Wright XSB2C-I, which is a mid-
wing design and which carries two men
for its crew. Military necessity pre-
vents much information being revealed,
but we are glad to learn that the
machine will be faster, will have a
greater range, and will carry a greater
load of bombs than any other craft of
its type in the world. It is powered
with a 1700-horsepower Wright Cy-
clone engine, the wings have either
fixed or movable slots at the tips, and
a three-bladed controllable pitch pro-
peller will absorb the power of the
Cyclone.

EXPERTS ABROAD

Promote Co-Operation in United
Nations’ Aircraft Production

FROM the point of view of our air-
craft program, it is most encouraging
to see how closely Americans and
British are co-operating. A feature
of such co-operation is the exchange
of missions, whose personnel is com-
posed of aircraft manufacturers—not
politicians. When people like T. P.
Wright, of the Aircraft Division of the
War Production Board; Ken Ebel,
chief engineer and test pilot of Glenn
Martin’s; Philip G. Johnson, the en-
ergetic president of Boeing Aircraft;
J. Carlton Ward of Fairchild Aviation;
and other equally well qualified experts
visit the aircraft factories of Great
Britain, they return with much useful
information, both military and indus-
trial. In turn, they serve to energize
the English manufacturers.

Mr. Wright, on his recent return,
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reported impartially on the merits and
demerits of British methods. Their
factories are underground, in many
cases, with a number of plants scat-
tered in a given district to feed a cen-
tral assembly plant. This makes for
safety against bombing, but does not
make for better volume. Again, Eng-
lish machine-tool equipment is more

-obsolescent than ours and single-pur-

pose machines, which we take for
granted, are less frequent in England.
On the whole, productivity per man is
less than in the United States.

But Mr. Wright did not give us su-
periority on all points. Thus, British
working hours are about 15 percent
longer than in the United States. Re-
lationships between labor and manage-
ment are more cordial. There are no
material bottlenecks to be found. On
the contrary, materials flow smoothly
and their control is far more efficient
than with us. When the Deputy Direc-
tor of the Aircraft Division of the
War Production Board 1is expert
enough and broad-minded enough to
make such observations, we can only
compliment him on his wisdom, and
ourselves on our good fortune in hav-
ing such a man in this vital Washing-
ton post—A.K.

LUMBER—BIue stain in sapwood lumber is

caused by tiny threads of living organisms
which permeate the wood cells. Although
the threads within the wood are brown, they
impart a blue to blue-gray color by re-
fracted light.

TURNTABLE
Made in Portable Form, for
Use on Any Airport

THE ACTIVITY of an airport, as far
as ground movement of the airplane is
concerned, is concentrated at the Ar-
ministration Building loading platform.
And as plane traffic increases, so does
congestion grow at the loading plat-
form; the difficulty of finding space
in which to turn planes around in-
creases in like measure. In an attempt
to meet this difficulty, fixed or perma-
nent type turntables have been in-
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ARMY - NAVY BARGAINS

Leather belt ........ $.75 Cart. belt
Gun sling ........... .50 Rope lariat ..
Short shovel .85 Sword bayonet
Hobbles .50 Model cannon 7” ...
75th Anniversary Catalog 1865-1940, 308 pages, over
2,000 illustrations of pistols, rifles, daggers, medals,
saddles etc., mailed for 50 cents. 1943 circular for
3¢ stamp.

FRANCIS BANNERMAN SONS, 501 Broadway, New York

LIGHTING UNITS

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

KEESE ENGINEERING COMPANY

Hollywood, Calif. Dept. 8FL

Lighting Engineers for 50 years

COMPLETE
STUDY COURSES
and self-instruction
books, slightl
used. Sold, rented,
exchanged. All sub-
jects. Satisfaction
guaranteed. Cash
naid for used courses. Full details and 84-page
llustrated bargain catalog FREE. Write today.

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

HOME-

DO YOU RECOGNIZE
ONE OF THESE SIGNS?

IF YOU DO, you are ready to know their true

secret meaning in the divine or Cosmic world.
A new private and Sealed Book will be sent to
you without cost, explaining how the ancient
sages used these signs as keys to unlock the
forces of the universe. Just state which sign
you and address your letter to:
Scribe J. K. Y.
The ROSICRUCIANS [AMORCI

San Jose, California

recognize
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FREE PATENT Guip

PROTECT YOUR INVENTION
WITH A U. S. PATENT

Take first step to protect your

rights “to your Invention—without

cost. Mail coupon today for Free

‘Recard of Invention” farm and complete instructions
for making legal disclosure of invention and
establishing date. We also send 48 page free Book.
Patent Guide for the Inventor’’ telling importance
of prompt action; how to sell and market your
mvention; how to make Application for Patent;
of Successful inventions. Also details
you; our reasonable

examples
of how a Patent protects
charges for preparing applieations including official

drawings and technical specifications; confidential
search service to be reasonably certain Invention
is patentable; prompt service; strict secrecy; plan
for you to pay in small payments as application
progresses; other facts you want to know about
Patent Protection. Mail coupon for Free ‘‘Patent
““Guide”’ and ‘‘Record of Invention’’ form today.

CLARENCE A. O’BRIEN
and HARVEY B. JACOBSON

34-C Adams Bl gton, D. C.
REGISTERED PATENT ATTORNEYS
l Please send me your 48-page ‘Patent Guide” I
and your specially prepared ‘‘Record of Inven-
| tion” form FREE. This request does not obli- |
I gate me. '
I Name :
: Address '
l City '

(Please write or print plainlv)

| b g N i gt AR |
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stalled at Floyd Bennett Field, Long
Island, and at the National Airport in
Washington. These turntables require
reinforcement in the concrete or pave-
ment adjacent to the turntable pit, and
also provision for draining the pit.

Now, the International Stacey Cor-
poration, working under the sponsor-
ship of the Civil Aeronautics Author-
ity, has produced a portable turntable
which can be moved about the airport
as required (thus relieving conges-
tion). This new unit needs no pave-
ment reinforcement and is self drain-
ing.

The portable turntable is five feet
six inches in diameter, and only two
inches in height. Seals protect its huge
steel ball bearings against dust and
dirt. The whole unit weighs only 700
pounds and requires no anchorage to
the pavement surface. This turntable
has performed successfully under a
single wheel load of 20,500 pounds
with very little deflection of the top
revolving plate, and it has already
given excellent trial service at the
Washington airport.

The handling of cargo for the air-
lines, the construction of suitable
cargo terminals, the installations of
hand-cart and conveyor systems, are
all just in the offing. This portable
turntable is but one of the many de-
vices which airport engineers will de-
velop and which will help to handle
the commercial air cargo that all
authorities so confidently expect to
come after the war. For military pur-
poses air cargo is already being carried
on a vast scale—A.K.

SCRAP SALVAGE

In Aircraft Industry is
On Scientific Basis

GREAT credit is due to the Wright
Aeronautical Corporation for working
out a complete plan for salvaging tons
of vital scrap—steel, aluminum, and
other high grade materials used in the
construction of airplane engines. More-
over, this scrap is secured in such a
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Specifically designed and equipped for bomber crew training
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condition that it can be quickly re-
applied to the war effort, and is sent
immediately to steel companies, ship-
yards, tank manufacturers, smelters,
and the like.

The plan has the vital advantage of
segregating the various metals just
as fast as they are removed from forg-
ing or casting by lathe, drill. or mill-
ing machine. Machine tools, ranging
from small boring machines to mas-
sive turrent lathes, have bins attached
which catch and hold all shavings and
chips or whatever waste is produced.
Salvage collectors wheel large boxes
up and down the factory aisles, gath-
ering a special type of metal and, to
make sure that there is no mix-up, the
containers are identified with the cor-
responding machine tools by a fool-
proof color-marking system. Con-
tainers are .marked with a specific
color for each metal, the coloring
being in the form of a large “V”
painted on the side of the box. The
men employed, some of whom have
been appointed “monitors,” give full
co-operation—A4.K.

CREW TRAINER
Contains Major Aerodynamic
Features of Combat Planes

IT is an immense step from primary
basic training to the piloting of a huge
multi-engined bomber. There is an-
other great step from the individual
effort of the pilot to the codrdinated
team-work of the crew of a bomber.
The Army Air Forces have taken due
cognizance of these facts and met the
situation by development of the AT
(Advanced Training) Crew Trainers.
Such an advanced crew trainer has
been designed and built for the A. A.
F. by the Boeing Airplane Company.
and the Boeing AT-15 was probably
the first training plane specifically de-
signed and equipped for the integrated
training of pilots, co-pilots, bombar-
diers, navigators, and gun crews. In
reality, it is a small, perfectly equipped
bomber, with everything provided to

S————
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give members of the crew complete
training in their duties as individuals
and as members of ‘a team.

All the military gear of a bomber
is included—bomb racks, power-op-
erated gun turrets, regulation bom-
bardier’s position in the plastic enclosed
nose, and full radio and navigational
facilities. The fuselage is constructed
of mild steel tubing with wood fair-
ing and fabric covering.

Wings and tail surfaces are of wood
with plywood covering. The wing span
is approximately 59 feet and the over-
all length is 42 feet. With two Pratt &
Whitney engines of moderate power,
the top speed is well over 200 miles an
hour.

ELECTRIC EYE

Controls Warning Lights

on Aviation Hazard

SOME two miles from La Guardia

Airport, an “electric eye” has been in-
stalled on a 125-foot standpipe. The

“electric eye,” as the photoelectric
device has been nicknamed, makes use
of one phototube and three standard
radio type vacuum tubes. At the ap-
proach of darkness or fog this device
will turn on red warning lights.

Relays of this type are not new.
They have been used for the control
of street and highway lighting and for
floodlighting and spectacular devices:
it is their application to airport service
that merits noting.—A.K.

ANTI-AIRCRAFT
Weapons, Both Secret
and Announced

BRITISH merchant ships are reported

" to be using a rocket device that

sends into the sky parachutes, which.
when discharged from their small

MARCH 1943



shells, dangle long wires and entangle
attacking airplanes. The mere fact
that the device has been allowed to
pass the censor is, however, an indi-
cation that its efficiency is perhaps
mediocre. Another, more powerful
British anti-aircraft weapon has re-
mained secret. The Government was
about to describe it. A newspaper, The

AVIATION

NATIONAL DEFENSE

Daily Mail, pleaded for censorship,
which constituted an analogy to the
man-bites-dog story. The Daily Mail
was perfectly right in insisting on
secrecy, and the new weapon seems to
be inspiring fear in attacking Ger-
man raiders who often throw their
bomb load down in open country and
race back.—A.K.

How A Naval Battle Is Fought
(Continued from page 103)

and beneath its surface, staging raids
against enemy shore installations, and
— most important of all — covering
landing operations, such as in the Solo-
mons, and such, again, as that in
Northern Africa, in co-operation with
the Army.

The third main engagement in the
Solomons, the Battle of Cape Espe-
rance, occurred the night of October
11-12. Under cover of darkness a
strong Jap force tried to repeat the
practice of landing reinforcements on
Guadalcanal.

All classical standards aside, this
battle was fought in the darkness of
midnight and lasted for 27 minutes.
It was a duel of guns and torpedoes,
between almost equal opposing forces.
It 'was a battle in which a trap was
set by the United States force, includ-
ing the now-famous cruiser Boise, of
Captain E. J. “Mike” Moran. The Japs
steamed straight into ambush.

HE Boise alone fired 1000 rounds of

5- and 6-inch shells, nearly 40 a
minute for the 27 minutes. She shared
in the sinking of three Jap cruisers and
three Jap destroyers. She was hit below
waterline, her fires were out, and flames
leaped mast-high. She was given up by
her sister ships, but the crew of the
Boise plugged holes with bedding, and
patched her and pumped her so that
she amazed all by steaming back into
line at 20 knots two hours later. And,
despite her own loss of 107 officers
and men, she continued operation.

The Japs fled.

With the coming of daylight our
planes followed the Jap flight and in-
flicted further damage on Jap vessels.
The Japs lost at least eight ships sunk
and three damaged. We lost one de-
stroyer.

In the Battle of Santa Cruz Islands,
the fourth main sea engagement in the
Solomons, we lost one carrier and one
destroyer. The Japs in the same en-
gagement lost one battleship, three
carriers, five cruisers, along with 100
planes destroyed and 50 “probables.”
The battle centered around a United
States carrier task force which ex-
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changed air thrusts with a strong Jap
group northeast of Guadalcanal.

The Battle of Guadalcanal (being the
official title of the fifth main sea-
engagement in the Solomons) occurred
November 13-15. The Japs again at-
tempted to dislodge our forces in the
Solomons. The Jap preparations this
time were larger than ever. For weeks
they had been assembling ships, planes,
and troops in New Guinea, in the
Northwest Solomons region.

When the enemy had everything
ready and assembled for the attack,
three large forces moved in upon the
Solomons. They were met by our ships
just after midnight of the 13th. This
was the battle wherein the Japs, in the
darkness, got confused and fired on
each other. This was the battle, too,
wherein the San Francisco, by steam-
ing between the enemy lines and add-
ing more confusion to the Japs, so
distinguished herself that she later
received the accolade.

Our planes fought all next day, and
a new sea-action took place on the
second night. Warship slugged with
warship. On the morning of the 15th
the Japs fled. Or at least the survivors
fled, for the Jap losses included 25 to
27 ships sunk and 10 ships damaged.
The sinkings included one, and perhaps
two, battleships. The United States
lost two light cruisers and seven de-
stroyers.

In theory, then, it would seem that
individuality on the part of the com-
manders, along with surprises on not
doing the expected as taught in school,
have as much to do with winning sea-
engagements today as they always have
—despite all the war theories ever
written or studied.

It was the same in the days of John
Paul Jones and the Bon Homme Rich-
ard. It was the same when the Boise,
given up for lost, steamed back into line
still firing and her commander saying:
“Go after the biggest ones first.” It
was the same when the San Francisco
steamed directly between the enemy
lines at night, causing the Japs to
fire on each other. It will be the same
when. . . .
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Ideal LIGHT polarizing material for all

photographic and EXPERIMENTAL purposes
2 pieces, 2x2” $1 Postpald Remit

with full instructions with order.

(Larger sizes priced proportionately)

Send for new (:z:talogt cf)f Us:etli_ Eqm'pmenlt\—lwt s

Scientific ahoratory Apparatu

HARRY ROSS 68-70 W. BROADWAY, N.Y.C.

The Morse Decimalizer

The DECIMALIZER shows in a few simple
manipulations just. where to place the decimal
point in the result of any computation involving
several elements, part or all of which may be
decimals— for example, in such n problem as
(9 x .0432 x 74.1 x 3.8) —— (245 0093 x 36).
The DECIM LIZER removes that “declmal point
hazard’’ inherent in computations made with the
slide rule or otherwise.

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

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

WORLD'S LARGEST MAKERS OF COUNTING DEVICES ‘

VEEDER-ROOT INC. "grer

CONN.

SMITH & WESSON
Revolvers

SPRINGFIELD, MASS.

INVENTORS

INDUSTRY NEEDS YOUR

IDEAS NOW!
TWO REASONS:

Manufacturers
I getting ready NOW
for post war sales and

1 production—

are

Right now, manu-

facturers are seek-
ing products their ex-
panded facilities can
handle; factories must
have products to take
up the slack after
war orders stop. Your

You Need This
FREE BOOK

chance comes with patent protection now—

delay may endanger your chance. Get our
NEW FREE Inventor’s Book today and valu-
able “Invention Record’’ form. This request
does not obligate you. Act now. Write today.

McMORROW & BERMAN

Registered Patent Attorneys Before U. S. Patent
. Office, 1756 Alhee Building, Washington, D. C.
Send me your NEW FREE Book, ‘‘How To
Protect, Finance and Sell Your Invention’’
I and specially prepared ‘‘Invention Record’’

form at once, I understand that this request
does not obligate me

CITY
Write or Print Name Clearly
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DEFENSE TRAINING SCHOOLS

are using these practical avia-
tion books in their curricula

Elementary Aerodynamics

D. C. M. Hume $1.60
144 pp. 54 illus.

This book has been written for the
specific 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 flight, so that they
may understand and appreciate the
intensely interesting field of research
and engineering that next awaits their
attention.

Aircraft Blueprint Reading
Almen & Mead
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 Mathematics of
Aviation

A. C. Downer

124 pp.

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.

$1.10

$1.10

Aircraft Maintenance

Brimm & Boggess
512 pp. 700 illus.

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

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

Sound 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 West 40th Street, New York, N. Y.
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Our Book Corner

THE BOOK DEPARTMENT of Scientific American is conducted, with the
co-operation of the Editors, to make available for you a comprehensive book
service. Each month the Editors select and review in these columns new books
in a wide range of scientific and technical fields. In addition, they are ready
at all times to advise you regarding the best available books on any sub-
ject. You are invited to use this service freely. Tell our Book Department
what kind of books you want and you will be furnished with the names of
available books, including prices. When inquiring about books, please be spe-
cific; remember that we can be of the greatest help only when you tell us
just what you are looking for. Books listed in these columns may be ordered

from our Book Department.

A MATHEMATICS REFRESHER
By A. Hooper

ANOTHER crutch book for the lame
mathematician, and an excellent one
—as proved by the fact that it has made
learned mathematicians shudder (because
it unbends and attempts to break down
the usual barriers, and isn’t conventional).
Arithmetic, algebra, geometry, trigon-
ometry, and a wee peek at calculus—
these give the scope. After examining it,
this reviewer sees no reason why a dili-
gent student who never had previously
studied mathematics could not derive
much help from this book. It was pre-
pared mainly to refresh aviation trainees
whose high school mathematics was
rusty. (342 pages, 54 by 734 inches,
illustrated.) —$2.60 postpaid—A.G.1I.

NEW COMMERCIAL AND
TECHNICAL DICTIONARY

Spanish—English. English—Spanish

N AN attémpt to set a standard of ter-

minology for technical and commercial
words in Spanish, 50,000 words have
been chosen and defined. Many engineers,
importers, technicians, and soldiers will
find that the information presented here
will be invaluable on many occasions.
A supplement gives conversion tables of
weights, measures, and monetary units.
(600 pages, 615 by 915 inches, unillus-
trated, thumb-indexed.)—$10.20 postpaid.
—A.P.P.

JEWELRY, GEM CUTTING,
AND METALCRAFT

By William T. Baxter

SECOND edition of a book which has been
well received. The section on jewelry
making has been rewritten and new ma-
terial adcied. This book tells how, gives
addresses of dealers in material and equip-
ment and, in general, emphasizes the prac-
tical. (287 pages, 5% by 8 inches, 170 il-
lustrations.) —$2.85 postpaid.—A.G.I.

UNITED STATES SERVICE SYMBOLS
By Cleveland H. Smith and
Gertrude Taylor

THE vastness and variety of war serv-
ices and insignia are made simple, un-
derstandable, and far more interesting by
use of this volume. To know the meanings
and backgrounds of the symbols worn by
American men and women fighting this
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war is to appreciate the whole picture far
more thoroughly. The authentic informa-
tion and hundreds of illustrations in color
will identify members of the Army, the
Navy, the Marine Corps, the Coast Guard,
the Air Forces, the Women’s ‘Services,
the U.S.0., Civilian Defense people, as.
well as medals, decorations, squadrons,
regiments, and signal flags. (116 pages,
5 by 734 inches, lavishly illustrated im
color.)—$1.60 postpaid—A.D.R., IV.

THE STEAM LOCOMOTIVE
By R. P. Johnson, M. E.

ONCISE, technical treatise on locomotive-

theory, operation, and economics for
(mechanical) engineers. Author is chief
engineer of the Baldwin Locomotive
Works. Typical chapters: Tractive Force;
Counterbalancing; Torque Diagrams;
Locomotive Testing; High Speed Serv-
ice; Repair Costs. Plain, unadorned, thor-
oughly businesslike work (even the cover
is black like a locomotive) which makes
no concessions to popular appeal. (502
pages, 6 by 914 inches, illustrated.)—-
$3.60 postpaid—A.G.I.

VOLES, MICE AND LEMMINGS
By Charles S. Elton

ECOLOGICAL study of a problem in popu-
lar dynamics, by the Director of the
Bureau of Animal Population at Oxford
University. Fluctuations in vole, or
meadow mouse, and other mouse popu-
lation are studied in relation to those
of their predators in both old and new
worlds ( especially in Labrador Peninsula,
from the very old Hudson’s Bay Company
rceords). (496 pages, 6 by 914 inches, 21
illustrations.) —$10.10 postpaid.—A.G.1.

SHIPBUILDING BLUEPRINT READING
By Joseph L. Tomlinson

CONTENDING that skill, knowledge, and
technique needed to make ship draw-
ings are unnecessary to enable students to
learn to read and interpret them, this
author offers a practical home course on
shipbuilding blueprint reading, minus close
study of principles involved in marine con-
struction. Thus he arrives at a simple
explanation of skill in visualization, and
understanding of symbols and abbrevia-
tions commonly found in ship prints.
Preliminary sections are instructional.
followed by test sheets in step-by-step
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fashion. Author has background as ship-
fitter instructor with shipbuilding com-
panies and vocational schools. (208 pages,
8 by 11 inches; profuse with diagrams,
drawings, blueprints.)—$3.10 postpaid.—
A.D.R.,IV.

STRUCTURAL GEOLOGY
By Marland P. Billings

PECIALIZED textbook treatise, limited to

that part of geologic science which
deals with the principles, methods, and
technique of determining and mapping
local structural (three-dimensional) units.
Adapted to readers who are already fa-
miliar with stratigraphy, paleontology,
physiography. Author is associate profes-
sor of genlogy at Harvard. (473 pages, 6
by 8 inches, 336 illustrations.)—$4.60
postpaid—A.G.I.

RULES OF THE ROAD

By Lt. Robert A. McCoy, USNR,
and Lt Davis N. Lott, USNR

NAVY and reserve officers, midshipmen
and enlisted men, merchant marine
officers and seamen, sea scouts and private
yachtsmen will find this thorough explana-
tion of every combination of lights or sig-
nals required under both International and
Inland Rules of the Road both timely and
valuable. (121 pages, 6 by 9 inches, 45
full-page plates.) — $2.10 postpaid. —
A.D.R., IV.

FOUNDATIONS OF ASTRONOMY
By W. M. Smart

PRACTICAL, rather than descriptive, as-
tronomy is the main content of this
work. Content: geometry of the sphere;
celestial sphere; right ascension; mean
time ; solar system and law of gravitation;
refraction; parallax; aberration, preces-
sion and nutation ; determination of Earth’s
position; Moon; eclipses; stars; stellar
motions ; clusters and nebulae; telescopes.
This book will repel readers who seek
attractiveness, as it is bleak; but will
attract those who prefer bleak, compact,
mathematical treatment without conces-
sions to interest or wordiness (it surely
isn’t garrulous!). It is the text used in
first year astronomy in Britain. In
mathematics it does not go beyond trig-
onometry. Author is Professor of As-
tronomy at Glasgow. (268 pages, 515 by
85 inches, 115 figures, no pictures.)—
$4.30 postpaid—A4. G. I.

COME AND GET IT!
By George W. Martin

THE appeal of outdoor cooking and out-
door eating grew apace with America’s
automobile ownership—these rubber-less
and gasless days the relegation of the art
of outdoor culinary achievements to the
back-yard hasn’t lessened that appeal.
Beginning with a comprehensive discus-
sion of outdoor fireplaces, stoves, ovens,
fuels, and personal equipment, the reader
will learn much that is helpful about
preparation of delicious meats, fowl, fish,
shellfish, eggs, gravies and sauces, veg-
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Editors
Recommend

Best Sellers in Science

PLASTICS — By J. H. Dubois. Meaty information
on the whole general subject 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
CHEMISTRY =—— By Gerald Wendt, Ph.D.
Chemistry made easier by a presentation that is

intermediate between popular works and classroom
texts. This book contains the main substance of a
first-year college chemistry course, giving the reader
better than a sketchy background in this important
science. $2.35

HOW TO READ ELECTRICAL BLUEPRINTS —
By Gilbert M. Heine and Carl H. Dunlap. A
chapter on how blueprints are made, plus nine other
sections, each of which is devoted to a specialized

part of the electrical field, from bell and signal
wiring through motor control diagrams to powes
atation 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
win. ) $1.10

PLANE TRIGONOMETRY MADE PLAIN — By
Albert B. Carson. The emphasis in this book, by
an author who has tried to make the subject 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. $2.88

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

FUNDAMENTALS OF RADIO — By Jordan,
Osterbrock, Pumphery, and Smeby. With this
one volume alone, and with some diligence of applica-
tion, it is possible to obtain a thorough grounding
in radio principles. In thoroughness of treatment,
with due respect for the needs of the reader, this
book is outstanding. $5.10

THE TRISECTION PROBLEM — By Robert C.
Yates. Embodies mathematician’s answer to would-be
trisector. Gives chief dependable data on this never-
ending dispute. Compact, crisp, concise. $1.10

ELEMENTS OF ORDNANCE — A textbook pre-
pared for cadets of the United States Military Acad-
emy. Covers facture, the chemistry of explosives,
types of weapens, mathematics of ballistics, etc.
$6.60

FIRE FROM THE AIR — By J. Enrique Zanetti.
Pertinent facts regarding incendiary bombs. History,
modern types, materials, and the strategy and tactics
of their use in modern warfare. .60

MACHINERY’S HANDBOOK—Eleventh Edition.
‘“Bible of the mechanical 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 —
By John Strong, Ph.D. A wealth of useful data of
a practical kind for the conmstructor, experimenter,
and skilled craftsman. $6.80

STEEL SQUARE POCKET BOOK — By Dwighs
L. Stoddard. Practical methods of using the car-
penter’s steel square for layout work of all kinds.
Time-tried methods used by two eenerations of car-
penters and found both rapid and accurate. $1.00

MATHEMATICS — ITS MAGIC AND MASTERY

— By Aaron Bakst. Investment in approach to

slgebra, geometry, trigonometry, with time-savers.
$4.10

WORKING WITH THE MICROSCOPE — By
Julian D. Corrington. For the serious beginner.
Explicit, practical. $3.60

TOOL MAKING — By C. B. Cole. Instructions fer
making and using all kinds, from personal 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
complete understanding by average persons. $3.93

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

MILITARY BASIC COURSE — By Capt. Frank
X. Cruikshank. Complete story of Army opera-
tions in handy pocket volume. Fabrikoid binding. $1.88

A MARRIAGE MANUAL — By Hannah M. Stone,
M.D., and Abraham Stome, M.D. A practical
guide to sex and marriage, covering fitness for mar-
riage, i of reproduction, prevention of con-
ception, and similar vital subjects. Answers questions
most often asked these authors by their consultants.

$2.60

THE ADVANCING FRONT OF MEDICINE, By
George W. Gray — Summary of the high points of
our present-day kmowledge of the nature of disease:
Alimentation, high blood pressure, the sulfa drugs.
influenza, allergy, insanity, sleep, paim, drink, smok-
ing, anxiety, cancer, aging. A truthful picture of
the status of medicine. $3.10

AUTOMATIC ARMS — By Melvin M. Johnson

and Charles T. Haven. Comprehensively covers

hil guns, hi; rifles, b. guns.
pocket pistols, shotguns, sporting, military rifles in
automatic classification. $5.10

BASIC FIELD MANUAL, INFANTRY DRILL
REGULATIONS. Practical working manual for
commissioned issioned officers. $.50

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

2503 pages. $3.60
ATOMIC ARTILLERY — By John Kellock
Robertson. Electrons, protons, positrons, photons,

AIRCRAFT INSTRUMENTS — By George Ellis neutrons, and cosmic rays, all described for the
Irvin. All types of instruments for aircraft use de- layman in plain language. Also transmutation of the
scribed for stud pilots, i s. Fund 1 1 and the manufacture of artificial radio-
instructions. $5.10 activity. $2.38
® The above prices are postpaid in the United States. Add, on foreign orders, ®
25¢ for postage on each book. except as noted.
For Sale by: March, 1943
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Many of These Titles
Reduced for the First Time

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

QUANTITIES LIMITED — PLACE YOUR ORDER NOW

Title

Mechanical Properties of Fluids
Alternating Current Measurements . .
Fine -Structure in Line Spectra ... ...
French Reader for Science Students. .
Plant Diseases ....................
Steel and Its Practical Applications . .
Practical Physical Chemistry
German for Chemists
Chemical French

Technical Analysis of Ores and Metal-

lurgical Products ...............
Reinforced Concrete Construction . .
Embalming Fluids
Hair Dyes .......................
Magnesium & Its Alloys
Leather Finishes ..................
White Shoe Dressings .............
Canning Practice & Control
Portland Cement
Asthma
Catarrh .........................
Photography for Profit
Qualitative Analysis
Sparking of Steel ............ . ....
Mineralogy of Arizona
Thermionic Phenomena ............
Notes on Chemical Analysis
Research Narratives Vol. I
Research Narratives Vol. II
QOil Salesman’s Primer .. ... .. .. ...
Wood, Lumber & Timber ...... . ...
Varnish Making (A Symposium)
Book of Diamonds ............ ....
Technology of Solvents
Utilization of Fats
Chromosomes ... ...............
Structure of Metils & Alloys .. ... ..
Pyrotechny ... ... .. ... .. .. .. .. ...
Weather Prediction ......... .. ....
Rancidity in Edible Fats
Textile Testing
The Cyclotron
Fruit Pectins

Proctor’s Leather Chemist’s Pocket-

book ......... ... ...
Cosmetic Formulary
Food Industries

Dipole Moment & Chemical Structure
Overseas Trade & Export Practice
Study & Teaching of Spanish
Civil Protection

(To above prices add 10 cents domestic postage for each book.

. Cantell

. White

Author

Tolansky
Bithell
Bruck
Barr
Firth

Hills ... .. ..

Mendelsohn
Redgrove

Haughton
Mudd

Mason .......

Hume-Rothery .
Weingart
Lester
Lea

Bennett . .....
Vulte & Van-
derbilt
Debye
MacEvan
Peers ........
Samuely &
Hamely

Pub. OUR
lisher’s SPECIAL

Price

10.00

4.00

For foreign postage add 35 cents for each book.)
' For Sale by

} OUR BOOK CORNER

etables and cereals, soups, breads and
flour foods, beverages, and even such lux-
uries as deserts. Packed with splendid
recipes for picnickers, campers, hunters,
and all out-of-door eating fans. (189
pages, 53 by 9 inches, many drawings,
index.) —$2.10 postpaid.—A. D. R., IV.
WILLARD GIBBS
By Muriel Rukeyser
As THE years move on, science steadily
elevates the late Willard Gibbs high-
PRICE er and higher. An obscure, shy man,
7.25 scarce known to his neighbors, likewise
1.25 unknown to the world outside his quiet
125 limited daily radius at Yale, performed
1.25 mathematical miracles that have proved to
1.25 be basic beneath chemistry, and physics,
* and biology and, beyond these, chemical
2.50 industry. Gibbs, the almost unknown, is
1.25 seen today to have been one of America’s
1.50 few really great scientists. Among his
2.00 biographies the present one, widely ac-
claimed by reviewers, is turning out to be
equally preeminent. (463 pages, 6 by 9
igg Lrllcélels, 6 illustrations.) —$3.60 postpaid.—
2.00 e
2‘;‘; MATHEMATICS FOR READY REFERENCE
2.25 By H. M. Phillips
2.25 READERS of this book can use it as a
5.00 reference work as needed or as a text
5.00 from which to glean a comprehensive
75 knowledge of the whole subject of mathe-
75 matics. The method in which the text is
1.00 presented in numbered sections makes
50 reference particularly easy. (224 pages,
VJ:;:85 514 by 8 inches, a number of drawings,
‘:50 j(;’z;]ghiy indexed.)—$2.10 postpaid.—
1.25
1.25
WOODCRAFT
S50
.50 By Bernard S. Mason
1.50 OMPREHENSIVE, encylopedic on all
5.00 phases of campcraft, woodcraft, and
3.00 crafts of the woods. Excellent refer-
1.00 ence and guide to camp counselors, club
5.00 leaders, and individual—old or young—
3.00 who like life in the open. Au?hor h_as ha'd
95 a lifetime of experience in his subject, is
) 0 acknowledged by Ernest Thompson Seton
Lo as a “master.” (580 pages, 534 by 9 in-
2.50 ches, indexed, numerous photographs and
%’28 drawings.)—$2.85 postpaid.—A.D.R.
:-Zg HOW TO PLAN A HOUSE
1:25 By Townsend and Dalzell
RACTICAL working manual from which
4.00 the prospective—or today, at least, op-
2.50 timistic—house builder may gain access
to the underlying principles of planning
1.75 which architects know, but vyhich )
3.75 many amateurs, carpenters, bullder.s do
© not know, or else ignore to the detriment
3.50 of houses. This book gets right down to
2.50 cases and gives tangible details—it isn’t
merely vague and general. After studying
2.50 it thoroughly, the reader should emerge
with an enhanced respect for architects—
and in the end probably will hire one,
: but will understand, anyway. (525 pages,
5% by 8% inches, heavily illustrated.)—
$4.60 postpaid—A.G.I.
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CURRENT BULLETIN
BRIEFS

(The Editor will appreciate it
isf you will mention Scientific
American when writing for any
of the publications listed below.)

PorTABLE ELEcTRIC DrRILL, ITS PROPER
Use anp CAre is a handbook specifi-
cally aimed at operators of various types
of hand drills. The text describes and
illustrates the use and care of different
types, showing many of the wrong
methods which should be avoided for long
and efficient drill life. Black and Decker
Manufacturing Company, Advertising De-
partment, Towson, Maryland.—Gratis.

INDUSTRIAL SUB-ZERO MACHINES is an

eight-page illustrated folder which de-
scribes various types of refrigeration
equipment for such industrial purposes as
rivet storage, expansion fits, aging and
processing, and testing. Kold-Hold Manu-
facturing Company, 424 North Grand Ave-
nue, Lansing, Michigan.—Gratis.

How 1o INCREASE TooL LIFE is a 24-page

illustrated booklet which describes a
method of increasing the life of cutting
tools by fine-finishing of the cutting faces
during regrinding. By such methods it
is claimed that production has been in-
creased as much as 400 percent for milling
cutters and 66 percent for punches and
dies. Norton Company, Worcester, Massa-
chusetts—Gratis.

RECTIFIERS FOR ELECTROPLATING, ANODIZ-

ING AND ELECTROTYPING is a bulletin
which describes in detail a line of copper
oxide rectifiers, .their construction, opera-
tion, and operating characteristics. Pro-
fusely illustrated with photographs, charts,
and diagrams. Hanson-Van Winkle-Mun-
ning Company, Matawan, New Jersey.—
Gratis.

A. C. WELDERS is a 12-page booklet which
compares the advantages of A.C. and
D.C. welding and shows how welding
speeds can be increased and power costs
decreased. Westinghouse Electric and
Manufacturing Company, East Pittsburgh,
Pennsylvania.—Gratis.

PorTABLE FLEXIBLE SHAFT MACHINES is

a 30-page booklet which describes and
illustrates a wide range of machines of
this type. Also illustrated are some of the
attachments and accessories which are
available. R. G. Haskins Company, 615
South California Avenue, Chicago, Illi-
nois.—Gratis.

WHAT oF ToMoRROW ? is a 26-page folder

which is presented as an arnlysis of the
possible trend of future events as prepared
by a philosophical and educational fra-
ternity. The Rosicrucian Order, Rosicru-
cian Park, San Jose, California—Gratis.

SoLDERLESS WIRING DEVICES is a 32-page

catalog devoted entirely to illustrations,
descriptions, and specification details of
a group of wire terminals and connectors,
together with their application tools.
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These devices have been developed spe-
cifically for aircraft usage, but are adapt-
able to many other electrical problems.
Aircraft-Marine Products Inc., 286 North
Broad . Street, Elizabeth, New Jersey—
Gratis.

Tue EvoLutioNn oF THE Screw, by Her-

bert Manchester, is a 22-page booklet
which describes the historical development
of the screw thread from its earliest
known form up to those of the present day.
Parker-Kalon Corporation, 200 Varick
Street, New York, New York.—Gratis.

THE STory oF RESEARCH is a 20-page il-

lustrated booklet which describes
briefly but quite comprehensively the busi-
ness of research as it is conducted by one
of the largest industrial organizations in
the country. General Electric Company,
Department 6-201, Schenectady, New
York.—Gratis.

HaNDBOOK OF SPECIAL STEELS is a 128-

page manual presenting in text and
tabular form the purposes and uses of a
wide variety of steels, including tool,
Nitralloy, stainless, electrical, and carbon
steels. Clark W. Green, Allegheny Ludlum
Steel Corporation, Brackenridge, Penn-
sylvania.—Gratis.

ProTEKTOL is an eight-page pamphlet de-

scribing an industrial stripping lacquer
which has been developed for use as a
protective coating on polished metal, glass,
or ceramic surfaces. This protective film,
which prevents damage to surfaces during
handling and fabricating, is easily re-
moved. Interchemical Corporation, 75
Varick Street, New York, New York.—
Gratis.

NEw FIELDS FOR AMERICAN AGRICULTURE
is a 53-page pamphlet giving data on
growing small items formerly imported
but no longer available due to the war:
lavender, paprika, pyrethrum, perilla, rape,
eucalyptus, camphor, cinchona. National
Farm Chemurgic Council, 50 West Broad
Tower, Columbus, Ohio.—50 cents.

MicroMAX THERMOCOUPLE PYROMETERS is

a 56-page illustrated catalog giving in-
formation about available instruments—in-
dicators, recorders, and controllers—and
about the thermocouples and accessories
which are used with them. Leeds and
Northrup Company, 4934 Stenton Ave-
nue, Philadelphia, Pennsylvania.—Gratis.

AR Cramps is a four-page illustrated

folder describing a number of different
types of air clamps for industrial machine
tool use, ranging in size from a new
midget type to larger models delivering
pressures of from 80 to 1800 pounds on
a line pressure of 100 pounds. Mead Spe-
cialties Company, 15 South Market Street,
Chicago, Illinois.—Gratis.

How 1o HarNEss A CoNFERENCE, by Don

Herold, is a humorous approach to an
ever-present business problem. It gives
suggestions as to how to call conferences
and how to conduct them, using printed
forms which keep the whole business “on
the beam.” Please request this booklet on
your business letterhead. Hammermill
Paper Company, Erie, Pennsylvania.—
Gratis.
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The first history of the

Astronomical Telescope

The Greatest

EYE
in the World

By A. FREDERICK COLLINS

The only book to trace the evolution
of the telescope from Galileo to the
present, with detailed descriptions of
the equipment and work of the great
observatories in England and Amer-
ica. 52 diagrams and drawings and
27 photographs. $3.00

APPLETON-CENTURY, 35 W. 32nd St., N. Y.
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BUY more WAR BONDS!
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Experimental and Model Work

Fine Instruments and Fine Machinery
Inventions Developed
Special Tools, Dies, Gear Cutting, Etec.
HENRY ZUHR, Inc., 187 Lafayette St, N. Y. C

When you write to

advertisers
® The Editor will appreciate
it if you will mention that
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OUR MEN NEED
* BOOKS *
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Help a man in uniform enjoy
his leisure hours. Give your
good books to the 1943 VIC-
TORY BOOK CAMPAIGN.
Leave them at the nearest
éollection center or public
library.
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TELESCOPTICS

A Monthly Department for the Amateur Telescope Maker

Conducted by ALBERT G. INGALLS

Editor of the Scientific American books ’Amateur Telescone Making’’

IDEAL hobby for elderly people is telescope
making. Equally ideal for telescope
making are elderly people, for these
have long since discovered the necessary
patience and tenacity. E. G. Richardson,
1238 Broadway, San Gabriel, California, is
79 years young and, in sending the photo-
graph (Figure 1) of his 18", f/7 reflector,
he says he has ridden the hobby for five
or six years and made mirrors from 6”
up, also a 514" refractor and seven 6” and
two 125" flats.

Asked to give further detail about the
18" telescope, which is mounted as pro-
posed by Porter in “A.T.M.”, page 139, he
writes: “Most telescope drives shown in
the “A.T.M.” books show the motor on
the foundation or the frame of the tele-
scope. I have tried that and attempted to
smother the vibration, or rather cut it off
from the telescope, by various kinds of
pads and vibration insulators, but always
found an annoying slight vibration, espe-
cially in some positions of the telescope,
that interfered with sharp vision. So I
have put my synchronous motor in a little
two-story ‘dog house’ located on one side
of the telescope platform just visible at the

and ““Amateur Telescope Making—Advanced”’

prising to note the number of persons who
are more or less timid when they climb a
few feet off the ground, especially the
ladies. So I built the step platform. The
steps are 10” wide and there is a strong
rail on each side. You stand on the step
that suits your height, lean on or grasp the
rail, and take a look. You are relaxed and
comfortable. Much of the time you are
looking downward, the most comfortable
position, and the step is so solid that the
most timid feel no fear. For convenience
in moving around, the two legs are pro-
vided  with large casters. You grasp the
lower ends of the rails and push it around
like a wheelbarrow.

“Are there any advantages in a large
telescope? My experience is that when
the seeing is good you get just that much
more illumination and see better and more,
but when the seeing is poor the big tele-
scope gives no gain. Often, in fact, a
smaller instrument will show more.”

THE LATE J. H. Hindle, of England, was
one of a minority of amateur telescope
makers who prefer machines to hand work.
Figure 2 is a clean-cut machine he was

Figure 2: Hindle's uncompleted machine with rope drive

right in the photograph. The motor is
mounted on a block of concrete which
sits on a hole filled with sand. It is belted
to a reduction gear which is on its own
separate foundation, and the gear to a
shaft which runs through a conduit under
the platform and is geared to the worm
which drives the large worm gear at end
of the polar axle. I have absolutely no
trouble from motor vibration.

“The upper story of this little house
opens onto the telescope platform and in
it I keep star maps and the odds and ends
that one uses about a telescope. The
switch-controlling motor is also here.

“An accessory that is rather important
with so large a telescope is the observing
step platform, which the photograph shows
beside the telescope. At first I used an
ordinary 12’ stepladder, but it is sur-
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building when the war intervened. It never
was completed. Hindle sent no descriptive
data, but a close study of the photograph
will afford useful ideas.

Hindle’s machines for grinding and pol-
ishing embody a principle in which the
mirror rides on top, just as in hand
A

Richardson’s 18-inch

Figure 1:

grinding, and is free to rotate of its own
accord and does so rotate. Earliest origin
of this idea, so far as is known, is the
machine of Lord Rosse, described in Sir
John Herschel’s old volume, “The Tele-
scope,” dated 1861. Here it is the iron
tool which rides on top (KL, Figure 3),
mirror being beneath and immersed con-
tinually in water to within an inch of its
surface. M is a round disk of wood con-
nected with the polisher by strings hooked
to it in six places, Sir John Herschel ex-
plains. “The bar DG,” he adds, “opens
into a ring which fits the polisher nicely,
but without tightness, so that the polisher
turns freely around.” Thus Hindle’s ma-
chine traces pretty clearly to the younger
Herschel’s.

Figure 4 also might have been the in-
spiration of the drill-press grinding ma-
chine described by Hindle in “A.T.M.”,
page 219, and is the old Lassell machine
described by Sir John Herschel in the
book named above. Amateur telescope
makers as a class are too mechanical to
need all the lettered details of this old
drawing explained, except possibly that the
gear O is fixed and the sector S is con-
centric with the axle P, though in bad
perspective in the odd old drawing. It is

Figure 3: Was this the genesis of the free-floating principle?
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hollow, and pinion T is adjustable any-
where along its groove. Hollow crank
arm I is also adjustable. “By this mech-
anism,” Herschel states, “it is evident
that the pin [which drives the polisher J]
will be carried circularly around a point
which is itself maintained in circular
motion.”

Hindle’s adaptation of this old principle
was an improvement, in that he eliminated
its rather Rube Goldbergish character-
istics, and for them substituted more prac-
tical simplicity.

s ALL amateur telescope makers know,
you can saw glass with wet Carbo
and the edge of a strip of sheet metal. The
same procedure works with stone. In

F:gure 4: Lassell’s machine

‘making the stone sundial shown i1 a tem-
porary mock-up in Figure 5, your scribe
sawed out its two 1”7 x 14” x 18” slabs of
dense Devonian flagstone using No. 60
‘Carbo with the back of a one-man cross-
cut saw, each cut requiring about an hour.
A drip-can was rigged up, a mound of
Carbo was poured out near the cut, and
this was fed in with the aid of a stick of
wood as the right hand kept the saw mov-
ing. (In this instance, the owner of the
saw, too distant to see clearly and ig-
norant of our familiar sawing technirre.
thought the stone was being sawed with
the toothed side, and fainted.)

The uneven slabs were worked down
with an old glass tool and coarse Carbo
with ample elbow-grease, then fined with
some of the familiar Carbo series.

The gnomon is a solid casting of bronze
made and contributed by Fred. B. Ferson,
‘Biloxi, Mississippi, author of the chapter
on molding and casting in “A.T.M.A.”

Diagonal lines for each 15-minute time
interval from 7 to 11 A.M. were incised
with the edge of a piece of sheet metal
and Carbo. As they shallow up at the
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Bach kit has two glnu discs (aomct
thickness) d pitch, 8

abrasives (fewer may not give perfect
optical surface), rouge, instructions,
FREE ALUMINIZED DIAGONAL

etc.
POLISHING and PARABOLIZING
MIRRORS, all sizes made to order.

4” Kit .. $2.95 (Pyrex, $4.00)
6” Kit .. 3.75 (Pyrex, . 5.50)
8” Kit .. 6.50 (Pyrex, 8.00)
10” Kit .. 9.95 (Pyrex, 13.95)
12” Kit .. 14.75 (Pyrex, 22.50)

Write

J”

"l
for FREE ILLUSTRATED CATALOGUE

i

il

HIIIU

COMPLETE HIGH- GRADE KITS OUR SPECIALTY

ALUMINIZIN@

and bri
coatlng thut is unlform -nd produce-
a and sur-
face. Guatameed not to peel er
blijster.
6" ... $2.50
w g Ll $3.50
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Mirrers for Cameras, Range Finders
and other optical instruments.

THE PRECISION OPTICAI_. CO.

1001 EAST lGGrd STREET

| N’EWYORKNY
i g ,

Surface Hardened

ALUMINIZED

Coatings

are unifermly superior in reflectivity and
improve the performance of telescope mir-
rors, prisms, diagonals, camera mirrors,
range finder mirrors and other optical front
surface mirrors.

These Surface Hardened Coatings are used
in some of the largest observatories on
mirrers which are famous throughout the
:otld. Have your mirrors coated with the
est.

Prices: 4”"—$1.75, 6”"—§2.50, 8”—§3.50,
10”—$5.00 and 121/1"—58 00. Up to 36"
on request.

LEROY M. E. CLAUSING
5507 Lincoln Ave. Chicago, il

EARTH, MOON AND STARS

By FRED L. WHIPPLE

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

FOR SALE BY

SCIENTIFIC AMERICAN
24 W. 40th St. New York City

KITS OUR SPECIALTY

Made to order, correctly ﬁgured polished,
parabolized.

4" kit. § 2.95 Pyrex .§ 4.25
6” kit. . 3.75 Pyrex 5.50
8” kit. . 6.75 Pyrex 8.50
10” kit. .  9.95 Pyrex 13.95
12”7 kit. . 14.75 Pyrex 24.00

Kits contain 2 glass discs, 8 grades of abrasives
(fewer do not insure an optically perfect surface).
rouge, pitch or beeswax, and instructions.

Money-back guarantee that

THESE KITS ARE SECOND TO NONE
REGARDLESS OF PRICE

PYREX MIRRORS

Precise work guar

and

Prices on request.

WE DO POLISHING, PARABOLIZING AND

ALUMINIZING

(Send for ourTNEW, ENLARGED, and ILLUS-

RATED catalogue.)

M. CHALFIN

G.P.0. Box 207, New York, N. Y.

TELCESCOPE

Popular Illustrated
Astronomical Monthly

Currently featuring a series of articles on navi-
ganon For amateur astronomers — star charts,
Gl ! page fer

for
observers, and celestial photographs.
$2 a year, domestic; $2.50 foreign
Single copy, 20 cents.
SAMPLE COPY ON REQUEST

SKY PUBLISHING CORPORATION
Harvard Observatory, Cambridge, Mass.

We

have no more eyepieces.

Important Announcement!
TELESCOPE MAKERS.

Probably no more eyepieces or

John M. Pierce

lenses for them will be available until after the war. HOWEVER
amateurs may make their own eyepieces of excellent quality using
our Lens Grinder and fragments of mirror or windshield glass.
You will find this as fascinating a hobby as the more common one
of telescope mirror making. Our grinder can be driven by either
a small motor or by hand with a *bow”.

Revised hobbygraph “Lens Making”...... .. 30¢.

Lens Grinder witheut motor.............. £5.00

We offer as in _the past advice and materials based on our 23
years expeuence Our $5.00 set consists of glass, abrasives, pltcll.
rouge, and instructions for making a 6” tel All
are of Pierce qunllty and a supply of our famous #6 grit for
finish grinding is included. This ‘‘super’” abrasive materially
shortens polishing time.

Write for catalogue of supplies.

11 Harvard St.

Springfield, Vermont
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THE ENGINEER'S SHETCH-BOOK OF
MECHANICAL MOVEMENTS

NOW
$2.10

Not a treatise on ma-
chine design nor an
instruction book on
construction, but an
imposing omnium gath-
erum 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.
Postpaid

Order from SCIENTIFIC AMERICAN
24 West 40th St., New York, N. Y.

Now $2.10

For Scientific and Technical Books
Try our BOOK DEPARTMENT
SCIENTIFIC AMERICAN

What's in the

AIR
For 1943?

HE vivid and continuing story of avia-

tion is the most exciting thing in this
world today. Front page headlines shout of
the death-gripping struggles in the skies over
the once calm Pacific, over the blazing bleed-
ing sands of North Africa, over the stormy
Channel and on into the Axis-held countries
and Germany itself. Photographs faithfully
record these never-to-be-forgotten dog-fights
and triumphs, pictures taken by men as brave
and resourceful as those who proudly wear
uniform.

The one place to turn to learn all the facts
about air power in all its myriad forms is to
an aviation magazine — where, the complete
story is factually reported and analyzed by
editors who have made aviation their life work,
men who live, breathe, sleep with planes and
parachutes, men who know intimately pilots,
desi gr keys.

Where better can you get this progressing
story than in AIR NEWS, the scarcely two-
year-old magazine which, through the vitality
of its carefully chosen pictures, outstanding
articles and features has, in that short period,
achieved the. largest newsstand sale — month
by month — of any aviation magazine ever
published — any time, anywhere.

Don’t miss a SINGLE issue. See that YOU
are well informed on the greatest story in the
world today. Make certain that YOU know
the latest facts about aviation. Send $1.00 for
the next 8 issues.

AIR NEWS

545 Fifth Ave. ® New York City

Printed in the U. S. A.
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ends, this gives a curved illusion due to
the shadows of their own edges.

The larger letters were hogged out with
an electrically driven “Handee Tool” and
finished by hand with tools ground from
old files and a knitting needle. The style
of lettering was stolen from an inscrip-
tion in England and it isn’t orthodox (so
says an engineering friend).

The left-hand stone carries a graph of
the equation of time for the summer

MAN

S R e

Figure 5: Stone sundial parts

Figure 6: Rock cabin, sundial

months, also instructions for making the
date corrections. By careful interpolation
between the 15-minute lines of the dial, and
addition or subtraction of date correction,
it is always possible to set a watch and
find it within two minutes (Sun’s “time
diameter”) of correct time. Help from
Mayall and Mayall, “Sundials,” is grate-
fully acknowledged; also from Mayall
and Mayall.

This is an east-facing, morning dial and
it was built into the masonry over the door
of a rock cabin (Figure 6) situated as
per the legend carved on the dial: N. Lat.
42°29'40” ; W. Long. 76°54'46".

This cabin was begun 15 years ago and
has provided a “piece of resistance” for
annual two-week vacations. It was placed
4’ from the base of the 20’ vertical cliff
shown (note ladder) and in 18” of water.
It therefore is an island. Some 56 cotton
cement sacks were filled with mixed
cement and aggregates and corded up on
the solid rock bottom under water till
they reached the surface. Into these, before
the concrete set, was thumped the initial
course of stone. The 12” wall then was
continued to 17’ above datum. Approxi-
mately 100 tons of 114” stone selected
from the submerged talus by a sub-
merged editor were brought in a row-
boat and laid up in concrete mortar. No
help was employed on this cabin—it was
too much fun.

MARCH 1943

The flat, five-ply, pitch-and-felt, Barrett
Specification roof proved to be the largest
and liveliest job of pitch lap making this
writer ever did, particularly when the
pitch, which was being raised toward
400° F. in an iron washtub over an open
fire, flared up in a roar just as both feet
became stuck in the hot, soft, just-mopped-
on pitch tanglefoot. Has any reader ever
found out why two things pick one time
to happen?

The castellated design is a perversion of
one contributed by Russell Porter. The
front porch shown is a temporary eyesore
to be replaced by a proper stone stylobate,
or basal surround, to give proportion.
Porter calls this cabin “Karnac,” others
refer to it as a mausoleum.

Door hardware was forged from Swed-
ish iron, to a tolerance of 10,000 wave-
lengths of the B line of sodium light.

Inside are a corner fireplace, Shipmate
range, built-in table, a bunk 7’ overhead
and a stone floor to fall out on.

The “Fisherman Good Luck” invoca-
tion relates to the small-mouth black bass
that lurk in the foreground in 20’ of clear
water and chuckle “they’ll need it,” as the
optimists troll past.

This is a vacation hideout, and there’s
more than' one way to hide out on a two-
week vacation far from the madding
crowd and the razor (Figure 7), while
laying stone masonry.

°

The preceding 53 lines and Figures

5,6, and 7, give some indication of the
excessive mental strain under which
Scribe Ingalls has been laboring these
past 15 years. The purpose of this note
ts not only to disclaim all responsibility
for the civil-life actions of our associate,
and especially for this month’s depart-
wment, but also to warn all “Telescope
Nuts” of what may be expected from
Scribe Ingalls 15 years from now, when
he will have “retired” and be living in
his own “mausoleum” (Figure 6.)—The
Other Editors.

Figure 7: ?
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' Amazing New Way to Learn

PANISH

in Only 15 Minutes a

QUICK, sure way to learn SPANISH, or any
A language, is by listening to it — the way children
learn! This is the natural way: to listen, then repeat
what you hear, until speaking the language becomes
natural to you.

Cortina “Learn by Listening” Records will teach
you Spanish in ONLY 15 MINUTES A DAY! They
bring the clear, cultured voice of a native SPANISH
instructor (with easy time-tested Cortina lessons) right
into your living room! He talks to you whenever you
wish — as often as you like — in faultless, idiomatic
Spanish. He converses with you just as any SPANISH
SPEAKING person would, on the streets, in shops, or
in the offices of a South or Central American city.
Your instructor never tires, never complains.

New Opportunities Ahead—
Now is the Time to Learn!

SPANISH is the easiest of all languages to learn! And
today is the finest time to learn it. World conditions have made
SPANISH the most important foreign language! And the
tremendous expansion of American interests in Latin-American
countries will open up excellent opportunities for vears to come
for AMERICANS WHO SPEAK SPANISH!

Remember, SPANISH means greater social advantages, too.
You discover new and interesting cultural fields. Whether you
want SPANISH for South American business contacts — for
new friends, greater travel pleasure, more reading enjoyment
— the famous CORTINA Method can teach you right in your
own home — in 15 minutes a day — quickly, easily, reasonably !

Sent on 5 Days’ Approval

Now when SPANISH can mean so much to you, see what
the fascinating, inexpensive CORTINAPHONE Method will
do for you. You risk nothing. Without obligation get our free
32-page book, “The Cortina Short-Cut” It gives full details of
5 Day’s Free Trial Offer. If the Cortinaphone Course does not
prove, in the wvery first five days, that it can quickly and thor-
qughly teach you the language of your choice, just return it,
without cost or further obligation. Add a knowledge of Spanish
to your accomplishments as soon as possible. Mail this Free-
Book coupon NOW! CORTINA ACADEMY, Suite 153, 105
West 40th Street, New York, N. Y.

Day !

FRENCH, ITAALIAN, GERMAN, ENGLISH ALSO TAUGHT

r--------------------------

CORTINA ACADEMY (Language Specialists for over 60 years) l
Suite 153, 105 West 40th St, New York, N. Y.

1
Send me — without obligation — your FREE book, “The #
Cortina Short-Cut,” and full facts about your special “Proof- |

in-5-Days” offer. 1
(Check language in which you are interested) 1

0O SPANISH [J FRENCH [ GERMAN 1

O ITALIAN O ENGLISH =

Name ... [ ]
Address :
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This is the way to win a hattle
in the desert

Libya and North Africa made it clearer
than ever: THIS Is A WAR OF SUPPLY.

In 1918, an American soldier could be
equipped and maintained on 5 tons of
supplies each year.

But today, for every soldier sent
abroad, 1014 tons of shipping space must
be provided for equipment alone. And it
takes an additional 18 tons of shipping to
supply a single soldier for a year!

Supply is a matter of ships.
And ships need electricity.

Tune in the Westinghouse Program starring
John Charles Thomas — NBC Network,
Sunday, 2:30 P. M., Eastern War Time.

Vast quantities of electric power, for a
thousand vital tasks that must be done
to take a convoy safely across the seas...

Electricity to steer the vessels and
operate the radios and signal lights.

Electricity to detect the approach of
enemy subs and planes, to sound the
alarm, to organize the defense.

Electricity to power great cargo
winches, and delicate navigating instru-
ments.

Electricity to make magnetic mines

Westinghouse

harmless, to provide invisible ‘“black
light” for reading charts at night. Elec-
tricity to keep food fresh, to cook it, to
ventilate the ships, to provide comfort
for the crews. .

Electricity in every freighter, every tank-
er, every Navy escort vessel—to help win
the war of supply!

We of Westinghouse take tremendous
pride in building so much of the elec-
trical equipment, so many of the great
turbines and gears and electric drives,
for the ships of America’s Navy and
Merchant Marine.

Into every piece of that equipment
go all our “know-how,” all our skill, all
our determination to do our share in this
war—and if possible, a little more.

Westinghouse Electric & Manufactur-
ing Company, Pittsburgh, Pennsylvania.
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PLANTS IN 25 CITIES— OFFICES EVERYWHERE



