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Research workers on war problems
may find the answer in the following list

Metals:

Aluminum castings corrosion
protection

Foundry cores

Joint seals for pipes

Aluminum drawing lubricant

Tin stamping lubricant

Nickel alloy stamping rust pre-
vention

Metal surface protection

Drawing and stamping of nickel
alloys

Sintered bearing lubricant

Paper:

Transparent coating
Waterproofing liquid
Flameproofing agent
Translucent paper
Wax coating

Textiles:

Transparent coating

Olive oil substitute

Waterproofing liquid

Textile lubricant

Flameproofing agent

Flexibilizer for cotton braid

Dye solvent

Textile emulsions

“Nylon” and “Vinyon” lubricant

Worsted and spun rayon lubri-
cant

Ceramics:

Binder for ceramic insulation

Protective coating against me-
chanical abuse

Binder for vitreous enamels

Binder for abrasive wheels

Binder for porcelain enamel frit

Pharmaceuticals and Foods:

Edible emulsifying agent
Non-staining ointments
Edible fixative oil for candies
Binder for yeast tablets
Enteric Coating

Polish for tablets and pills

Adhesives:

“Cellophane” and cellulose ace-
tate adhesive

Tissue paper to aluminum ad-
hesive

Adhesive for rubber to cloth

Thermosetting cement

Paints, Varnishes, Colors
and Pigments:

Pulp color and pigment dispers-
ing agent

Flatting agent for paints and
varnishes

Emulsion paints

Lacquer and varnish plasticizer

Soft grinding of lake colors

Increased length of pigment lakes

Non-mar enamels

Water and ink resistant lacquers

Rubber and Synthetic
Rubber:

Gasoline resistant finish
Rubber gasket lubricant
Rubber to cloth adhesion

Polishing of hard rubber
Plasticizing synthetic rubber

Cork:

Cork preservative

Cements:

Waterproofing agent

Wood:

Warpage prevention
Flameproofing

Leather:

Sulphonated oil substitute

Plastics:

Plasticizer and lubricant
Polishing
Lubricant for molding

Miscellaneous:

Wax which will not melt in boil-
ing water.

Substitute for Montan Wax, Ozo-
kerite, Japan Wax and other im-
ported waxes.

Dry preservation of anatomical
and pathological specimens by the
use of a water miscible wax.

Synthetic oils dispersible in water
that do not contain soap, or added
emulsifiers.

Emulsifying agent for emulsions
stable to strong acids, salts and other
electrolytes.

Photographic offset plates are im-
proved, giving increased water solu-
bility, spread and wearability by the
use of a new type of binder.

Defoaming agent for casein, gela-
tine, shellac and similar products.

Wax which “dissolves” in hot
water.

Oil which remains fluid at —50°
C. without freezing.

Abrasive wheels. A temporary
binder for abrasive wheels which
completely volatilizes on firing.

A wax which combined with oil
soluble dyes serves as a light filter
and watch glass holder in the dis-
section of small organs and organ-
isms.

A number of glycerin substitutes
meeting specific requirements are
now being marketed commercially.

Lanolin for industrial purposes
can be replaced by a new compound
made from domestic raw materials.

In laundering white garments, if
the filler is washed out, the original
stiffness and body can be restored
by a new water soluble, colorless
synthetic resin.

A liquid foam producer to replace
Saponin for industrial purposes, is
now being offered.

A hygroscopic, water soluble
liquid which is an excellent dye sol-
vent and which replaces glycerin in
many instances.

Gum Tragacanth Ribbon is being
replaced by a new edible gum of
domestic origin.

Our laboratories have developed
solutions to these unique problems.
The answer to these and many
other problems are given in a 112
page manual of chemical formula-
tion for numerous industries. A
copy of the manual “Chemicals by
Glyco” is yours for the asking. Send
for it today. You may find the an-
swer to your war-time problems.

GLYCO PRODUCTS

CO., INC.

230 King Street, Dept. 59,
Brooklyn, N. Y.




“HORSEPOWER is Warpower,”’
see page 4, is symbolized by our front-
cover illustration of an Allison-pow-
ered plane of the United States Army.
This striking photograph was made by
Robert Yarnall Richie and-is repro-
duced through the courtesy of the
Curtiss-Wright - Corp., Propeller Di-

vision.
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00 Years Ago in...

(Condensed From Issues of July, 1892)

PATENTS—“Disparagement of patents is common and easy
but it should not be forgotten by those who sneer at inventors
that, out of a total of over $8,000,000,000 of capital invested
in manufacturing in the United States, patents form the basis
for the investment of about $6,000,000,000. Evidently, the United
States system of encouraging invention that has resulted in the
patenting of over 475000 inventions, is a system that is ex-
ceedingly wise and valuable.”

CENTRAL SCREWS—“A new ship has just cast anchor at
the Louvre wharf—the steamer Louwvre, built by Mr. Oriolle
of Nantes. When loaded it sinks but 2.8 meters in the water,
and is consequently capable of ascending the Seine with a full
cargo. This quality is not the only one that makes a truly

Fig. 8.—VERTICAL SECTION AMIDSHIPS.
A, A’, centrul propellers,

1. Stern cabins. 2. Provision room. 3 Aft merchandise hold. 4. Emgineer’s room. 5. Engine. 6. Boiler.
8. Forward merchaodise hold. 9. Crew’s quarters. 10. Wine bold. 11. 8tore room. 12. Galley.

7. Propelier tunnel.

original ship of the Louwre; it is the first ocean vessel provided
with two central propellers . .. These two propellers are placed
a little forward of the center of the vessel . . . Each revolves
in a sort of tunnel having the form of an inverted U . .. The
propellers; which are 1.8 meters in diameter, and of 2 meters
pitch, in revolving suck the water in front and force it aft.
As the tunnels are not closed at their lower part, the cavities
that they form on each side of the center’of the vessel increase
the stability of it.”

WRECKED—“The schooner Henry B. Tilton was recently
wrecked off the United States Army Ordnance Proving Grounds,
at Sandy Hook, by a 575 pound projectile which went astray
after leaving the muzzle of a 10-in. breech-loading rifled cannon.
The projectile struck the vessel on the starboard counter,
crashed through her longitudinally as if she were an eggshell,
and before the crew realized that the craft had been struck,
the water poured in through a great splintered hole in her port
bow, where the shot had emerged.”

AIR LOCOMOTIVES—“A compressed air locomotive is
reported to have been successfully used for several months in
the interior of the Old Eagle Mines, near Pittsburgh. . .. Gen-
erally the construction is the same as a steam locomotive,
with the omission of the boiler and water tank, these being
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replaced by two large cylindrical tanks holding the compressed
air. . . . The locomotive carries air at 500 to 600 pounds pres-
sure but ordinarily the pressure varies from 250 to 450 pounds.
... If charged to 500 pounds, the engine can make a distance
of 1 1/3 miles, doing heavy work, and it is practicable to
make a running capacity of 4 miles with one charge.”

SHIP BUILDING—“On account of the contracts undertaken
by the Union Iron Works in the building up of our new Navy,
the establishment now occupies a position of much general
interest. Here in South San Francisco were built and equipped
the highly successful cruisers Charleston and San Francisco,
and here also was built the monitor Monterey, now receiving
her finishing touches, and being supplied with what are believed
to be some of the most perfect of high-powered guns yet made
anywhere. In addition to this work there is now on the ways
one of the largest of the new battle ships, the Oregon, to have
a displacement of 10,000 tons, and to cost, exclusive of arma-
ment, nearly four million dollars.”

CABLE—“The United States survey steamer 7hetis arrived
at Honolulu on May 20 from Hilo, where she ended the survey
for the cable to be put in between San Francisco and the
Hawaiian Islands. The course to Hilo comprised 2,060 miles. . . .
The soundings were made at intervals of two, ten and some-
times one mile apart. The deepest was 3,228 fathoms, about
245 mites northeast of Hilo, and the shoalest was 976 fathoms,
at a point about 350 miles from Point Conception. Were it not
for this abrupt rise, the course would have been almost level.”

TEMPLE ROCK—“For more than 2,000 years, a dressed
stone containing 12,922 cubic feet—being 71 by 13 feet in size—
has rested on pillars in a quarry of Baalbac, in Syria. It was
intended for the foundations of the temple of the sun, a mile
or more distant, to which four stones nearly as large were
actually transported.”

GUM CHEWING—“It is a curious fact that in England
they do not chew gum but rather look down upon the habit as
being vulgar, and of the small quantities that have been shipped
abroad, but little has been sold. The time doubtless will come,
however, when this democratic habit will overcome the preju-
dices of our cousins across the water . . . Already Australia
has thrown up her hands, and decided that gum is a necessity,
and American manufacturers are working that market for all
it is worth.”

CAMERAS—“While it may be too early to say the old-time
plate-holder camera has had its day, it cannot be denied that
magazine cameras of various kinds are superseding the old-
fashioned camera, especially among tourists and others who
desire to accomplish a great deal photographically in a very
short time.”

AURORA—“Experiments made at the Royal Danish Academy
have demonstrated approximately the height of the aurora
borealis. M. Adam Paulsen, at Godthaab, by means of two
theodolites situated four miles apart, found that different aurora
displays varied from one to four miles in height. Experiments
near Cape Farewell showed the height of different auroras to
vary from one to ten miles. At Spitzenberg the range of height
was from one-third to eighteen miles.”
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MASTER SCIENCE — IN WAR, IN PEACE

As mosT middle-aged and older readers will recall, the
chemists were the fair-haired boys in World War I.
Today, in World War II, the fair-haired are the physicists
—exalted to the level of a kind of war nobility. As the
chemist, President Conant of Harvard, has said, it is a
physicist’s war. (In fact, the chemists are being treated
shabbily. The secretary of the American Chemical Society,
Dr. Charles L. Parsons, states that several hundred chem-
ists and chemical engineers, including some with seven
years of training and additional years of experience, have
been inducted into the Army and are now functioning as
stretcher bearers, orderlies, pharmacists’ clerks—their
costly training lost to the nation. These tragedies have
been caused by local draft boards which probably don't
fully comprehend that a chemist is a basic tool of industry.
Yet all efforts to remedy this situation have completely
failed, in spite of the fact that the entire matter has been
forcefully presented to high authority. This is a physicist’s
war but chemists still are highly vital to its conduct.)

Day and night, behind locked doors and under water-
tight oaths of secrecy, the majority of this nation’s out-
standing physicists are hard at work at what may prove
to be the key to the war effort: Canny applications of the
interactions of matter and energy—that is, of the science
of physics—directed toward the single aim of cracking
Hitler.

In the systematic search for the ablest physicist workers,

the personnel of physics has been combed over again and
again, and now the nation is to be fine-tooth-combed for
physicists of lesser degree clear down to the rank of high-
school graduates and even below that. Officers and faculty
members of high schools are being officially urged to single
out youths who have shown innate aptitude for physics
and its working tool, mathematics, and to direct their in-
terests more actively into these channels with two ends in
view : the help which these youths may later (but not much
later) lend to the war effort, and their own peacetime
futures in the one science which now seems most likely
to be the great science of the future.
- Just why is World War II so greatly a war of physics,
and in what exact ways are the physicists so close to the
core of it? This can be told only approximately at present
and, for the rest, the answer must be simply: Hush. Let
the War Policy Committee of the American Instituté of
Physics, representative of the whole body of American
physicists, state it: “The present and potential contribu-
tions of physics may well have a profound effect on the
outcome of the war because new tools have been devised
which can swing the tide of victory. These tools utilize
results of research in electronics, electric waves, acoustics,
mechanics, and optics. Physicists have devised them, and
engineers have shaped them for manufacture, and manu-
facturers are producing them.” Toép physicist of those
who are participating in these defense—or rather, offense
—research efforts is Dr. Vannevar Bush, Director of the
Office of Scientific Research and Development (OSRD).
He has commented on this question most succinctly:
“OSRD members listen and do not talk.”

As long ago as last October three fourths of the out-
standing physicists were heading OSRD research projects
for war offensive uses. Since December 7 that percentage
has run steadily upward and the need for physicists now
increases at the high rate of 1500 to 2000 per year.

In addition, there now is a special need for 100,000 or
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more individuals who, while not full physicists (eight
years of training and experience), are well enough
schooled in physics and mathematics to accept training in
technical war operations. This is why the governing body
of American physics urges a search among ordinary stu-
dent bodies—college undergraduates and high school—for
those who have innate aptitudes in these subjects. (Mathe-
matics is the most important tool of physics.) Our readers
may do a service in helping to sleuth out such youth and
perhaps influence them, not only to help now, but, if they
prove to have special abilities required in large enough
measure, to become physicists for life.

Here one may well inquire about the moral responsibili-
ties involved in influencing another’s life. Will physicists
not become worth but a dime a dozen after the War?
Admittedly, some temporary helpers will, but those of them
who prove to be born physicists never will. For the
physicist—the first-class or research physicist—has a mind
and makeup which simply cannot be made to order. To
begin with, it must be decidedly a first-class mind. Then
an analytical mind. Objective. Free from emotional bias.
Capable of dealing in abstractions. In addition to these
there is a something, often remarked by scientists—a mat-
ter largely of attitudes and outlook. The born physicist is
in part detached from reality—he lives in an ivory tower.
This explains why he is not well understood by practical
people and why he stumbles across so many impractical
findings that later turn out to be eminently practical. His
mind is altogether free. It soars, though under full control.
Sometimes the physicist’s mind seems to conventional
minds just slightly crazy—usually a matter of wrong em-
phasis! Crazy like a fox.

A youth who exhibits some aptitude for physics but not
enough to become a peacetime research physicist will not
in any event have wasted his time. As the Institute of
Physics states: “The study of physics (irrespective of any
post-war career) is immeasurably helpful in any walk of
life, because such study improves the ability to understand
the new physical environment which man is creating for
himself, and which, far more even than now, is bound to
exert a major influence upon social, political and eco-
nomic trends. Great new developments now appearing be-
hind the veil of secrecy are, beyond all possibility of doubt,
establishing the basis for unprecedented peacetime appli-
cations of physics in industry. Some of the greatest of these
are along lines not yet developed as branches of engi-
neering. They give promise of opening large and fruitful
fields for the useful and profitable employment of those well
equipped with a broad, fundamental training in physics.”
In Scientific American last May, Dr. E. U. Condon, Asso-
ciate Director of the Westinghouse Research Laboratories,
explored phases of the same general subject. First-class
research physicists can never become a dime a dozen:
They are counted only by dozens.—A.G.I.
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HORSEPOWER 1S WAR POWER

How American Industry is Powering Our Military Machine

TODAY'S machine war is horsepower
war. It is important for Americans
to remember this, because we have
available more horsepower per individ-
ual than any other nation on earth.
We are the world’s largest producers
and consumers of horsepower. We pro-
duce enough power in peacetime to
supply 15 horsepower to every man,
woman, and child from Maine to Cali-
fornia and from Canada to the Gulf.
Automotive engines alone supply more
than 65 percent of this horsepower in
peace.

With the coming of war the power
available per individual is stepped up
to even greater quantities. For every
soldier in @ modern mechanized divi-
sion there are 32 horsepower behind
him, twice as much as in time of
peace. We call this the machine age;
we really are living in the horsepower
age. .
One of the most important things
about horsepower is the fact that man
by himself possesses so little of it.
While the strongest athlete can exert
as much as two and a half horsepower
for perhaps a minute at a time, he is
good for only about one tenth horse-
power in sustained effort. The fact
that this amount of power is barely
sufficient to turn a 12-inch electric
fan will give you some idea of what
a small amount of power we can pro-
duce by our own muscular effort.
Just to make your toast in the morn-
ing requires more power than five
able-bodied men can generate by turn-
ing an electric dynamo. The Ameri-
can housewife, although she probably
never thinks of it in this way, has in
her home the equivalent of at least
60 servants in electrical appliances to
do her bidding. If we add to these
60 servants the 75 or a 100 equivalent
horses stabled in the family garage,
we see that the typical small Ameri-
can home can boast a staff that would
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CHARLES F. KETTERING

Vice President of General Motors
Corporation, in charge of Research

certainly have been the envy of any
Medieval castle.

Naturally, these tireless, obedient,
reliable servants did not spring into
being by magic. There are years of
trying and failing and trying and fail-
ing and of slow, patient accomplish-
ment behind every one of the thou-
sand little conveniences which we
today accept as a matter of course.
Our conveniences are the concrete
result of industrial research in action.

Since before recorded history man
has searched for means of augment-
ing his puny one tenth horsepower.
The lever, the inclined plane, the
screw, the pulley, and the wheel pro-
vided him with the means of exteénd-
ing the usefulness of his natural
muscle power, but they did nothing
to increase it. These five fundamental
devices, upon which all machines are
based, may be considered as exten-
sions of man’s facilities, just as the
first stone he threw was in effect an
extension of the striking power of his
arm. In the same sense, the sling
which David used with such effective-
ness against Goliath, the long bows
with which the English farmers
routed the French armored knights
at Agincourt, the crossbow, the cata-
pult, and the battering ram were
simply extensions of man’s own muscle
power.

HE first significant increase in the

amount of power which man
brought under his control came when
he learned to domesticate animals.
With the domestication of the horse,
man increased his power tenfold, and
he took the first step toward becoming
a controller rather than an expender
of power. There are few animals that
have not at one time or another lent
their muscle power to the tasks man
proposed. Even the bird—usually
thought of as the freest of all crea-
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tures—was conscripted to his pur-
poses, carrier pigeons supplying the
original airmail service. Hannibal was
among the first to use this new source
of animal power for war. The ele-
phants with which he startled the
Romans in 218 B.c. were simply the
forerunners of the present-day tanks.
Later, Ghenghis Khan — still the
champion conqueror of all time—swept
westward through Asia and Europe
with great armies mounted on Mon-
golian ponies. But even more im-
portant than his cavalry, Ghenghis
brought with him a fantastic new toy,
the Chinese firecracker.

ERE was an altogether different

source of power. There was noth-
ing muscular about it. ‘A small child
could set off, as easily as a grown man,
a charge of sufficient force to blow up
a whole fort. It was entirely unlike
anything that had existed before. Man
had discovered how to harness the
terrific energy of a chemical reac-
tion. While he had increased his
power tenfold by taming the horse,
he was now able to increase his power
a hundredfold or a thousandfold by
taming the chemical animosity of salt-
peter, sulfur, and charcoal.

There was another significant aspect
to the discovery of gunpowder. Unlike
the wind man had used to propel his
boats or the water he had used for
pumping or grinding grain, gunpowder
provided him a form of power that
was extremely compact and mobile,
that he could use whenever, where-
ever, and however he wanted it as
long as he kept it dry. This becomes
especially significant when we under-
stand that the internal combustion
engine is simply a first cousin of the
cannon. As a matter of historical
fact, the first internal combustion en-
gine was a gunpowder engine invented
by Christian Huygens, a Dutch scien-
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tist, in 1680. There is no
essential difference between
a cannon and the cylinder
of a modern gasoline en-
gine. The piston is simply
an adaptation of a shell with
a connecting rod attached to
it in such a way as to re-
strict its movement and pro-
vide a means of transmitting
its power. And the reaction
of gunpowder in the presence
of heat is no different from
the reaction of gasoline in
the presence of the spark
from a spark plug. You can
say that the automobile you
drive is run simply by six
rapid-fire cannon arranged in
such as way as to give you a
smooth flow of power at the
wheels.

The development of the
gasoline engine followed nat-
urally from the discovery of
gunpowder. The horsepower
which one man could control
and direct to do his tasks
had now grown to enormous pro-
portions. Manpower, particularly in
warfare, had become a relatively
inconsequential matter. The French
army was certainly numerically supe-
rior to the German, but the panzer
divisionen was as radical an innova-
tion in horsepower as Hannibal’s ele-
phants or Ghenghis Khan’s ponies.
German airpower was numerically
superior to-the British, but last fall’s
scheduled invasion of Britain failed
because a few Spitfires and Hurricanes
had enough well-utilized horsepower
to hold off a greater number of Mes-
serschmidts and Stukas.

The soldier of today is still a puny
one tenth horsepower machine, but
he now uses his one tenth horsepower
to direct the greater horsepower which
these new weapons have given him.
He is like the tiny grid impulse which
regulates the heavy plate current of
a vacuum tube so that the sound of a
pin drop can be amplified and magni-
fied until it booms like a clap of thun-
der.

WORLD War I was simply a great
proving ground for two power-
using weapons—the tank and the air-
plane. As with every new thing, no
one foresaw the possibility that these
two weapons would entirely change
the existing methods of warfare. Land
war had become a contest of en-
durance between large masses of
troops in trenches. All movements
were made slowly and in one plane of
activity. Because the general ac-
ceptance of a new thing is always
slow, no one realized that these two
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Tanks, trucks, planes—millions of horsepower

weapons, which augmented the
feeble power of the foot soldier with
that of the internal combustion

engine, at once made it possible for
him to move swiftly and in any direc-
tion he chose. The airplane took the
lid off every fortress and island in
the world.

Then one man who did not know
anything about engineering completely
changed our ideas of a fixed warfare
and made us accept these new weapons
for what they are. He started a pro-
gram to build 20,000 tanks and 20,000
airplanes and even wrote a book tell-
ing people exactly what he was doing.
Everyone said he was crazy. When
he finally got his 20,000 tanks with
from 100 to 400 horsepower each and
his 20,000 airplanes with 1000 horse-
power each, he was able to substitute
horsepower politics for ordinary
diplomacy. So far, horsepower has
won every battle. Now our job is
simply to produce more horsepower
than he can.

Time will show that the Axis picked
the wrong opponent when they picked
the United States to fight a horsepower
war. We have the greatest power-
producing facilities in the world.
The automobile industry, for example,
has produced over 8o million vehicles
since 1900. If we say that each of
these averages 50 horsepower, which
is a very conservative rating, we see
that we have produced four billion
horsepower for use on our highways
alone. In one average year we have
produced over 200 million horsepower.
We have about 40 million horsepower
installed in electric power plants.
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These plants light our homes, streets,
and factories; they provide power for
our industries; they distribute electri-
cal energy for our great communica-
tion systems. In a hundred ways they
furnish the power to make our Ameri-
can way of life possible. Forty mil-
lion horsepower is a lot of power,
but it is less than one fifth of the
amount of power the automobile in-
dustry turns out in an average year.
In other words, it takes us less than
three months to duplicate all the power
production of all the electric power
plants in the country.

WHEN military men ask for huge
totals of power to win the war,
they are not speaking in unknown
terms to the automobile industry.
When we needed 200 million horse-
power a year to keep our American
way of life in peace, industry pro-
duced it. We have learned, better
than any other country, the mass pro-
duction of power. Every bit of this
accumulated experience, together with
all the resources of management,
machinery, and labor, is being used
to produce more and still more horse-
power to win the war.

Let us examine the difference be-
tween a division in World War I
and a modern mechanized division
and see if we can gain some idea of
the magnitude of the job industry is
called upon to perform.

The old division used 4400 horses
and 153 motor vehicles of about 3500
total mechanized horsepower. The
modern mechanized division, with
fewer men, has 2700 vehicles ranging
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in size from the motorcycle to the
heavy tank. More than 400,000 horse-
power are available. The old division
moved at 3 or 4 miles per hour with
25 miles a long day’s advance. The
increase in power of the new division
gives it a speed of from 25 to 6o
miles per hour, and it can easily travel
250 miles in a day. The old division
required 39 tons of ammunition per
day. The new one 600 tons. No won-
der the panzer divisionen struck such

terror in the hearts of the French
soldiers.
This 400,000 horsepower

represents the effort that could
be exerted by 4,000,000 men.
And the mechanical equipment
—tanks, trucks, jeeps, peeps,
and motorcycles—are no more
tired at the end of a long day’s
advance than they were in the
morning. The mechanized di-
vision is made up of about
12,700 men and officers with
an average of 32 horsepower
available for each man. This
power is used to increase the
soldier’s speed and mobility,
carry more and heavier guns,
and allow for heavier armor to
protect him in battle. Each
man has available an average
of the combined power of 320
men. In a tank, he may have
the equivalent of 1000 men act-
ing from his orders.

Many of the vehicles neces-
sary for a mechanized army
are now being produced in
large quantities and have been
for the last year. Other and newer
types will soon be in large scale
production. For a long time the army
has worked with industry to build the
vehicles that will be necessary. As
we have repeatedly pointed out, it
takes time to get an entirely new
product into production. Even with
industry’s great skill in methods of
producing horsepower, it does take
time to get through the “tooling up”
stage. Now that industry is gearing
itself to the wartime pace, it is pro-
ducing horsepower in ever increasing
millions. It is easier to criticize others
for not doing more, than it is to do.
A critic doesn’t have to convert a
plant overnight from peacetime to war-
time production. He doesn’t have to
design and build tools and dies, make
production schedules, train workmen,
meet government specifications, and
build a product that will pass the rigid
inspection of the Army and Navy.
And all the while he is working he
does not have to be on his guard
against talking about his accomplish-
ments. The results are a military
secret and have seldom been released.
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This is entirely as it should be if we
are to prevent valuable information
from getting to our enemies.

Let us go further and show what
this war of horsepower means in the
newest form of fighting machine, the
airplane. Here the figures are just as
astronomical as they are in the mech-
anized army division.

In World War I, a basic training
plane used a 9o-horsepower engine.
This engine, the Curtiss OX-g5, be-
came the standard power for ‘“barn-

The author studies a new GM Diesel

storming” after the war. The OX-j
engine weighed 375 pounds, or more
than four pounds per horsepower. To-
day a basic trainer uses a 200-horse-
power engine weighing about 400
pounds, or two pounds per horse-
power.

THE most outstanding development
has, however, come in the high-
speed pursuit airplane engine. In
World War I, the Liberty engine
gained world fame and was to have be-
come the standard high-output engine
of the A.E.F. This engine developed
400 horsepower and weighed approxi-
mately 840 pounds, or more than two
pounds per horsepower. It was just
about the same size as the present-
day liquid-cooled Allison engine
which develops 1325 horsepower at
less than one pound per horsepower.
The development of the Allison engine
was started by industry in collabora-
tion with the army early in 1930, and
it was just about ready for production
when we needed it.
_ Far-seeing men in the United
States Army asked industry to un-
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dertake this development even though
there seemed to be no immediate use
for the engine at the time. What is
important to us now is that all the
preliminary work was completed when
the engine was needed. There is no
way to speed up such development.
Two hens can’t hatch a setting of
eggs any faster than one can. This
is a fundamental factor that many
people overlook.

The development of this new liquid-
cooled engine has meant much to
Army aviation. As a result
of this development it was pos-
sible to increase the speed of
a pursuit plane as much as 60
miles per hour on the same
number of gallons of fuel per
hour. It has taken only two
years to increase its power
from 1000 to 1325 without any
significant change in the de-
sign, and this may be increased
even further.

What does the huge air
force the President asks for
mean to us? He wants 60,000
planes in 1942 and 125,000 in
1943. Industry is being called
upon to produce in excess of
100,000,000 horsepower this
year and in excess of 200,000,
000 in 1943 to power these
planes. Let us do some more
comparing and see what these
figures mean. In 1942 we will
have to produce as much power
in aircraft engines as the com-
bined power of all the rail-
roads of the country. In 1943
we will have to double it. And this
power will be for airplanes alone.
We already have a good start. One
company alone is producing over a
million and a half horsepower a month
in a factory built where there was a
vacant corn field only a year ago.

Today a pursuit pilot has from
1000 to 2000 horsepower to pull him
through the air at speeds well in ex-
cess of 400 miles an hour. In World
War I the 4o00-horsepower engine
pulled him only about 120 miles per
hour. Several developments have
taken place to make these increases
possible. First, the aeronautical engi-
neer has learned more about the aero-
dynamics of the plane itself. Better
wing sections, streamlining, better
materials, the reliable monoplane, re-
tractable wheels, and dozens of other
improvements have increased speeds.

But there is a limit to the increases
that can be made by aerodynamics
alone. It takes horsepower to fly at
speeds of seven miles a minute. An
engineer would say that the horse-
power required goes up as the cube
of the speed. In layman’s language
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Two Diesels operate this mobile power plant

this means that to get twice the speed
we have to supply eight times the
horsepower. Now we see why horse-
power is so vital in obtaining air
supremacy. Power means speed.

Fortunately engineers and chemists
have given us the means of obtain-
ing increased power from a given
size engine by the development of
better fuels. This means any engine
that burns gasoline as a fuel, whether
it drives an automobile, truck, tank,
airplane, or motorboat. High octane
fuel makes our present high-output
engines possible whether they are
used for peacetime purposes or for
those of war.

THE story of high octane fuels has

been told many times. The work
grew out of my attempt to burn kero-
sene in a Delco Light engine long be-
fore we got into the First World War.
The improvements which we effected
in thie fuel were made available to the
automobile driver early in the 1920’s.
Since then improved fuels have been
responsible for doubling the power we
get from an automobile engine. Every
driver of a car in the past 20 years
has benefited from this development.
It was a research project carried on
by private industry and made avail-
able to motorcar owners in peacetime.

The dividends which this single de-
velopment has paid to our country
have been enormous. The automobile
owner has saved about 25 percent of
his fuel bill. This amounts to a bil-
lion dollars a year. It means also
that we have conserved our natural
resources. Better fuels have been re-
sponsible for just about doubling the
output of a given size engine. It has
been said that this has increased the
installed power of automobiles by
about one billion horsepower.

The T.V.A. is one of the foremost
of our great power developments.
This series of dams will produce about
three quarters of a million horse-
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power, or less than one thousandth
of the power gained by the use of bet-
ter automobile fuels. If all our auto-
mobiles were to develop a “miss” in
one cylinder at the same time, we
would lose ten times the installed
horsepower of all the T.V.A. dams
together.

But what is extremely important to
us at the present time is the fact that
without these better fuels such powers
and speeds as we require from our
military planes would be impossible.
It is not surprising that one man high
in government office has said that high
octane fuels may be the most import-
ant single factor in the outcome of
this war.

In World War I the Liberty engine
had to be designed to run on j50-oc-
tane fuel, the aviation gasoline avail-
able at that time. The Allison engine
utilizes 100-octane gasoline. The dif-
ference between the 400 horsepower
of the Liberty engine and the 1325
horsepower of the Allison engine
is largely due to this difference in
fuel.

Because American industry con-
ducted research during peacetime, we
are the only country in the world with
the capacity and the know-how to
produce 10o0-octane fuel in adequate

quantities for our military airplane

engines. Fuel research has already
added millions of horsepower to our
armed forces.

A number of years ago we started
a research project with the aim of
developing a high-speed, light-weight
Diesel engine. We had long hoped
that we could bring the benefits in
economy of the Diesel to the small
engine field. We did not have any par-
ticular application in mind, for we
knew that any new and better means
for developing power would find hun-
dreds of users. Others would put the
power to work.

In a few years a new type of two-
cycle Diesel was introduced at the
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Allison airplane engines being packed for shipment

Century of Progress in Chicago. That
was in 1933. The next year this type
of engine was used to power the first
of the new high-speed Diesel-powered
streamlined trains. Likewise, the Navy
had adopted it for submarines. This
development of industrial research
conducted by American industry in
the regular course of its business has
been found to be the answer to many
naval and military problems. Contin-
ued research has resulted in still
smaller and lighter high-output
Diesels. This family of engines is now
powering naval craft of many kinds,
large trucks and buses, tanks, and mo-
bile power plants, all for war pur-
poses. Here is an industrial research
development which is useful either
in peace or in war. The engine
doesn’t care what it is used to power.

ONE of the most important peace-
time uses of the Diesel was in the
new 2000- to 6000-horsepower loco-
motives. This engine has revitalized
the railroads and more Diesel loco-
motives are being built than any other
type. These efficient engines, which
have speeded up switching, passenger
schedules, and freight shipping, are
of extreme importance in time of war.
We are deriving unexpected benefits
from the speeding up of our war ma-
terial deliveries made possible by this
peacetime development. Diesel loco-
motives may even speed the deliveries
of the same type of engine to be used
by our Army or Navy for other de-
fense purposes.

We are in a war of horsepower—
of Allied horsepower against "Axis
horsepower. The victory will go to
the side which has the most and the
best horsepower producers. American
industry, which has produced the most
peacetime horsepower, is now pro-
ducing the most wartime horsepower.
Our front lines are the engineering
departments, research laboratories,
and factories. Able and experienced
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management, skilled workmen, and
engineers second to none are holding
these lines. All our efforts are geared
to produce power and more power
for the armies and navies of the
United Nations.

This is a civilization of horsepower
as well as a war of horsepower. When
the engines of war have fired their
last charge of fuel, the engines of
peace will immediately start their
job of rebuilding. We will not only
beat the sword into the plowshare;
we will convert the tremendous horse-
power of war into the useful horse-
power of peace.

TIN PLATING

Thinner, More Economical
By New Process

BOTH tin and electric power will be
conserved by a faster, more eco-
nomical electrolytic process for plat-
ing strip steel with tin, announced re-
cently by the Electroplating Division
of E. I. du Pont de Nemours &
Company. Known as the Halogen Tin
Process, this process employs a neutral
solution which is said to eliminate
sludging and the consequent waste of
tin common to many electro-tinning
methods.

Strip steel for containers can be
tin-plated twice as fast with less elec-
tric power by this process as by the
“alkaline” electro-tinning method, it
was stated, thereby reducing substan-
tially labor and power costs. A thin-
ner, more uniform coat of tin can be
applied to strip steel electrolytically
than by the conventional “hot dip”
method, resulting in savings of from
40 to 65 percent of the tin used.

A larger percentage of tin cans
henceforth will be plated by electro-
lytic processes because the War Pro-

1 Board has limited drastically
the amount of tin for containers, and
thin coatings of the metal will be
necessary. Tin deposited by the Halo-
gen process, it was said, can be heated
without discoloration either when tin-
plate is heated to obtain the bright
finish required by some can manufac-
turers or when treated during the
process of applying lacquers or en-
amels.

CONTROL

Of Production With

New “Scorehoard”

BUSY industries in every classifica-

tion, working on both war and civil-
ian orders, are making use of a new

8

system called “Produc-Trol” which
enables production and purchasing
executives to see quickly all facts
concerning raw materials, parts, as-
semblies, machine and man hours.
Information of this kind is especially
essential where multiple-shift produc-
tion is maintained.

“Produc-Trol”, which was developed
by the Wassell Organization, lists
parts, assemblies, sub-assemblies, or
individual operations at the left of
the board shown in one of our photo-

Keep tab on production

graphs. Movable tapes working from
left to right on pulleys bring all per-
tinent facts into instant focus. Double
rows of peg holes under the movable
tapes, and various colored pegs, per-
mit many arrangements of compara-
tive data and control, required for
any operation. Units can be obtained
in sizes to fit specific needs; models are
also available for individual and
group-incentive plans.

MODERN INDUSTRY—Fifteen of the na-
tion’s major industries have been developed

in the last 62 years, creating work for about
15,000,000 persons.

METAL FINISH
To Substitute
for Plating

A COLORED transparent finish for use
on polished metal, and which is un-
affected by war-time restrictions, is
being produced by Maas & Waldstein
Company as a substitute for electro-
plating and bronze-powder finishes.

This finish, which is marketed as
“Platelustre,” consists of a concen-
trated enainel, of the desired color,
added to a clear lacquer. When ap-
plied on polished metals, it makes
them resemble copper, brass, bronze,
color-treated aluminum and steel, or
other metals.

It is applied by spraying or roller
coating and can be furnished for either
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air-drying or baking. Flat stock fin-
ished with certain grades can be
formed after baking. The colors are
fast to light in indoor service, the
manufacturer states.

CONVERSION
0f Machine Tools Calls
For Fine Ingenuity

c.-\LL it automotive “know-how” or
call it conversion, the automotive in-
dustry has been faced for more than
a year with the task of ingeniously
adapting equipment for war jobs.

It was ten months or so before
Pearl Harbor when one automotive
concern, for example, agreed to pro-
duce parts for an anti-aircraft can-
non In the loader mechanism of the
gun, the automotive engineers and
master mechanics found the greatest
challenges to their ingenuity. This
unit is an assembly of parts, most of
which have to be machined in curves
that are small segments of circles that
range up to 86 inches in diameter.

Under normal conditions such cuts
could have been made easily by huge
milling machines with enormous ro-
tary tables. But the smallness of the
original order ruled out the possibility
of using such special purpose ma-
chines. So an ingenious device was
made—a fixture attached to an ordi-
nary standard-type milling machine.
It resembles a wedge of pie.

At the point of their “wedge of pie,”
the designers placed a fulcrum
equipped with hand-screws. With this
they could swing gun parts, clamped
to the “piecrust,” against the milling
cutters.

With such unorthodox fixtures, most
of the curved parts were machined
for the original orders. And, having
mastered the “know-how” on these
ingeniously adapted machines, the
master mechanics were prepared for
the change of pace induced by the
Pearl Harbor attack. The crisis
brought the first large order for guns.
They then transferred their “know-
how” to similar adaptations of huge
automotive rotary milling machines.
These were torn down and rebuilt to
make radial cuts in the large quanti-
ties required.

One of the large machines is now
cutting radial loader parts, 17 at a
time, out of huge hoops of bar steel.

Though no longer needed for the
jobs they performed so ably, the small
machines with their “fan-tail” fixtures
have not fallen idle.: Moved to an-
other department, they are now ex-
ecuting radial cuts on curved air-
plane parts.—Automotive War Pro-
duction.
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INDUSTRIAL
TRENDS

RESEARCH PAYS NOW . .. AND LATER

SUBSTITUTE the drive of life-and-death necessity for the
dollars-and-cents motive, and there appear amazing results
from the research laboratory. That is exactly what is
happening in many industries today, particularly in the
automotive industry where production is all-out for war
and not at all for the civilian consumer who has been the
‘basis on which the industry has been built. In the calm
days of peace-time activity, when the prime interests of
the industry are to make a better product than competitors
and at the same time show a reasonable profit, many of the
findings of the research laboratory are at least tempor-
arily shelved because their adoption would be too costly.
But when the wheels must turn for military purposes and
the profit motive is thrust into the background, the labora-
tory technician is in his scientific glory; no longer are costs
the bugbears that hinder his development work. His main
objectives now become the finding of new ways of doing
things better and of new materials that, substituted for
old ones, are at least as good as or better than the originals.

Before we become specific about this sort of thing, let it
be understood that what has been said is not to be taken
as an indication that war-time production is being used
as an excuse for being wasteful. Far from it. But there is
a definite job to be done and all too little time in which to
do it. Under such conditions, many of the peace-time rules
of industry are thrust aside and barriers are overcome by
means that, given other circumstances, would throw the
average cost-accountant into a quiet case of jitters.

Here’s where it all stems from: As is too well known to
bear repetition, there are real shortages in certain ma-
terials formerly considered indispensable in the automotive
industry. Before the war—how long before makes no par-
ticular difference in this discussion—there had been de-
veloped many substitute materials for these indispensables,
but they had not been put into production for economic
reasons. Military approval of a substitute, however, ordi-
narily demands that the substitute be much more than a
mere alternate. It must do its given job as well as the
material formerly used; if possible, it must do that job
better. This, indeed, is just what many of the shelved re-
sults of many research laboratories will do. So now these
shelves are being cleaned off, their contents are being
brought to light, and the labs are working night and day
to produce the wherewithal for the production lines of
victory.

Here are some cases in point, gleaned from Automotive
War Production: Alloy steels containing carbon and mo-
lybdenum are superior substitutes for steels using nickel,
chromium, and other scarce alloying metals, but these
carbon-molybdenum alloys require heat-treating processes
to bring out their superior physical properties. This heat-
treating is too costly for ordinary commercial production
in times when other alloying materials are cheap and
plentiful. But when the life-and-death motive takes charge
of the situation, all such considerations fall by the way-
side. Thus, one company making small combat vehicles has
saved 41,000 pounds of nickel on one contract by using
these steels that research had produced but which had
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formerly been almost a laboratory curiosity. In another
similar type of substitution, copper-silicon castings were
substituted for the formerly used copper-tin alloy in the
manufacture of anti-aircraft guns; net saving was 20
pounds of tin per gun.

Then there is the case of sheet steel, one of the forms
of metals that has relatively little use in wartime pro-
duction. A shell clip was formerly made by die-casting
aluminum. It was decided to change the design and to use
sheet steel. Result: An improved clip and expanded use
of sheet steel, together with employment of ‘men and ma-
chines that work this material. Also, the change-over in
this clip alone is reported to have saved, to date, $2,000,000.

Metals are by no means the only materials which are
receiving the utmost attention of researchers. Leathers,
fabrics, and felts have been developed as alternates for
the rubber and synthetic rubbers that were formerly used
in anti-squeak pads, bumpers, gaskets, and seals. Plastics
have been put into service in steering wheels, replacing
the hard rubber formerly used. Other similar plastics, in
extruded form, have found application in cooling-system
and other hoses. Battery boxes of molded natural asphalt
found in Utah are releasing still more rubber.

And so it goes. To summarize: In one combat vehicle,
original plans called for 12 pounds of rubber, exclusive of
tires. Alternate materials have cut this rubber requirement
to one half pound. Another vehicle has been redesigned to
use alternates, with the result of saving more than 16
pounds of rubber and almost five pounds of nickel per
unit. These brief figures give a graphic idea of what has
been accomplished. What this trend —and it extends
throughout all phases of vehicle design and construction
—will mean to the post-war automotive industry is quite
obvious. No one knows today what the civilian automobile
will look like when the industry starts after customers
instead of after Japs and Nazis, but we can all rest as-
sured that it will have better materials and greater effi-
ciency than ever before.

DIAMONDS OF INDUSTRY

ALTHOUGH the use of diamonds in a variety of industrial
tools is not by any means new, such tools as were used in
the United States were largely imported from Europe
until the outbreak of World War II. Now, faced with the
need for precision machine work in so many war indus-
tries, diamond cutters and merchants in this country are
turning to this outlet for their products and are building
a business that is one of the most rapidly advancing in-
dustries of the moment. It is worthy of more than passing
notice, also, that jewelers are advocating the purchase
of gem stones for personal adornment on the ground that
the by-products of cutting such stones are small diamond
chips which can be used in industrial tools. Thus, they
argue, the more gems purchased, the more chips there will
be for use in the war effort and, at the same time, the less
costly will be these same chips to those who need them.

But larger sales of gems is not our concern: What is
more important to the trends of industry is the fact that
industrial diamonds are needed and are being supplied in
ever-increasing quantity and for ever-expanding uses.
Because diamonds are the hardest substance known, they
are widely used not only in grinding tools but in dies and
gages as well. So hard is the diamond, in fact, that dies
and gages are being supplied to industry today with guar-
anteed tolerances of hundreds of thousandths of an inch;
in some cases with no tolerance at all! With such Ameri-
can-made tools available, all industries demanding high
precision -can put their best efforts forward.

—Ghe Editors
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SCIENTIFIC RESEARCH

Synthetic Elastomers

How Molecules are Manipulated to Make New

Rubber-like Materials in Unlimited Variety

SIDNEY J. FRENCH

Professor of Chemistry, Colgate University

SEVEN hundred thousand tons of
synthetic rubber by theend of 1943
—to be produced in American factor-
ies as yet unbuilt! The world has
never before had ring-side seats at
such a stupendous undertaking in the
translation of science into stark ne-
cessities.

Can it be done? Had that question
been asked before December 7, 1941,
the answer no doubt would have been
an assured and cocky, “Yes, if we
were put to it!”

Today we are put to it in no un-
mistakable manner. What is the an-
swer now? There is less cockiness,
more seriousness, as there always is
when a boast must be turned into a
result. But the answer is still, “Yes!”
Either we produce synthetic rubber or
we go down to defeat. Planes and
tanks must have rubber—an amazing
amount of it. So must soldiers, can-
nons, and battleships. In such a diver-
sity of items as raincoats, boots, tires,
pads, gas masks, surgical gloves, hose,
de-icers, gas tanks, insulation, storage
batteries, and on up to 2000 or more
items, rubber plays its essential part
in war.

Had we faced today’s crisis a dec-
ade ago, we would have been helpless;
we did not know how to make satis-
factory synthetic rubber. Today, we
do know how; not only do we know
how but we are already producing it
in modest amounts—not one kind but
more than two dozen types of this
strategic material.

East Indian natural rubber is out
for the duration—possibly forever. It
provided 97 percent of our rubber
products. Talk of developing the Mex-
ican guayule shrub or any other?
rubber-yielding plant in time to meet
our urgent needs is wasted breath. For
the long view such investigations may

1 A systematic survey of these plants—the Madagascar
rubber vines, milkweeds, ian dandeli goldenrod,
rabbit brush, and osage orange—prepared by the United
States Department of Agriculture, appeared in Scientific
American last month, pages 276-277. This survey
concurred with the above-stated opinion of the author:
reliance ‘on any of these emergency plants is wishful
thinking.—Ed.
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® In our April 1942 number Professor
French explained, by means of little sketches
or “models” similar to those used in the
present article, how the chemist makes
higher and higher octane gasolines. In the
present article he explains by means of
similar models why rubber is elastic, and
why the rubber chemist’'s modern knowledge
of the secrets of manipulating moleclues
enables him to design and make synthetic
elastomers (rubber-like substances including
rubber). The little drawings are not, of
course, offered as precise representations
of atoms and molecules, especially as the
precise nature of these entities remains in
part unknown. Science doés know that atoms
are not neat little circles or balls with little
fishhooks attached, but it also knows
enough about their arrangement to be sure
that such conventional models represent their
approximate nature. At least, as practical
representations these structural formulas serve
our purpose in explanation and in every-day
use. ‘

Professor French is the author of the re-
cently published books, “Torch and Crucible”
and “The Drama of Chemistry,” chosen
from many popular chemistries to run serially
in The Dow Diamond, the magazine of the
Dow Chemical Company—the first issue of
which appeared in January.—The Editors. ®

be worth while put not for tomorrow’s
view.

It can, of course, be argued that the
proposed gargantuan expansion in
synthetic rubber is equivalent to pour-
ing money down the neck of an in-
dustry due to choke of its own weight
after the war when it must face the
competition of natural rubber. Per-
haps so, but it is costing us only the
price of a couple of dreadnoughts,
even were we to lose all of it. We
expect to lose battleships, and we must
be prepared to lose our investment in
synthetic rubber. That we shall lose
it, however, is far from certain; such
mass production is bound to lower the
price of synthetic rubber to a point
where it may be able to meet the price
set on its natural rival even in peace
time. Furthermore, some of the syn-
thetic varieties possess properties not
found in natural rubber, and will sup-
plement rather than displace the na-
tural material.

During the

Herr Hitler

1930’s,
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boasted at least three times that his
scientists knew how to make synthetic
rubber. Of course, he was 50 years
behind the times, since the first syn-
thetic rubber had been prepared —
more or less by accident—in 1884. He
had even forgotten that the Kaiser’s
scientists had developed a synthetic
rubber—not one to boast much about,
however—during World War I. Final-
ly, he conveniently overlooked the
fact that the first successful commer-
cial synthetic rubber was developed in
the United States and appeared on the
market in 193T1.

HI1S product was neoprene, the

brain-child of a modest but bril-
liant scientist-priest, Father Julius A.
Nieuwland? of Notre Dame Univer-
sity, and the equally brilliant Wallace
Carothers and his associates from the
Du Pont Chemical Company. To-
gether they wrote the pages of a fas-
cinating story -which translated the
findings of theoretical science into the
production of thousands of tons of
neoprene. Without doubt, before the
manuscript for the present article is
finished, many of its superflous words
will have been erased—with a neo-
prene eraser. Without doubt this
eraser will have to last for several
years. Fortunately, it will; because
neoprene does not age like natural
rubber. That is one of its important
and useful qualities.

Today, 11 years after neoprene hit
the market, it is still important and
growing but it no longer holds the
stage alone; it has some 28 competi-
tors and associates to spur and com-
fort it. Not all of these 29 varieties
will prosper but many of them will
Some are so new that we know little
about them as yet. In the year 1940
alone, six new American varieties of
synthetic rubber were introduced to the
public.

With this great array of new elas-
tic materials and new names to be-
wilder us, the scientists have decided
that they must scrap the all-inclusive
term of synthetic rubber. These mate-
rials are mot rubber, but rubber-like.
To be in the van, we must now call
anything whose nature is elastic an
elastomer, whether it comes from the
rubber tree or the test tube. Hence,
we have natural and synthetic elas-
tomers.

The all-important question is, how
are these synthetic elastomers made?
But before attempting to answer this,
we had best find out how nature’s
elastomer is made. This is the path of
all science—and of most any other

2 A two-page article on neoprene, by Father Nieuw-
land, appeared in the November, 1935, number of
Scientific American.—Ed.
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endeavor, for that matter. First, we
study existing models, tear them apart,
analyze the construction; then we at-
tempt to build as the model is built;
finally, we branch out, modify and
change the model more nearly to suit
our needs.

The scientist has known since 1860
what kind of units rubber is built of.
The trouble was that he knew neither
how to make these units nor how to
fasten them together. It has taken him
three score years and ten, the life-
time of a man, to learn these tricks
which, now that we comprehend them,
seem rather simple.

Natural rubber, and most synthetic
elastomers, are substances known to
the chemist as hydrocarbons. Trans-
lated, this means that a rubber band
is composed of billions upon billions of
tiny, invisible carbon atoms, plus more
billions of hydrogen atoms. Yet, for
that matter, gasoline, kerosene, moth-
balls, benzene, and a host of other
substances are also hydrocarbons. So
the secret of rubber lies not in the
mere fact that it is a hydrocarbon.
Rather it lies in the manner in which
these carbon and hydrogen atoms are
hooked together—in the architecture,
in the pattern.

WHAT is this pattern so essential to
rubber? It is a simple one, fortu-
nately, yet it is as full of potential sur-
prises as a treasure chest. The chemist
knows full well the unique habits of
carbon atoms. They tend to string
along like cranberries in a Christmas
chain—and each carbon atom is dec-
orated with smaller hydrogen atoms,
like glass-headed pins stuck in to add
to the gaiety. There is one sacred rule
which no chemist dares disobey. In his
model, each carbon atom must, some-
how, have four attachments, and these
must be distributed between its neigh-
bors in the chain and its attending
hydrogen atoms. Thus, we can build
our cranberry-pin model of a hydro-
carbon as follows:

asaa

This fellow, called pentane, happens
to have five carbon atoms in the chain,
but the number five is not sacred; we
might have more, or less.

As long as we preserve our sacred
rule of four attachments, we can do
most anything we wish with this mole-
cule—on paper at least. For example,
we might pull a berry off one end and
place it on the side of the chain, the
berry trading places with a hydro-
gen “pin,” thus:
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Now let us behead the four bot-
tom pins, thus:

We have disobeyed the sacred rule!
We have left one attachment, or bond,
on each berry, waving in the air, tied
to nothing. This cannot be. Compro-
mise is a rule of molecules as well as
of life, so the waving bonds, finding
nothing better to do, tie up with one
another in the-following pattern:

Y

Fortunately, for the existence of
rubber, these extra bonds are quite
unhappy and superfluous. They are
the stags at a dance, ready to flit away
in search of a better partner, toler-
ating their union as a makeshift ar-
rangement only.

T a1s lop-sided molecule with its extra
stags is a very famous one. It is
isoprene,the “rubber brick,” the unit of
which all natural rubber is composed.
The chemist prefers to call it by its
generic name of methylbutadiene.
And, contrary to popular belief, such
a name is not mere gibberish; it gives
to the chemist an exact picture of the
molecule and its parts. The confusing
thing is that he writes it without hy-
phens, as though he were to write,
“the-house-by-the-side-of-the-road” as
“thehousebythesideoftheroad.” Methyl
means a carbon atom with three at-
tached hydrogens. Buta means a four-
carbon atom string. Di means two.
Ene means stags or, more technically,
double attachments. Thus, we have a
methyl group tied to a buta chain con-
taining two double attachments.
When we have molecules of methyl-
butadiene, we by no means have rub-
ber, any more than we have a Paul
Jones dance when we have an assort-
ment of people all with hands in pock-
ets. We must get these molecules to
join hands, and this, of course, is
where the stags enter the picture.
Without them, there would be no
hands to join—and no rubber. But be-
fore this joining of hands can take
place, there must be proper introduc-
tion. Finding the proper introducer is
no small task. It has been, and still is,
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one of the most difficult jobs of the
budding synthetic elastomer industry.

Once this important personage has
been found, the rest is easy; each
methylbutadiene molecule links up
with a neighbor, end to end, as is
illustrated, the necessary stags swing-
ing around to meet those from each
neighboring molecule:

When billions upon billions of these
molecules become linked in this man-
ner, we have a rubber fiber. But
notice what has happened. Not all the
stags could participate in this Paul
Jones affair. Two stags in each mole-
cule are still left disconsolate. They
pair off in the middle of each “brick.”
Perhaps we can provide suitable part-
ners for them yet.

JUST why should this linking of
molecule to molecule in such a man-
ner give a substance which can be
stretched to several dozen times its
original length and rebound once more
when released? With all the ex-
haustive work they have done on rub-
ber in a century, the chemist and the
physicist together are still unable to
give a complete answer to this ques-
tion. But they have several very good
theories. They know, for example, that
long molecules built up in this way are
not straight, but coiled like a spring.
But this is true of any long carbon
chain molecule, yet not many of these
have the stretch of rubber. We must
look elsewhere for the complete an-
swer.,

The X-ray has shed light on many a
scientific problem; it sheds surprising
light on the structure of rubber. When
X-ray photographs are taken of
crystals, the positions of the very
atoms themselves are exposed and
these positions reveal a perfect regu-
larity of pattern. In a liquid, on the
other hand, we get only a smear, in-
dicating that the molecules are glori-
ously and irregularly mixed. Under
the X-ray, relaxed rubber behaves like
a liquid, stretched rubber like a crystal.
Is relaxed rubber, then, a liquid?
Well, the scientist is inclined so to re-
gard it. The atoms are so gloriously
mixed that they do not know to which
molecule they belong. For this state
of affairs we can no doubt thank the
remaining stags. In their search for
partners, they reach out to take hold
of atoms further up the chain, out of
line, so to speak. In doing so, they
cause the long string to fold back
on itself somewhat like a folding ruler.
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We might picture it thus, showing only
the spiralled carbon chains and the
stags (in dotted lines) holding the
folds loosely together:

When the rubber fiber is pulled, the
stags give, like tiny springs, the mole-
cules are literally stretched into shape
and the X-ray reveals a crystal pat-
tern. Actually, the scientist believes
that the rubber units sort of fold into,

ahd dissolve in, one another when the

rubber is relaxed.

N THE year 1844, United States
I patent number 3633 was issued to
Charles Goodyear on the vulcanization
of rubber with sulfur. This is the
patent which brought about at one and
the same time the most famous law-
suit of the century and the great rub-
ber boom. Pitted against the oratory
of Rufus Choate, Daniel Webster won
the suit for Goodyear. But, regardless
of who won the suit, the case for rub-
ber has been thoroughly established.
Without sulfur, rubber is soft, pliable,
and has little tensile strength. When
sulfur is added, we obtain products
ranging in stretch and hardness from
the rubber band to the hard rubber in-
sulator. Why this amazing shift and
range of qualities upon mere heating
with sulfur?

Perhaps you have guessed it. The
stags once more! These remaining
stags are delighted to join hands with
sulfur atoms, each sulfur atom — S
within a circle — taking on two stags
as shown:

Thus, we have several fibers of rubber
joined together — braced, as it were,
by sulfur atoms. Each fiber lends its
strength to the other. No wonder the
tensile strength goes up. But the
stretch goes down, because the stags
are no longer available to tie fold to
fold. If we put in just enough sulfur
to use up every second stag, we can
still have some fold and stretch left,
but if we put in enough to use up all
the stags, stretch is gone and we have
brittle, hard rubber. It is little won-
der, then, that we can get almost any
combination of stretch and hardness

12

by varying the sulfur content. There
are, of course, many other substances,
such as zinc oxide and carbon black,
which play important roles as fillers
and hardeners in rubber.

Little enough hasyet been said about
synthetic elastomers but, in reality,
little need be said about them. The
principles, with a few modifications,
which apply to rubber also apply to
synthetic elastomers. Once we knew
what kind of molecules composed rub-
ber, and how they were linked to-
gether, we could go about building
synthetic materials along somewhat
similar lines.

Neoprene is composed of units of
chlorbutadiene — you have guessed
it: a molecule of neoprene differs
from natural rubber only in having a
chlorine atom (Cl within a circle) in
place of a methyl group, thus:

b-Bect

It is as though we had placed a cherry

on a cranberry chain. This chlorine
atom gives to neoprene several sur-
prising characteristics. The stags are
now so active that no introducer is
necessary to unite the molecules into
chains; they do it of their own accord.
The remaining stags then cross-tie the
strings into strong bundles of fibers.
Vulcanization is unnecessary and, in
fact, impossible in neoprene.

THE source materials for neoprene

are abundant and cheap. Acetylene
molecules join hands to form vinyl-
acetylene:

CEDe OB — DO+

(Notice how some of the hydrogen
atoms — those shown in black — have
shifted to effect this union.) Vinyl-
acetylene then reacts with hydrogen
chloride to form chlorbutadiene :

D 00+ @ DD Ot

(Notice how the stags have been re-
duced in number by these processes.)
The chlorine comes from salt. The
cost is in the manipulation, not the
materials.

The German synthetic elastomers
about which Hitler boasted so loudly
are known as Buna S and Buna N.
Both are made from butadiene, but
not from it alone. Interspersed with
the butadiene molecules in Buna S
are styrene molecules, somewhat com-
plicated, but possessing the ever neces-
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sary stags. To introduce styrene to
butadiene, the metal, sodium, is used.
The chemist’s symbol for sodium be-
ing Na, you have the origin of the
name Buna S — Bu- for buta chains,
na for the sodium introducer, S for
styrene. In Buna N, acrylonitrile (N)
takes the place of styrene.

Before succeeding in making these
alphabet bunas, Hitler’s scientists had
succeeded in making plain bunas
(butadiene molecules strung together).
These early perbunans—note the de-
rivation of the name—were almost as
bad as the Kaiser’s cumbersome elas-
tomer in World War I. But the alpha-
bet bunas are of high quality. They
can be vulcanized, have high tensile
strength and resistance to wear. The
raw materials come from petroleum
buta- chains — often previously
wasted — resulting from the manu-
facture of gasoline. With our vast
resources of petroleum, it is little
wonder that we stand ready to lead
the world in making all types of buna
elastomers. And it is for these prod-
ucts largely that our great govern-
ment-endowed expansion program is
planned. Already the American public
has met three such brands: Ameripol,
Hycar, and Chemigum. It will meet
many more in the near future.

ow that we have learned how to

make stagged molecules and to
hook them together, we are no longer
limited even to hydrocarbon chains.
Thiokol (thio means suifur) elasto-
mers have sulfur atoms right in the
chain. Here is a model unit of a thio-
kol elastomer

made from acetylene and sulfur.
There are at least three commercial
varieties of thiokol on the market.

Then, there are elastomers wiich
are neither entirely fish nor fowl
They are hybrids of elastomers and
plastics. They lack the stretch but
have the great flexibility and water
proof qualities necessary to make them
useful in hundreds of ways. Such a
product is Koroseal, made from
acetylene with chlorine as the intro-
ducer.

Finally, another group stemming
from petroleum, the butyl elastomers,
is fast coming upon the scene. As yet,
we know little about these products
but they show great promise.

Delighting in high-sounding names
— which, nonetheless convey real
meaning to him — the chemist dubs
these endless molecules, made by the
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joining of hands of numberless small
identical unit molecules, polymers. If
the small molecules are not identical,
the product becomes a copolymer:.
The process is polymerization or
copolymerization.

The great significance of polymeri-
zation is not so much that we have at
last learned how to make these syn-
thetic elastomers, important as that
may be in these grave days; it is that
we have mastered the secrets of mak-
ing these stagged molecules, of finding
the' proper introducers, of building
endless molecules to our own specifica-
tions. We have just made a start, and
at present we are still trying large-
ly to imitate the qualities of natural
rubber.

But there is no apparent limit to
the diversity of products which we
may obtain through copolymerization.
We may go on building these experi-
mental endless molecules till we find
some that far surpass natural rubber
in elasticity, some that surpass it in
wearing quality, some that .surpass it
in weathering quality, and in resistance
to tear. So we shall have, eventually,
not a single imitation of nature’s
product but thousands of new useful
products, each with its own valuable
qualities, adapted to its own particular
uses.

Nor will we stop with these diver-
sified rubber-like materials. After all,
elastomers and plastics belong to the
same great family of polymers and
copolymers. We shall go on mixing
the breeds till we have produced
elasto-plastomers and plasto-elasto-
mers almost without end and with
every conceivable gamut of qualities.

And for our starting materials all
we need are limestone, coke, water,
sulfur, chlorine, and petroleum. There
is no shortage of these in America!

BEST WAVELENGTH
For Short-Wave Communication
Can Now be Predicted

AUTOMATIC recordings of electrical
conditions in the upper atmosphere
now make it possible to predict with
accuracy the best frequency to use for
short-wave communication at any
given time. The automatic multi-fre-
quency recorder used for this work is
a development of an “echo” technique
for investigating the ionosphere, the
radio-reflecting layers of the upper
atmosphere whose heights affect short-
wave radio.
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Personalities
in
Science

T TRICHINOPOLY, in Southern India,

Chandrasekhara Venkata Raman
was born on November 7, 1888. He
received his early education at the
Hindu College, Vizagapatam, where
his father was a Professor of Mathe-
matics and Physics. Later, he studied
for four years at the Presidency Col-
lege, Madras. He graduated from this
institution at the age of 16, and two
years later took his master’s degree,
in both cases with the highest dis-
tinctions. Even as an undergraduate
at the Presidency College young
Raman displayed his genius for origi-
nal research and independently carried
out his first investigations in optics
and acoustics. His capacity for scien-
tific research greatly impressed aca-
demic circles at Calcutta and led to
his being invited by the University
of Calcutta to accept a newly endowed
chair of Physics. In April 1933,
Raman left the Calcutta University
and accepted a call from the Indian
Institute of Science at Bangalore,
where he now works.

The research papers published in
the last 20 years by Raman, and col-
laborators in his laboratory, include
over 600 titles and concern themselves
with a variety of subjects such as
the dynamics of vibrations and sound,
the theory of musical instruments,
diffraction problems, meteorological
and colloid optics, X-ray diffraction
in liquids and solids, magnetism and
magneto-crystallic action, electro- and
magneto-optics, photo-elasticity of
solids and fluids, dielectric behavior,
and ultrasonics. By far the best-
known work of Raman is his discov-
ery early in 1928 of the new radiation
effect known by his name and which
was the natural culmination of the
investigations on the scattering of
light, systematically conducted in his
laboratory since 1921. The 14 years
that have elapsed since the discovery
of the Raman effect have witnessed
the fulfillment of the confidently ex-
pressed hope of the discoverer that it
would throw new light on many prob-
lems in physics and chemistry. Sev-
eral thousand papers have now ap-
peared on this subject, but the possi-
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bilities of further advances in both
physical and chemical applications are
far from being exhausted.

Impressive though his own personal
contributions to science have been,
Raman's greatest achievement in his
leadership in the renaissance of
science that has been taking place in
India during the past quarter of a
century. The progressive enthusiasm
for scientific studies and research that
exists in India today has largely been
inspired by him and encouraged and
sustained by his efforts. His per-
sonal example of self-dedication to a
scientific career, the brilliance and
originality of his researches, the in-
ternational recognition that his work
has received, his gift for eloquence
which has served to stimulate a wide-
spread interest in science, his achieve-
ments as a scientific administrator in
creating facilities for research and
establishing new schools of science,
and his success in founding journals
for publication of scientific work in
India are among the factors which
have profoundly influenced the prog-
ress of science in that country.

The world was not slow to recog-
nize the importance of Raman’s
achievement as an investigator and a
leader of scientific research. Scarcely
had he completed six years as a Pro-
fessor of Physics when the Royal
Society of London elected him a Fel-
low in 1924. He was knighted by
the British Government in 1929. He
was the recipient of the Matteucci
Medal of the TItalian Society of
Sciences in 1928, of the Hughes Medal
of the Royal Society in 1930, and in
the same year he was awarded the
Nobel Prize for Physics.—Dr. W. F.
Meggers, National Bureau of Stan-
dards, in the Journal of the Optical
Society of America.
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A Pier in Time —

Psychology Joins With Engineering Skill to

Produce a “"Hospital”’ Pier in Record Time of 43 Days

A. D. RATHBONE, IV

DRIV;NG creosoted piling into the
chill waters off the rim of

Staten Island, in New York harbor,
during late February and early March,
is no job for a sissy. But there
weren’t any sissies in the 120-man
pier-building crew of the George
W. Rogers Construction Company.
Mostly husky, raw-boned, taciturn
Scandinavians and Finns—men to
whom the words Oslo, Stockholm,
Kobenhavn, Helsinki meant members
of families still in Nazi-occupied, in-
fluenced, or threatened countries—
this gang of burly workmen spoke
little, drove hard, and completed a
7oo-foot utility pier for the United
States Navy in the record time of 43
days as part of their contribution to
beat .the Axis Powers.

Prosaically known as Pier 10, this
engineering job forms the final factor
of a three-part unit comprising a ship-
launching way flanked by fitting-out
piers, Numbers 10 and 11, in the
Bethlehem = Steel Company’s yards,
and is unique not only for the neces-
sary precision maintained during the
speedy building of the unit, but also
for the somewhat novel method of
construction. The shipway, designed
by Lockwood Green Engineers, Inc.,
has an unusually heavy concrete deck
carried directly on the heads of the
piles, which extend six inches up into
the slab.

As it was considered undesirable -

to break the creosoted skin of the
piles by nailing stay-laths to them, a
hanger system was devised by using
Richmond tie hangers carried on sec-
tions of light rails, which in turn
rested on the heads of the pilings.
On this suspended framework the
criss-crossed reinforcing steel rods
were laid and hand wired at approxi-
mately a million separate crossing
points. The forms were then con-
structed and, with the above method
of suspension, proved to be satisfac-
torily stiff and solid. “High-early”
strength, pre-mixed concrete was
poured, at some points under pneu-
matic pressure, and such was the
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speed on the job that, with the quick-
setting cement, trucks could be and
were driven over the deck 24 hours
after pouring. The deck on this ship-
way varied from 12 to 25 inches in
thickness, being gener-
ally 12 inches at the
sides and 24 inches
under the keel blocks.
The piles for Pier
11, which was con-
structed first, 72,500
linear feet of them—
about 13.5 miles—were
driven by floating pile
drivers equipped with
75-foot leads and Vul-
can Number 1 steam
hammers. It was neces-
sary to force the pilings
through some 12 feet
of mud, then to pene-
trate 12 to 14 feet of
hard material — clay,
sand, and gravel—be-
fore reaching the under-
lying strata of rock.
The nicety and accura-
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cy of the job can be realized when it
is known that the piles were shaved to
a specified level and the general sur-
face line-up graded by surveyors.

In the middle section of the launch-
ing way, after the piles had been
driven and batter piles placed both
ways longitudinally, riprap was placed
in an area 60 feet square to resist the
thrust during launching. The outer
end of the way was built of creosoted
wood for a distance of 84 feet. This
wooden apron extends from about
half-tide to a point two feet below
low water, and here the construction
work was accomplished largely by
employment of a crew of divers.

More than a million wired joints, each twisted with spe-
cial anti-Axis gusto, went into preparation of framework

A crew of Scandinavians and Finns, moved to extra efforts by thoughts of home-
folk in occupied countries, rushed construction of

“700 Feet Toward Victory”
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Although the shipway and one of
its flanking piers were completed suf-
ficiently ahead of schedule to permit
laying the keel of a ship nearly four
weeks earlier than planned, all that
happened last year, before Pearl Har-
bor. Then the Bethlehem Steel Com-
pany and the Navy informed George
W. Rogers, President of the firm that
bears his name, that his original esti-
mate of 9o days for completion of
Pier 10, the final unit in this group,
would have to be cut to 45 days. In-
asmuch as this was a lump-sum con-
tract and not on a cost-plus basis, the
speed-up proposal, however much it
might mean in our shipbuilding pro-
gram, was something for any con-
tractor to conjure with.

HOWEVER, Rogers, whose grandfather

began building piers for the gov-
ernment in 1869, and whose father
continued the family construction
tradition during World War I, has
been doing things with men, and steel,
and concrete since he, himself, finished
his trick in the Navy in 1919, and he
said he believed it could be done.

There were, inevitably, some tem-
porary shortages of material, although
everything possible was done to pre-
vent hold-ups, even to trucking special
loads of piles from as far away as
Wilmington, Delaware. “At one
time,” reminisced Mr. Rogers, “we
were pouring cement at the inshore
end—which was then virtually com-
pleted—while we were still driving
piles at the outer end—a crazy method
to run a pier job, but there just
wasn’t any other way.”

Despite a scarcity of skilled dock
builders, the 7o0o-foot-long Pier 10,
composed of 42,700 linear feet of creo-
soted piling, 200,000 board feet of
creosoted timber, and 22,700 square

Night and day, many tons of "high;early" strength pre-
mixed concrete flowed into forms in a steady stream
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Such was the speed-up on the Pier 10 job that at one time cement was being
poured at shore end of the pier while piles were being driven at outer end

feet of concrete, was completed in the
unprecedented time of six weeks and
one day. The work was done on a two-
shift, seven-days-a-week basis, and
although flood-lights shone over the
cold, black waters to help the night
shift, all driving of piles was done in
the daylight for the sake of safety.
Before the concrete of the deck was
poured, huge H-beams were placed
horizontally at their specified points,
with no deviations allowed. The rails
on which the 100-foot-high cranes
move back and forth astraddle of the
ship, lifting and placing armor plate,
turrets, or heavy guns, were laid
over the H-beams. At the dedication
ceremonies both cranes
were on their rails.
Oneof the cranes has
a capacity of 15 tons
and the other can han-
dle 20 tons. A unit of
two outfitting piers,
such as numbers 10 and
11, and the shipway
they flank, has aptly
been referred to as
“hospital piers,” for
here all manner of
shipbuilding operations
may take place. They
may be used to graft
machine guns, cannon,
additional armor plate
protection to a mer-
chant vessel in the
course of its conversion
to some type of war-
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ship. Newly launched hulls may re-
ceive what it takes to make a fighting
ship strong and powerful. “When a
ship’s battered,” says Rogers, “it needs
a hospital. When you have guns,
tanks, planes, you need ships to take
them places. No piers—no ships.”

To commemorate the completion of
this Navy utility pier in the record
time of 43 days, 25 days less than the
previous record, a bronze plaque was
sunk into the newly poured last yard
of concrete deck, and the entire job
has been looked upon as something of
a barometer of wartime co-operation
and effort:

REALIZING today’s urgency for this
type of construction in our ship-
yards. and knowing his Scandinavians
and Finns for what they were, Rogers
combined psychology with engineering
knowledge. He mingled freely with
them at all hours of the day and night,
asked them what they heard from their
folks in Norway, Sweden, Denmark,
Finland. It worked! Tight-lipped, they
replied little, but seemed to delight
in venting pent-up emotions on the
huge timbers and steel beams, on the
tangled reinforcing rods and ever-
flowing concrete. They hung up a
sign designating Pier 10 as ‘“7oo
Feet Toward Victory,” and with this
brand of co-operation and the simul-
taneous co-ordination of suppliers of
materials, Rogers’ promise to the Navy
and to Bethlehem Steel Company was
fulfilled.
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RW Tauri

A Remarkable Eclipsing Variable Star with a

Gaseous Ring Whirling About One Component

HENRY NORRIS RUSSELL, Ph.D.

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

tory at Princeton University.

Research Associate of the Mount

Wilson Observatory of the Carnegie Institution of Washington

A\I UNUSUALLY interesting piece of
news (now published in a tech-
nical journal, and hence available for
these columns) comes from Dr. Joy at
Mount Wilson. For years this veteran
observer has been following eclipsing
variables with the spectrograph, and
measuring their radial velocities. This

is scientifically remunerative, for if the

orbital motions of both stars of a pair
can be recorded, the real dimensions
of their ‘orbits, and the actual sizes,
masses, and densities of the two stars
can be calculated. But it is also very
laborious, for the bright stars of this
interesting type have long ago been
worked up, and the faint ones demand
long exposures.

In some of the most interesting
systems, the star of larger diameter is
fainter than the other, and the eclipse
is total. By observing while the small
bright star is completely hidden, we
may then study the spectrum and
motion of the larger without dis-
turbance by the light of its much
brighter companion — which, when
both are visible, drowns the other out
completely. .

To work up such a problem de-
mands great patience, for the total
eclipses last at most a few hours,
while the intervals between them are
measured in days. For a large per-
centage of the eclipses, the star will
be below the horizon, or too near it
to be observable. More than half of
the rest will come in the daytime, or
twilight. On the average, fully three
quarters of the eclipses will be un-
observable for these reasons.

In a great observatory, where the
time of the telescope must be divided
among many astronomers, a consider-
able part of the possible chances will
come on nights when the instrument is
equipped for some quite different type
of work, or when the moon is “wrong.”
This cryptic remark means that some
types of observation—such as direct
photography of faint nebulae—can be
done only on clear, dark nights. Moon-
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light, which drowns nebulae out al-
together, does not bother the spectro-
scopist, since little or no moonlight
gets through the narrow slit of his
spectroscope, upon which he keeps
the star-image centered. The dark of
the moon is therefore sacred to the
nebular program, and certain others,
while spectra are photographed when
the moon is bright. Two spectroscopic
observers may, and frequently do, ex-
change nights when one of them has
something of exceptional interest, but
a general indiscriminate exchange of
working hours is impracticable.

When the long-awaited eclipse
comes at last on an available night, it
may be cloudy — even in the best of
climates — or, though the stars are
visible, the irregular refraction in our
atmosphere, known as ‘“bad seeing,”
may enlarge the image of a star so
much that only a small fraction of its
light gets through the slit of the spec-
troscope.

orR an ordinary star, this neces-

sitates a much longer exposure —
which diminishes the total amount of
the night’s work, but not the value of
each plate. But, when the eclipse is
short, and the star faint while it lasts,
the lengthened exposure may run over
the time allotted by nature. The ob-

_server, realizing that he can get only

a blend of total and partial eclipse,
which he does not want, will regret-
fully turn to some other star on his
list, and hope for better luck next time.

RW Tauri—the star here discussed
—is peculiarly laborious to observe.
Normally of magnitude 8.1, it drops to
magnitude I11.5 at intervals of 29 18k
45™. The fainter component obscures
the brighter one completely for only
an hour and 20 minutes—less than one
fiftieth of the period—so that the
chance of finding it faint -at a random
glance is very small, and the observer
who wishes to study it at minimum,
though provided with accurate pre-
dictions of its occurrence, must waste
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no time. During the total eclipse, the
photographic brightness is nearly half
a magnitude fainter than the visual,
showing that the companion is red-
dish. At this time, when the glare of
the bright star was cut off, Joy dis-
covered a visual companion of mag-
nitude 12.5, at an apparent distance of
1”7 from the variable. Small as this
seems, it must be several thousand
times the distance which separates the
eclipsing pair, and it will be many
years before it can be determined
whether this companion is really re-
lated to the variable, or merely in line
with it, but much nearer or farther
away.

ALLOWING for the light of the third

star, it is found that the larger
component of the close pair emits but
1/36 as much light as the star which
it eclipses. Only one or two cases of
greater disparity in brightness are
known. To get a spectrum of a 12th
magnitude star showing good detail
in so shorta time demands very power-
ful equipment. QOnly the 100-inch re-
flector is really equal to the task; but
with this Dr. Joy has secured several
spectra during totality on different
nights, some with exposures as short
as 45 minutes.

These plates show a spectrum of
Class KO, (similar to that of Arctu-
rus) with well defined lines, while
those taken outside eclipse show an
equally well defined spectrum of Class
Bo (corresponding to a star a little
hotter than Vega) belonging to the
brighter star, which drowns out its
fainter companion completely. The
great difference in temperature be-
tween the two- stars accounts for the
difference in brightness.

Many other totally eclipsing pairs
are known, in which the difference in
brightness, though large, is less than
for RW Tauri. The distinctive pecu-
liarity of the system is that, at the
time of total eclipse, remarkable
bright lines appear in the spectrum.
These were observed hy Wyse at the
Lick Observatory in 1933, but not
followed up until Joy’s recent work.

A spectrogram taken in 1940, with
an exposure: of 65 minutes, covering
almost the whole duration of the
minimum, showed that the hydrogen
lines, HB, Hy, and H3, were bright
and widely double. The two com-
ponents of each line were shifted
equally far to the red and to the violet
of the normal positions, by amounts
corresponding to velocities of 350 kilo-
meters per second in each direction.
Fainter emission lines of ionized mag-
nesium, calcium, and iron were also
observed on this and later plates.

This enormously wide doubling of
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the emission lines cried aloud for ex-
planation; and this was forthcoming
when observations during the total
eclipse were made during 194I.

These show that if the exposure was
commenced as soon as the eclipse be-
came total, and stopped at or near its
middle, only one of the two emission
components was visible for each line,
namely, the one on the side toward
the red. For an exposure beginning at
mid-eclipse, and continued till close
to its end, only the bright lines on the
violet side of the normal position ap-
peared; and, upon a plate taken dur-
ing the middle of the eclipse, there
were no bright lines at all. The first
plate, with its longer exposure, was
evidently a composite photograph,
combining effects observed at different
times into something that could not
have been seen at any one time.

HESE apparent complications may

be interpreted as illustrated in
Figure 1 (which is drawn approxi-
mately to scale). Let B represent the
brighter star, and F the fainter com-
panion. The Earth is supposed to be
in the plane of the page, at a great
distance below. F may be drawn as
revolving around B in a circular orbit
O. (In fact, both B and F describe
orbits about their common center of
gravity, keeping on opposite sides of
it; but to put this into the diagram
would complicate it needlessly.) As F
moves along this orbit, it will hide
more and more of B, till, finally, when
its center reaches the point F, the
eclipse will become total, and con-
tinue so till its center is at Fa.

Now suppose that B is surrounded
by a gaseous ring of very low density
(containing hydrogen and small quan-
tities of metals, and emitting bright
lines) which is rotating rapidly about
it in the same direction as the orbital
motion of F. After the total eclipse
of the luminous body B has begun,
the part of the ring at R, will still be
visible. It is receding from the Earth,
and the bright lines which it emits
will be shifted toward the red. To-
ward the end of totality Ri1 will be
hidden by F, while the opposite side
of the ring at Rz will be visible, and
give bright lines shifted toward the
violet. Since both bright components
disappear for about 30 minutes at
mid-eclipse, the outer diameter of R
must be considerably smaller than that
of F.

This explanation is as simple geo-
metrically as it is convincing. The
question remains how this gaseous en-
velope can exist permanently in such
rapid motion. It is not carried around
by the rotation of the star below it,
for the lines in the spectrum of this
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star are fairly sharp, and show that its
own rotation, though doubtless in the
same direction, must be much slower.

It seems probable that the gases of
the ring are in orbital motion about
star B—held up by the centrifugal
force of their own motion, just as a
solid satellite would be, and high
enough above the star’s surface to
avoid friction with its atmosphere.
Rough calculations show that an

—L

TO
EARTH

vy

Figure 1: See the text

orbital velocity of 350 kilometers per
second should be expected in this
region if the mass of the bright star
was about 1% times the Sun’s, and
that of the fainter ones about one
third as great. These are plausible
enough values—though rather smaller
than one might expect.

When enough observations of this

.remarkable star have been secured,

the masses of the components may be
found, and the equilibrium of the ring
studied more fully.

How such a mass of gas “got that
way” is a problem which is best left
alone till we know more about the de-
tails than we do now.

Whether other stars have similar
rings revolving about them is un-
known. The possibility of such a thing
was suggested by Struve, some years
ago, from consideration of certain
stars with peculiar emission lines,
bright enough to be observable though
the star itself is unobscured. The pres-
ent ring, however, is so faint that it
would hardly be observable if the
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eclipsing companion were not unusu-
ally faint, and it may be hard to de-
tect other cases.

It is remarkable that two stars of
such different brightness should be so
close to one another. A large number
of similar cases—though less extreme
—are found in the lists of eclipsing
variables. Indeed, such pairs have been
called “typical Algol systems.”

It is practically certain, however,
that such systems are not typical of
the short-period double stars in gen-
eral—such as are detected in great
numbers as spectroscopic . binaries.
There is no more striking example of
the power of observational selection—
forced upon us, independent of our
intentions, by the very nature of the
case.

THE great majority of variable stars

have been discovered by comparing
photographs of the same region taken
at different times. In such a search,
large variations in brightness are
practically sure to be picked up, while
smaller ones may be missed. Under
what circumstances can a large vari-
ation—reducing the normal brightness
to one sixth or less—be produced by
an eclipse? At the middle of eclipse
we see the light of the star which is
in front of the other, and often an
uneclipsed part of the light of the
other. Hence, to meet the condition
just imposed, the eclipsing star can-
not have more than one sixth of the
total light of the pair, or one fifth that
of its companion. Deep eclipses can
come only from pairs of unequal
brightness. Even among these they
cannot happen if the fainter star is
much smaller in size than the other;
for then, if it is squarely in front
of its neighbor, it will cut off only a
moderate fraction of its light. When
the fainter component is the larger,
it may completely obscure the light
of its companion, and there is no geo-
metrical limit to the depth of the
eclipse. The fact that no eclipses of a
depth as great as five magnitudes have
yet been observed indicates that cases
in which the larger star has as little
as 1 percent of the brightness of the
smaller ones must indeed be exceed-
ingly rare.

The large, faint components of these
pairs are ‘“‘sub-giants”—brighter than
normal main-sequence stars of the
same temperature, but fainter than or-
dinary red giants. Their masses, when
known, are smaller than those of or-
dinary stars of the same luminosity.
Their constitution presents an interest-
ing theoretical problem which has not
yet been solved:

— Princeton University Obscrvatory,
April 29, 1942.
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A Maya Temple Grows Up

Archeologists in Guatemala Reveal the

Evidences of a Five-Times-Reconstructed Temple

LINTON SATTERTHWAITE, JR.

Assistant Curator, American Section,

The University Museum,

MODERN archeology is the business
of digging into ruins and rub-
bish piles of forgotten peoples. Any
archeologist will tell you he is trying
to reconstruct the history of the people
concerned. Some will claim that they
are helping to discover laws govern-
ing the rise and decline of human so-
cieties. I believe this may be so, but
that scientific curiosity is the immedi-
ate force which drives diggers to plan
and sweat, and institutions and public-
minded citizens to foot the very con-
siderable bills. You, yourself, are
reading this article because you are
curious to know about the illustrations
that accompany it.

These illustrations — the drawings
on the opposite page — are reconstruc-
tions on paper of a single Maya temple
and the various alterations to which it
was submitted. It was part of a re-
ligious center or “city,” now called
Piedras Negras, in the semi-tropical
forested part of Guatemala, Central
America. Its ruins cover a square mile
and have been extensively excavated
by the University Museum of the Uni-
versity of Pennsylvania. I had charge
of several seasons of work on the city,
work which was begun by Dr. J. Alden
Mason, Curator. Investigating this
particular structure was part of my
task, and I was assisted by William S.
Godfrey, Jr., who made the drawings.

There are five isometric perspective
drawings, showing how the temple
was changed from time to time. The
photographs will give an impression of
the size. The upper left-hand drawing
of the five shows it at the start. Later,
the Maya had cut down the walls of
the building to doorway height, as
shown. The same thing was done by
Godfrey on paper in the case of the
fourth drawing, so that the reader can
see into the room. The separate draw-
ing shows the same building, after
some changes, but with the roof in
place.

As drawing succeeds drawing, the
date of the new construction shown is

18

Philadelphia

later and later, yet each drawing is
of essentially the same thing. There
was a temple building at the top; this
cannot be shown in the second and
third drawings because little or noth-
ing was left of it. The building rests
on a low platform, and this stands on
another with a stairway, except at the
time of the second drawing. Below
this is a platform of either two or
four terraces, with its own stairway,
and this is on a terrace with yet an-
other stairway. These platforms form
an example of what have been called
“Maya pyramids.” They are made of
solid rubble — that is, shapeless, brok-
en rocks — which was laid up in
rectangular sections. The rough plat-
form thus built was then given a skin
of plastered stone masonry. The stones
in the outer walls forming this skin
were laid in mortar. This is limestone
country, and limestone was burned to

Photos and drawings by William S. Gudfrey, Jr.

Dissecting the Guatemalan temple. Two men stand on the stairways shown in the
first two drawings on the opposite page. A stucco Sun-God mask glares at the right
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get lime for the mortar and plaster,
and, toward the end, for ornamental
stucco-work. In the photographs, the
plaster has peeled off.

The purpose of these bulky plat-
forms was to elevate the temple build-
ing and the little round stone altars in
it and before it. The structure pro-
vided an awe-inspiring setting for
elaborate religious processions, sacri-
fices, and ceremonies.

The time-span of the five varieties
of the temple is probably four or five
hundred years. During this time the
building has become smaller and more
complex in design. Only in the last two
periods do we find it with a fire-proof
masonry roof and sculptured decora-
tion in stone and stucco.

The building has been rising higher
and higher and, therefore, more remote
from the common people who watched
the proceedings from the great court
below. The rituals must have become
more exclusive. In the old days of
the first drawing, a good many priests
could crowd into the temple and on
the broad platform, and the people
could probably pretty well see what
was going on.

BESIDES this hint of changing rela-

tions between priesthood and
ordinary folk, these drawings tell a
story of practical considerations. The
priests commanded, or the people will-
ingly gave, an enormous amount of
labor for religious building. But they
did not reach their top achievements
overnight. New generations, imbued
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with a “bigger and better” spirit, ‘tore
down here and there. This was, per-
haps, to get building stone for new
works more easily. But they did not
waste the labor of their ancestors by
removing whole platforms. They built
new ones over and around them, some-
times, as here, making use of parts of
the oldest walls to the end. So they
gained grander and grander effects
with the least labor. The great high
“pyramids” of the Middle Americans
evolved.

THIS is important to know. Many
books state that the Indians were
taught to carve and build by wanderers
from Egypt, Asia, or from continents
now submerged in the oceans; the un-
derlying idea being that the Indian
civilizations did not evolve, and that
their most advanced achievements were
accomplished at the start. This would
be expected if they had learned all
their arts from the outside. As dig-
ging progresses, however, such se-
quences as these at Piedras Negras
show, on the contrary, more and more
clearly that the Indian taught himself
how to cut stone and wood with stone
tools, how to burn lime, and how to
build progressively more imposing set-
tings for the worship of his gods.
Middle Americans were obsessed
with an end-of-the-world idea. The
coming end apparently depended on
the heavenly bodies. So Maya priests
were astrologers, and studied the
movements of the sun, moon, planets,
and stars. They carved extracts from
their calendrical calculations on stone
monuments, or stelae. Two of these
are shown in position in the final two
drawings, and in the photograph on
the opposite page one is shown propped
up on its side at the left. Probably
this was to help future generations of
priests to improve their astronomical
formulas by checking against past ob-
servations and predictions. One of the
recorded dates in a full inscription

in a cavity behind the shoring of poles
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Four stages of the odd 500-year ev¢lution of the Maya temple, as it was modi-
fied by succeeding architects who were not content to leave well enough alone

was approximately that of the time it
was carved and the monument set up.

With the hieroglyphs, scenes are
often carved, apparently showing
priests conducting rituals to avoid the
evils indicated by the current calcu-

The fifth stage of modification

lations. Those at Piedras Negras are
among the finest, and mark a peak in
Indian sculpture. That is one reason
why this seemed to be a good place to
dig. The carvings to be rescued, and
new ones to be discovered, were of the
finest; Dr. Mason saved many. In ad-

- dition, here was the longest series of

legibly dated monuments. This prom-
ised a maximum chance to use the
Maya calendar in working out the
development of their architecture.
We will give an example of how
these carved dates can be used. Some
day we shall know what the date on
the central monument in the fourth
and fifth figures is, in terms of our
own calendar. About 675 A.p. is more
than a guess, but this may be wrong.
We can call it “Date X” for the pres-
ent. The masonry roof on the building
of the fourth drawing rests on an in-
verted, V-shaped, false arch, or “Maya
vault” The fact that it first appears
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with the monument makes us fairly
sure this vault was built about the time
of the monument; that is, at Date X.
It is one of the simplest and most
easily built vaults at Piedras Negras,
and therefore probably one of the
earliest. Far to the east, at another
site, the Carnegie Institution of Wash-
ington also has been dissecting Maya
buildings. There they found a build-
ing with a vault which was erected
earlier than an associated monu-
ment. The monument date is much
earlier than Date X, which places that
vault much earlier than ours. We
have made a start toward proving that
the vault was invented by another
Maya group to- the east. In time its
use spread to Piedras Negras. Thus
can an item for an outline history of
Maya architecture be obtained.

A modern bomber synthesizes ideas
from many sources: Explosives were
invented in ancient Asia, rubber came
from the American Indians, the fun-

.damentals of radio from Europe, and

the practical means of flight from
white Americans. So, on a smaller
scale, but in an entirely similar man-
ner, one ancient Middle American
group borrowed what it thought it
could use from another, whether the
borrowing involved a plant, like corn
or tobacco, a deity, or a method of
building construction.

The fact that, after feeding and
housing themselves, these ancient In-
dians devoted most of their labor and
genius to their gods is all to their
credit, for they thought this was nec-
essary in order to preserve their way
of life for their children. Their reli-
gion, like our war, was “all-out” for
the good of the tribe.
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Food For Fighters

New Dehydration Process Uses Steam Baths and Heat

Treatments to Reduce Vegetable Weight and Bulk

ANDREW R. BOONE

SINCE it is still true, during these
days of high-speed tanks, jeeps,
and sundry other wallop-packing ve-
hicles, that an army travels on its
stomach, Uncle Sam intends that
American soldiers and sailors shall
enjoy body-building and health-giving
vitamin-laden vegetables along with
their meat and dessert, at all distant
outposts. Particularly will carrots,
onions, cabbage, and potatoes be pres-
ent on daily Army and Navy menus.

All ‘vegetables contain
large amounts of water, and
water is heavy and bulky.
Thus, when a food ship pulls
into some distant outpost,
bearing fresh or canned
vegetables, nine tenths of
the load is water, which is
costly both in ship space and
time to transport, and ut-
terly without value as a
food.

To avoid this wasteful
practice, the army plans to
feed military men in Alaska,
Eritrea . . . on a score of
fighting fronts . . . millions
of pounds of dehydrated
vegetables during coming
months. When a company
cook, fretting about the din-
ner menu, starts to prepare
the evening meal, he will open two or
three five-gallon tin cans, scoop out

a few pounds of peas hard as baked’

clay and sweet corn more wrinkled
than a sun-dried prune, and a half-
dozen compressed cabbage disks. He’ll
toss the peas, corn, and cabbage into
kettles of cold water. Thirty minutes
later, he’ll start these vegetables sim-
mering. Another half-hour, and the
vegetables will be ready—sweet, at-
tractive, and nearly as fresh to the
taste as the day they were harvested
back home.

Researchers in a laboratory main-
tained by the United States Depart-
ment of Agriculture. at Los Angeles
are seeing to it now that these foods
will reach the fighting fronts bearing
virtually all the food values of fresh
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vegetables. There Dr. E. A. Beavens,
and others, working under direction of
Dr. E. M. Chace, chairman of the
department’s dehydration committee,
have discovered means not only of
preserving the vegetables for long
periods in all kinds of climate, but also
of retaining virtually all the vitamins
A and B, and more than half the vita-
min C. Keeping vitamin C, number one
scurvy preventer, which dissolves in
water and just seems to evaporate from
both leafy and solid vegetables between
the field and home, is an achievement
of the first magnitude.

Dehydrator for selecting vegetables for processing

In this “house of dehydration,” Dr.
Chace and his associates have solved
a problem of many years’ standing.
Key to their taste-color-texture-vita-
min preserving method is a combina-
tion steam bath and dehydration proc-
ess, the latter being accomplished in
a small plant containing features so
new they haven’t been patented yet.
Here garden-fresh cabbage and car-
rots become brittle shells of their
former selves in two hours. Two large
heads of cabbage, enough to feed 20
hungry men, are compressed, after
dehydration, into a disk small enough
to fit in the hand. Yet, in those few
ounces, there is enough cabbage to
feed those same ravenous appetites.

Suppose we follow the trail of a
batch of carrots through the new
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process. We'll start with six crates,
each weighing 33 pounds. They were
pulled an hour ago, and now they’re
being topped, trimmed, washed, and
scraped. Clean and crisp, just as you
would serve them for dinner, they are
cut into disks about a quarter-inch
thick. After being spread evenly on
wire trays, they are placed in a square
receptacle resembling a laundry tub,
and covered. For six minutes steam
rises from jets below, scalding each
bit thoroughly. This process is called
blanching, and it performs the im-
portant task of inactivating the en-
zymes, organic catalysts which cause
chemical transformations in plants,
thereby halting processes which ordi-
narily would destroy the color, flavor,
and vitamins.

From the steam bath, the carrots are
carried to the nearby dehydrator. This
device, built undersize for experi-
mental purposes, resembles a medium-
size, all-metal automobile trailer stand-
ing on rigid legs. It is not intended to
dry large quantities of vegetables, but.
as Dr. Beavens explained,
makes possible the selection
of the varieties which will
yield the best dried products.
Within, after the doors are
closed, air flows along baf-
fles of a newly developed
pattern, passing in parallel
lanes over the material
Flowing at high velocity,
from goo to 1100 linear feet
a minute, with the tempera-
ture carefully regulated in
the 150 to 180 degree range,
the dehydrator will turn out
the dried food in periods
ranging from ‘an hour, for
spinach and other greens, to
four hours for corn.

But back to the carrots.
The contents of six crates
require several runs. So we
wait, and at last we have a small pile
of crinkly disks. We weigh them.
Seventeen pounds. They fill two five-
gallon cans. Were they intended for
army use somewhere across the world,
the shipper would drop a small chunk
of dry ice into each can before filling
it. He would seal the lid tightly with
shellac. The dry ice, turning to gas-
eous carbon dioxide, would halt any
oxidization, preserving the contents
of the can for a year or longer. And
the two cans would occupy about one-
ninth the space now required for six
cases of fresh or frozen carrots on
that heavily laden transport.

Our fighting men are due for more
surprises, now hatching in this lab-
oratory. While the war department is
mainly interested in carrots, onions,
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cabbage, and white potatoes, Dr.
Beavens is hard at work on sweet
potatoes, string beans, lima beans,
peas, chard, mustard and other greens.
He faces three “musts” before the
army will accept his results. The vege-
tables must keep well in all climates
for at least a year, they must rehy-
drate within an hour, and 92 percent
of the moisture from potatoes and
from 95 to 97 percent moisture must
be removed from all other vegetables.

Speaking of spuds, Dr. Beavens has
already achieved a dish that will de-
light fighting men yearning for steak
and French fries. He's going to give
them shoestring potatoes. They’ll look
like dried string when they tumble
from the can, but a brief soaking and
quick frying will restore their firm-
ness. Even “canned willie” will taste
like T-bone when accompanied by
this delectable morsel.

Seven firms produced 7,000,000
pounds of dehydrated vegetables last
year. Then the British began asking
for dehydrated tomatoes, and inquir-
ing about dehydrated carrots. Arizona
carrots got a big boost recently when
Margaret C. Smith, University of
Arizona chemist, reported the copper
state’s product contains from three to
ten times more carotene, source of vi-
tamin A, than other carrots.

“Carrots,” reported an R.AF. of-
ficer, “ought to give our fliers cats’
eyes by preventing night blindness.”
Walt Disney drew up three sketches
showing carrots winging their way

L e

renheit, precedes dehydration

through the sky. Copies, wired from
Hollywood to London, are posted in
all R.AF. barracks, urging pilots and
bombardiers to eat carrots in all avail-
able forms. As a result of inquiries,
from fighting forces both at home and
abroad, production is zooming. It
is estimated 25,000,000 dehydrated
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Steaming (blanching) at 212 degrees, Fah-
of carrots

Cabbage before and after dehydration. Two heads (four pounds) shrink to a six-
ounce disk. Disk is compressed from shredded leaves (at right) after dehydration

pounds of all vegetables will be pro-
duced during 1942—enough to provide
300 servings for 1,000,000 soldiers.

Civilians will get to know these
foods better, too, as time goes on and
transportation facilities take on heav-
ier defense loads. Although most popu-
lar now in the nation’s markets is a
little package containing a scoop of
chicken fat, some noodles, and pieces
of dehydrated vegetables, which be-
comes a quart of noodle soup after
the addition of water and a few min-
utes’ boiling, you can also get sev-
eral other soup-making mixtures
and such individual items as potato
shreds, onion flakes, carrot cuts,
pea and bean powders, tomato
pieces and flakes, and spinach
and celery flakes. In each case,
all you need do is add water,
heat, and - eat. They’ll increase
in weight from eight to 40 times
their dry weight as they take up
water. But all the food essen-
tials are there, just as in canned
and fresh vegetables.

Don’t let the word “dehydra-
tion” fool you into thinking
you'll get tough, stringy, hard-
shelled beans and carrots and
peas and corn, when these vege-
tables are prepared by the mod-
ern method. True, dehydration
means that nine tenths or more
of the water is removed. Proc-
esses developed in the last few
months do that, and more. After
you rehydrate the vegetables in
your kitchen and simmer them a
half-hour, they’re practically as good
as garden-fresh vegetables.

The other afternoon I carried home
from the Los Angeles laboratory four
samples: A scant handful each of de-
hydrated corn, small lima beans, and
mixed peas and carrots. They had
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been dehydrated in the new apparatus
nearly two months earlier. The beans
were almost hard as rocks; the corn,
shrunken to a fourth its natural size,
brittle and sugary; the peas and car-
rots only apparent shells of their
former selves.

That evening, the samples were
soaked a half-hour in cold water, then
simmered a half-hour. When fully
done, we had enough to feed eight
people. All four vegetables had re-
turned to their normal shapes and
sizes, the peas had their accustomed
green sheen and the corn looked as
if it had just been cut from the cob.
Except for a stray kernel and an oc-
casional pea, all were sweet and juicy.
Had I not seen them before cooking,
I would not have known them from
fresh.

WE stay-at-homes know little of the
dietary deficiencies which soldiers
suffer when they go without fresh fruit
and vegetables for a long time. One
of the dread diseases faced by fighting
men on some distant desert or arctic
base, should their supply lines be cut,
is scurvy. As early as the Civil War,
semi-dehydrated vegetables were fed
Union troops, but they were unpleas-
ant to the taste, and possessed no anti-
scorbutic properties. Again, during
World War I, both the Germans and
Americans used dried vegetables.
Many doughboys fighting in France
will remember dumping his ration on
the ground to avoid eating them, but
these vegetables were entirely differ-
ent from those which are now being
made available.

Once tasteless and lacking in nu-
trition, dehydrated vegetables now
provide both food and medicines. In
a wide-scale California experiment,
nutritionists and chemists for Ana-
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bolic Food Products, Inc., are feeding
20,000 acres of parsley, turnip greens,
and beets special diets to increase their
tissue-building values, and possibly to
add a little extra zip in the form of
vitamin C. The diets are prescribed
after analyses of the soil and water
indicate what plant foods are deficient.

Formerly potash, phosphorous, and
nitrogen were thought to be the essen-
tial food elements for growing plants.
Now, in addition to the Big Three, the
dehydrators are turning their attention
to the so-called trace elements such
as boron, manganese, sulfur, calcium,

. I
—L
Removing carrots from dehydrator

iron, and phosphorous. Dr. J. W.
Wigelsworth is cultivating super-
vegetables, and already has turned out
strains of leafy plants containing three
times the average amount of iron.

When these dehydrated vegetables
reach far-flung American military and
naval fronts, soldiers and sailors alike
may be sure they're getting more iron
in their parsley, added bone-building
calcium in their turnip greens, extra
manganese in their beet greens, and
abundant copper in the green sprigs
of parsley.

Army chiefs know soldiers will com-
plain, no matter how tasty the chow.
But they’re making sure the steamed
and dried carrots and peas, and all
their kin, will return to their original
form, size, and appearance; cook tend-
er; and give off nearly all the odor
and flavor of the fresh article. They
may be bone dry at 11 o’clock. But
when the chow bell rings at high noon,
they will be “garden fresh.”

In fact, recent tests at the Univer-
sity of California showed dehydrated
peas, string beans, carrots, and spin-
ach to be actually superior in color,
after cooking, to the canned product.

When it comes to shipping, as has
been pointed out, great savings will be
effected. One pound of dehydrated
pumpkin contains 12 times more fuel
value than a pound of fresh pumpkin.
Not only does a ton of fresh cabbage
yield 215 pounds of the dehydrated
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product, but the fuel value of the
dried leaves actually equals 2279
pounds of cabbage freshly boiled in
the kitchen. One cargo ship will do the
work of 16 when it comes to hauling
tomatoes, because this vitamin-rich
vegetable loses 93 percent of its
weight when dehydrated.

Those are some of the reasons why
Uncle Sam is so interested in food
during this war, and they explain how
he is planning to carry more bullets
and bombs to distant places without
cutting into food rations on the firing
line.

HALLUCINATION
You Can Be Trained
To “Hear Things”

PERFECTLY normal persons can be
taught to “hear things” where there
is no sound. Details of how such hal-
lucinations can be produced by the
simple form. of learning known to
psychologists as “conditioning” have
been reported by Prof. Douglas G.
Ellson, of the University of Missis-
sippi.

Nearly half of a group of subjects
taking part in Prof. Ellson’s experi-
ment under the most favorable condi-
tions, learned to hear a tone when it
was not being sounded. They had
been prepared to “hear” it by a learn-
ing period during which the tone was
sounded regularly- every 30 seconds
for 30 repetitions.

When the actual sounding of the
tone was introduced and ended gradu-
ally, the subjects tended to have the
hallucination of a tone after it had
ceased to sound. If the start and ter-
mination were abrupt, however, only
a few (8.5 percent) developed the
hallucination.—Science Service.

POISON IVY
Infection Prevented by
Protective Ointment

AN IMPROVED protective ointment
against poison ivy has been developed
and proved effective by the United
States Public Health Service. The
new ointment, made with either of
two bases, will remain effective for
several weeks if kept in a closed con-
tainer.

The ointment should be thickly ap-
plied to exposed parts before contact
with poison ivy. Clothes must be re-
moved after exposure before the oint-
ment is washed off, otherwise the un-
protected skin may be exposed to
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clothes which have been contaminated.
Tools. and instruments or clothing
which have been used in cutting poison
ivy must be decontaminated before
being used again. Decontamination
can be effected by washing clothes or
immersing tools for 15 to 20 minutes
in a 1 percent solution of calcium
hypochlorite.

The two formulas were developed
by Drs. Louis Schwartz, John E.
Dunn, and F. H. Goldman of the Pub-
lic Health Service:

Formula 1
Castor oil .................. 21.5%
Olive oil ..........covi.... 21.5%
Lanolin, anhydrous ......... 21.5%
Diglycol stearate ............ 12.9%
Paraffin, refined ............. 8.6%
Boric acid ......... ... ... 2.0%
Sodium perborate ........... 10.0%
Duponol WA pure .......... 2.0%

Formula 2
Cetyl alcohol ............... 35.1%
Stearyl alcohol ............. 5.3%
Ceresin ..............oueen 3.5%
Castor oil ...............ot. 20.8%
Mineral oil ................. 21.9%
Duponol WA pure .......... 1.7%
Sodium perborate ........... 10.0%
Boric acid ............. ... 1.7%

IN THE BRAIN
Sex Perverts Found Not
Lacking in Hormone

DRAMATIC transformation of seven
“somewhat effeminate,” jealous, jit-
tery young men into he-men with
beards, an interest in girls, and
enough ambition to advance in their
professions or to get off relief rolls
into regular jobs was recently re-
ported by Dr. Jacob Kasanin, director
of psychiatry at Mount Zion Hospital,
San Francisco, and Major Gerson R.
Biskind, Letterman General Hospital,
San Francisco.

These young men had undeveloped
male sex glands, but had not “become
sexually depraved in the sense of be-
coming interested in homosexuality,”
the physicians reported. Treatment
with the male sex hormone, testoster-
one, by implanting “banks” of the
hormone in their muscles to supply
the deficient amount from their glands,
brought about the personality changes
reported.

A group of patients examined on
account of homosexuality, on the other
hand, did not show any evidence of
lack of sex hormone secretion. “This
points to the fact,” the physicians con-
clude, “that homosexuality and sexual
perversions are probably psychological
in origin.”—Science Service.
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When Lightning Strikes

Applied Research Has Reduced Greatly the Damage Done

by Natural Lightning, Yet Much Study is Still Ahead

Dr. GILBERT D. McCANN

Westinghouse Electric and Manufacturing Company,
East Pittsburgh, Pennsylvania

EACH year about 16 million thun-
derstorms occur on the earth,
causing an average of about 350
lightning strokes to the earth each
second, or a total of about two billion
strokes a year, which are a potential
source of destruction. If these strokes
were equally distributed, about eight
strokes a year would strike each
square mile of the earth’s surface.
In the United States alone
lightning strokes cause about
400 of the annual 92,000 ac-
cidental deaths, about the
same number as street-car or
airplane accidents. They pro-
duce some $12,000,000 worth
of damage to farm buildings,
55 percent of all oil-tank
fires, and untold damage to
forests through fires. Light-
ning constitutes a serious
hazard to aircraft, munitions
dumps, and explosive manu-
facturing processes. It is a
hazard and a source of inter-
ference to both telephone and
radio communication. Electric
power systems, however, con-
stitute- by far the greatest
potential targets for lightning
destruction. The extensive
character of transmission
lines and distribution systems
contributes to their being
struck frequently by light-
ning, and maintenance of
continuous service and pre-
vention of damage to equip-
ment places stringent require-
ments on lightning-protection
devices of various types.
There are today in the United States
about 83,000 miles of high-voltage
transmission lines transmitting large
blocks of power from our 42 million
kilowatts of generating machines to
many load centers. Lightning is by far
the most serious cause of trouble on
these lines. Aside from the serious
damage it can cause to electrical
equipment, the loss of service it can
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lightning rods.
times,

produce not only results in consider-
able inconvenience to power consumers
but also may produce damage and re-
sult in the loss of many hours of
operation for certain types of manu-
facturing processes for which even a
momentary loss of power is serious.
Maintenance of continuous service is
particularly important in these times
of national emergency.

Studies of the number of times
transmission lines are struck by light-
ning reveal that in the eastern part
of the United States a mile of line is
struck, on the average, about once a

A model house protected from artificial lightning by

neither house nor nearby trees were

year. Thus, a 100-mile line would be
struck 100 times. Storm density, of
course, varies throughout the country,
but it is estimated that the 83,000 miles
of transmission lines are struck at
least 60,000 times a year.

Twenty-five years ago knowledge of
lightning and the protection of power
systems was so limited that every time
a line was struck at least a service
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Although the rods were struck many

interruption occurred. Today, through
knowledge gained by lightning re-
search, a 100-mile line can be pro-
tected so that it does not have an
outage more than once every four or
five years, instead of 100 times a year.

In addition to high-voltage: trans-
mission lines, many thousands of miles
of distribution circuits feeding indi-
vidual consumers in both rural and
urban ‘areas must be protected from
direct strokes and from induced volt-
ages produced by a lightning stroke in
the vicinity of the line. The electric
fields associated with a stroke may pro-
duce dangerous voltages on such
circuits.

Through co-operation of the public
utilities and electrical manufacturers,
and through the use of special record-
ing instruments, such as the Klydono-
graph, cathode-ray oscillograph, surge-
crest ammeter, Boys camera, and the
Fulchronograph, valuable information
has been obtained regarding the mech-
anism of the stroke discharge and the
voltages and currents associated with
lightning. Also of great importance
have been the data obtained
by the United States Weather
Bureau on the variance of
storm density throughout
the country.

This knowledge has led to
the use of ground wires and
vertical grounded masts lo-
cated over and around trans-
mission lines and substations
to intercept lightning strokes
and conduct their high cur-
rents harmlessly to earth,
thus preventing lightning
from directly striking live
conductors carrying power.
Their principle is similar to
that of lightning rods on
buildings. Contrary to a com-
mon belief, lightning rods,
properly applied, provide ef-
fective protection. This mis-
conception has largely been
due to the fact that a great
many applications in the past
have been faulty and ineffec-
tive. This type of protection
has also been found applicable
to oil tanks, munitions dumps,
or any object that can be
damaged by a direct light-
ning stroke.

Voltage-limiting protective devices
such as lightning arresters have
been so perfected that they effec-
tively limit voltages produced by light-
ning on power systems to magnitudes
which will not damage equipment.
They are also used effectively for pro-
tection of radio transmitters and tele-
phone equipment. The Bell Telephone
Company has so developed lightning

hit
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protection of its systems that loss of
service rarely occurs and it is quite
safe to use the telephone during thun-
der storms.

It has been found possible to dupli-
cate many of the important properties
of lightning in the laboratory and thus
study the performance of protective
devices. The voltages and currents
associated with lightning are of ex-
tremely high magnitude—millions of

When the air, a low-value conduc-
tor of electricity, can no longer with-

stand the electrical stress of the
field of a thunder cloud, lightning
strikes and the electrical balance be-
tween earth and air is restored

volts and hundreds of thousands of
amperes — but they are {requently
only a few hundred-millionths of a
second in duration. However, it has
been found possible to duplicate and
measure them. It is possible also to
reproduce the essential characteristics
of the stroke discharge from cloud to
ground in model laboratory sparks
and thus study with model transmis-
sion lines, substations, and the like,
the performance of shielding ground
wires and vertical masts.

MISCELLANY

It is important to meas-
ure and study the electric
and magnetic fields pro-
duced by lightning strokes.
These are the source of
“static” interference in ra-
dio reception, a type of in-
terference  which  also
bothers telephone circuits.
These fields are so intense
and of such high frequency
that they can induce dan-
gerous voltages not only
on power and telephone
circuits but also in certain
manufacturing  processes
using explosive materials.
A spark caused by a flash-
over from such an induced
voltage is a potential source
of explosion or fire. This is
a problem which has become
more important with the
expansion of our war in-
dustries. The most effec-
tive way to eliminate this
hazard is to shield the build-
ing or area in which the
explosive process is taking place with
a conducting shield or “Faraday cage”
which completely surrounds “it. This
prevents the penetration of the electri-
cal field produced by a lightning stroke.

Lightning is a hazard to all types
of aircraft. Captive balloons attached
to conductive cables are likely to be
struck during a thunderstorm, and
airplanes are sometimes struck by be-
ing in the path of a stroke to ground
while flying below a thundercloud or
by precipitating a cloud-to-cloud dis-
charge while flying in the thundercloud

Building a miniature transmission line for studying lightning effects
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Artificial lightning strikes the models

itself. Aircraft can become electrically
charged while passing through a
thundercloud, and when they land they
may be discharged by a spark which
can be hazardous. This is particularly
true of seaplanes making forced land-
ings, as they often lighten their load
by dumping gasoline.

IFor the solution of such problems
a knowledge is required of the funda-
mental processes involved in the for-
mation of charge in the thundercloud.
The energy of this charge formation
is supplied by highly turbulent upward
air currents, which are essential to the
formation of the cloud itself. This
turbulent condition in the cloud is also
important as a hazard to aircraft. It
also is essential to the formation of
precipitation. Thus, the electrical prop-
erties of a thunderstorm are closely as-
sociated with all of its other properties
and for this reason of much concern
to meteorologists.

THE thunderstorm plays an impor-
tant and fundamental role in the
natural state of the earth. Although it
is not commonly realized, the earth,
besides being a magnetic body, is
also electrically charged. We are all
familiar with the fact that there are
magnetic fields produced by magnetic
materials concentrated mainly at the
North and South Poles. However,
there is also at all times a negative
electric charge distributed over the
surface of the earth and a positive
charge in the outer regions of the
earth’s atmosphere. These two sets of
charges produce an electric field in the
air directed vertically toward the earth.
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During fair weather this field is about
30 volts per foot at the earth’s surface.
Measurements of the charge density
on the earth indicate that the total
charge on it is at all times about
500,000 coulombs. Owing to a certain
degree of conductivity of the air in the
form of free ions, the air has a low
conductivity and the presence of the
electric field produces a leakage cur-
rent from the earth, tending to dis-

This

motor-driven

carrying
many small steel strips on its peri-

wheel,

phery, measures lightning. When
lightning strikes, a small coil mag-
netizes each strip as it passes a given
point. By later measuring the mag-
netism of each strip, a fairly complete
picture of the lightning stroke can
be drawn for further careful study

charge the earth’s negative charge. If
it were not for some restoring agent
the earth would be completely dis-
charged in five or six minutes by this
leakage current. Lightning plays the
fundamental role of returning this
charge back to the earth and maintain-
ing it in its normal charged condition.
Thus, there exists a continuous cyclic
process of discharging and recharging
the earth. The key to this process is
the ionization of the earth’s atmosphere
which makes possible its conductance
and the leakage current. This ioniza-
tion also plays a role in the formation
of the charge in the thunder cloud and
the breakdown of the air which pro-
duces the spark discharge of the stroke
to earth. This ionization is produced
by three sources:

1. Alpha, beta, and gamma rays (or
X-rays) emanating from radioactive
minerals in the earth’s crust. 2. Radio-
active gases in the atmosphere, which
are products of decomposition of ra-
dioactive minerals in the earth. 3. Cos-
mic rays emanating from the outer
universe.

Lightning is not altogether destruc-
tive. It is also a beneficial agent to
plant life, for it produces in the air
large quantities of nitrous acid which
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are carried into the soil by rain. It is
estimated that the 16 million storms
that occur annually produce about 100
million tons of this fertilizing agent.
This gigantic amount exceeds by far
the total output of the nitrogen-pro-
ducing industry.

As a result of the concentrated. ef-
forts of the various research organiza-
tions that have been studying lightning
and the electrification of thunder-
storms, great strides have been made
in the past 25 years and many of light-
ning’s properties have been well es-
tablished. Also, many of the problems
of protecting against its destructive
effects have been overcome. However,
there are still important properties of
lightning about which more knowledge
is needed, and although considerable
progress has been made, many ques-
tions still remain for further investi-
gation.

BLACKOUTOLOGY
Why Red Light is
Better than Blue

EYES have two-way vision—one set
of sense organs (the cones) for
daylight seeing and the other (the
rods) for darkness. Both operate at
the same time only when the light is
about as bright as full moonlight. Dif-
ferences between the eye as a night-
vision instrument and the daylight
eye, important for night warfare and
blackouts, recently were described by
Prof. Selig Hecht, of the Laboratory
of Biophysics, Columbia University.

Night eyes are thousands of times
more sensitive than are day eyes. The
night pilot who has been flying in the
dark for an hour or more could see
the light of a candle 12 miles away
even if it were exposed only for a
thousandth of a second. If it burned
continuously, he could see it over 200
miles away, were it not for interfer-
ence of fog and haze at night, or for
smoke and the curvature of the earth.
For this reason it is dangerous in a
blackout to use a flashlight, or light
a match or even a cigarette in an open
space. The flame of a match can be
seen by a pilot many miles away.

On the other hand, night eyes can-
not see as sharply as day eyes. When
it is necessary to recognize small
forms and slight differences in shade
and shape, you must have good light-
ing and use your daylight eyes. You
need your day eyes to read an instru-
ment or your watch.

But the brightness of different
colors is not the same when you see
them at night as when you see them
in the daytime. This is particularly
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important when you want to use col-
ored lights to see best during a black-
out without giving aid to the enemy.
Blue and green are easiest to see. Red
and orange, which seem so conspicu-
ous in the day, are hardest to see at
night.

Nothing could be more dangerous
than the use of blue lights during
blackouts, Prof. Hecht declared. “For
reasons which are none too clear at
present, the notion has gained preva-
lence that blue lights should be used
to illuminate objects, and that these
would furnish less light to distant
aviators because blue is supposed to
be a dim light. Indeed, the Germans
and the English, and at the beginning
we ourselves, used blue lights during
blackouts.”

When we need a light during a
blackout—to watch a dial, read a com-
pass or a road sign—we must use our
day vision for this purpose. The
enemy aviator, however, needs only
his night vision in order to spot that
light.

Your night eyes and your day eyes
happen to be equally sensitive to red
light. If you see the light at all, you
can also see it with your color-sensi-
tive day eyes and you have the day
vision’s advantages of ability to rec-
ognize shapes.

But, for blue light, your night vision
is 1000 times more sensitive than is
your day vision. In other words, if
yvou have enough blue light so that
you can see a road sign, the light
will be 1000 times as bright to the
night-seeing pilot as would be a red
light of equal effectiveness.—Science
Service.

WOOD FARMING—Mississippi farmers now

are planting millions of pine seedlings pro-
vided by the Masonite Corporation, manu-
facturers of hardboard and insulation board
products. The new industrial demand for
pine wood has given cash-crop value to land
previously considered worthless in the South.

[ ] [ ] [ ]
TEST FOR pH
Made Quickly With
Simple Equipment

CONTROL tests for pH (degree of
acidity or alkalinity of solutions) can
now be made rapidly by unskilled
workmen with simple equipment. Also,
quick preliminary tests can be made in
laboratories where more elaborate pH
apparatus is available.

The simple technique of pH testing
using the Cargille Buffer Set depends
upon the use of 17 buffer tablets which,
when dissolved as directed, provide
17 solutions of known pH value.
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These solutions, applied to a strip of
test paper, bring out a specific color
on the paper for the pH value of the
solution used. Thus, when making
tests, a drop of the solution to be
checked is placed on the test paper and
the resulting color is compared with
the chart furnished with the paper.
A solution of known pH value, close
to the pH value indicated by the first
test, is then placed on the test paper

Checking color
produced

on test strip
by sample and
by solution

of known pH
gives quick
determination
of pH of

the sample

beside the sample. By proceeding in
this manner until differences in color
are scarcely perceptible, the pH value
of a sample can be quickly judged to
about 0.5 pH unit.

It is claimed that color comparisons
made in this manner are more accu-
rate than those which are made with a
color chart alone.

JAP NYLON

May Enter World Markets—
After the War

JAPANESE industrial chemists are
already preparing for an industrial
struggle to follow cessation of the
shooting war. This is the conclusion
that may be drawn from three articles
published in Japanese, in the Journal
of the Chemical Society of Japan, dur-
ing 1940 and 1941. The author, K.
Hosino, research man for the Oriental
Rayon Company, Ltd., tells how he
analyzed nylon, the synthetic plastic
fiber that has made the United States
independent of silk. After he had de-
termined how the molecules were put
together, he duplicated them and then
made modifications which he claims
are improvements over the American
product.

This procedure, reminiscent of pre-
war tales of how Japanese mechanics
would build a duplicate of any ma-
chine that Occidental manufacturers
would sell to their employers, might
give Japanese textile factories the
means to compete to great advantage
with nylon mills in this country and
Europe. Japan has persistently refused
to enter into any patent treaty with
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any foreign country, so that the du
Ponts, originators of nylon and own-
ers of basic patents-thereon, will have
no protection against Japanese attacks
on their business, especially in the ex-
port market.

Nylon, the Japanese chemist states
as a result of his analysis, is a “poly-
amide of hexamethylenediamine com-
bined with adipic acid.”

If Japan goes into the nylon busi-
ness, the silk industry, already hard
hit first by rayon and then by the ces-
sation of American silk purchases
even before the outbreak of war, may
never come to full revival It is re-
ported that hundreds of thousands of
mulberry trees have already been
felled in Japan, to make room for more
food-crop production. Quite possibly
these groves may never be replanted.
Silk may again become what it was
in the Middle Ages and early modern
times—a luxury for the rich.

PROTECTION — Tiny robot sentries — new

secret devices built into miles of high
wire fences enclosing some of the nation’s
great war production plants—are said to
be saboteur-proof by du Pont engineers who
developed the system. The acoustic fence
“overhears” birds chirping, the snip of a wire-
cutter, the scrape of a shovel, even whispers,
relaying these sounds to a central control
room from whence a squad car rushes to
the precise point of disturbance.

SALT ROADS
Wear Better,
Resist Frost

THE practice of using rock salt in
the subsurface of roads, which origi-
nated in Nova Scotia as a means
of protecting roads against extreme
winter conditions, is spreading in this
country with remarkable results re-
ported. First employed to keep frost
from heaving the road surface, salt has
been found to do more than serve as
an anti-freeze. Through a simple ac-
tion it also stabilizes the soil used in
the subgrade so that the road bed is
firmer, giving longer life to the wear-
ing surface.

One of the most interesting ex-
amples of subsurface treatment with
salt is found in Cayuga County, New
York. The first salt road in Cayuga
County was built in 1936, and in suc-
ceeding years additional salt roads
have been laid down. According to
Gail Ball, County Superintendent of
Highways, none of these roads show
any sign of frost damage.

“Employing a system that we have
used successfully ever since,” he said,
“we first used the salt not in the sub-
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surface but in the original surface.
We were convinced that salt worked
into the surface would give us a long-
er-wearing road and we put down
about eight tons of rock salt to the
mile, raking and rolling it in. After
two years, in which the salt-surfaced
road held up excellently, we gave it a
light sprinkling of salt, and then put
on a macadam surface. Although
other untreated roads nearby have
suffered severely from frost since that
time, this road has shown no frost
damage whatever. We feel that we
are getting extra value from the salt
in this matter of frost-heave preven-
tion, since that was not our primary
purpose in using it.”

EMPLOYEE DESIGNED

‘Work Simplification Program

Aids Production Drive

AN assembly fixture, designed in
his spare time by Albert Wender, an
employee, and manufactured out of
scrap materials, has raised the output
of siphon tubes for Army tank fire ex-
tinguishers from 100 to 400 parts per
eight-hour shift at the New Jersey
plants of Walter Kidde & Company.
John Space, another employee, has
worked out another scrap steel device
that increased the output of valves for
gas-type airplane fire extinguishers by
25 percent. Gains of 71 and 100 per-
cent in other typical assembly opera-
tions have resulted from this showing
of employee inventiveness.

These are the tangible results of the
Work Simplification Program that is
playing a major part in the war pro-
duction drive. This program, which
was inaugurated two months ago, is it-
self the invention of a Kidde em-
ployee—B. P. Corcoran, who until
recently was a worker on the assembly
line. Night school courses acquainted
Mr. Corcoran with the principles of
motion study, and his years of ex-

John Space and his scrap-made unit
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perience as a worker gave him the
idea of applying these principles to
the men themselves.

The basis of work simplification is
the fact that the man on the job often
knows more about improving that par-
ticular job than a highly trained engi-
neer. The basic problem is how to
bring out these ideas and the two
major difficulties are expression and
shop psychology.

Under the Work Simplification
Plan, the workmen work out their
own ideas and present them as ac-
complished facts. The starting point
is the foreman or group leader. Regu-
lar classes are held for these men in
which they are acquainted with the
principles of motion study, expressed
in simple shop language rather than
engineering terms. In these classes
they are given assistance in working
out their own ideas, and prepared to
help the men under them.

In addition, a machine shop, com-
pletely equipped with hand and power
tools, has been provided for the em-
ployees so they can develop their own
devices. Employees can use this shop
either on their own or on company
time, and a skilled machinist is al-
ways present to aid the worker with
an idea.

CORRECTION
In “From The Ground
Up” Article

SEVERAL of our readers have called
our attention to discrepancies which
appeared in the article “From the
Ground Up,” by Douglas M. Consi-
dine, which appeared in our June 1942
issue. In the last paragraph of the
second column on page 279 of the
article, continued to the top of the
third column, production of TNT
should be read in pounds instead of
tons. The same correction should be ap-
plied to the discussion of picric acid
and smokeless powder, in the same

paragraph. It appears that this error

crept into the final typescript during
transcription from the original.

MILK PROTECTION
Ultra-Violet Rays
Kill Bacteria

A NEw U-shaped Sterilamp, using
beneficial ultra-violet rays, may be the
future means of keeping milk fresh
for many hours longer, in addition to
providing completely sterile bottles.
Designed primarily for use in dairies,
this new development of the Westing-
house Sterilamp may easily be adapted
in other bottling operations such. as
soft drink manufacture, canning fac-
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tories, and pharmaceutical concerns.

Highly efficient methods of wash-
ing milk bottles now employed by
modern dairies may be improved upon
by use of the Sterilamp, it is reported.
At the present time, bottles returned
to the dairy are put through a process
of warm and hot water solutions.
After that, the bottle is washed with
germ-killing chemicals. At this par-
ticular point, the bottle is sterile, but
it must be rinsed. Most city water
used for that purpose has been proved

N
L e

U-shaped Sterilamp in laboratory

to have considerable bacteria, and
although harmless in most cases, they
cause milk, if left standing, to turn
sour.

The ultra-violet rays of the Steri-
lamp will correct this. After the
bottle has been washed, it will pass
along the conveyor belt to a battery
of Sterilamps, one of which will be
inserted in each bottle for a period
of ten seconds, the time required to kill
all bacteria. Then the milk will be
poured into it immediately and a
sealed cap will insure its purity.

ELECTRONIC GADGETEERING
May Replace “Hams’”

Interest in Communication

FROM now on we shall see a rapid
development of electronic gadget-
eering—the non-radio application of
radio technique—according to Charley
Golenpaul, of the Aerovox Corpora-
tion.

“I believe the era of electronic gad-
geteering is now opening up in a big
way,” states Mr. Golenpaul. “In the
first place, the ban on amateur radio
communications is not going to leave
the enterprising ‘ham’ twirling his
thumbs. Of course many ‘hams’ are
already or will soon be in our armed
and technical services. Many will find
wartime jobs with other United Na-
tions. But those remaining on the
home front are going to put their
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experience, equipment, and ambition
to work on new and startling applica-
tions in the home, shop, factory, and
elsewhere, far removed from custom-
ary radio practice.

“T suppose most radio men have
heretofore been too busy with radio
proper to find extra time and energy
for non-radio or electronic gadget-
eering possibilities. However, many
of them now are going to use their
‘rigs’ and parts for new functions. I
can visualize some interesting devel-
opments — light-beam telephones for
conversing over considerable dis-
tances; automatic photo-electric gar-
age-door openers; photo - electric
switches turning lights on and off with
darkness or daylight; checking the
stoking of furnaces or boilers by the
chimney smoke; various comparators
or instruments for comparing and
matching colors and shades; checking
solution concentrations and chemical
studies by conductivity means; and
so on.

“As a starter, electronic gadgeteer-
ing can be based on well-known ele-
mentary principles and basic circuits
long known to radio and electrical
workers. Many industrial plants are
already electronic-gadget conscious. I
know of radio servicemen who've got-
ten themselves good jobs in plants he-
cause of their ability to do things
better, quicker, and less expensively
by electronic means.

“Make no mistake about it, the
temporary suspension of ‘ham’ com-
munications may well turn out to be
a boost. It will generate a lively in-
terest in electronic gadgeteering. And
when ‘ham’ communications are re-
sumed again with the return of peace,
I venture to predict that electronic
gadgeteering will comprise a greater
field for radio parts, particularly the
quality or extra-heavy-duty compo-
nents, than all amateur radio activities
put together. Furthermore, many a
‘ham’ will find an interesting way of
making real money out of his hobby,
and that’s something.”

CELLULAR RUBBER
Is Light in Weight, Used
in Life Rafts

NEW lifesaving devices, made of the
newly-discovered  cellular  rubber,
which has twice the buoyancy of cork,
include a raft composed of a spider-
like network of disks of the new ma-
terial strung together with ropes, and
self-lighting electric lamps which will
float in the water beside victims of a
sinking ship to guide rescuers at night.

Because of the extreme lightness of
the cellular rubber, which is composed
of millions of small cells filled with
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nitrogen gas, the raft will support up
to 30 persons, according to the United
States Rubber Company. An advan-
tage of its construction is the ease
with which it may be grasped in the
water. It is of particular significance
in torpedo sinking because it can be
thrown overboard when there is not
time to launch a regular lifeboat or
raft.

The new form of hard cellular rub-
ber is also being used as insulation
under decks of mosquito type torpedo
boats, and the soft material in life
jackets for the United States Engin-
eers. Also, a fire resistant, hard cellu-
lar rubber is being used as supports of
self-sealing gas tanks in airplanes.

SABOTAGE PREVENTION
Aided by Electron
Tube Equipment

THE use of electron tube equipment
for detection of intruders has be-
come a major factor in protecting
property from sabotage, according to
a recent issue of Electronics. One
company alone, it is stated, has in-
stalled 4100 photo-electric alarms, of
which 1300 are operating outdoors.
Capacity systems protecting safes and
acoustic systems guarding vaults elec-
tronically are too numerous to esti-
mate.

Electronic intrusion-detectors may
operate “local” signals, ringing bells,
blowing horns or whistles and turning
on floodlights. They may also actuate
“proprietary” system signals, calling
guards from somewhere within the
protected premises to the threatened
point, or they may operate remote
signals in “central station” offices
maintained elsewhere by firms special-
izing in the installation, operation,
and maintenance of protective sys-
tems.

For many years industrial, mercan-
tile, and residential premises have
been protected against burglary by
electrical alarm devices supplementing
the work of guards. Such electrical
systems have now been joined by
electronic intrusion-detection devices.
These are proving useful where sup-
plemental protection is desired, where
series wiring cannot readily be in-
stalled and where alarms must signal
at the approach of an intruder rather
than after an attack upon premises
or fixtures begins.

Photo-electric  intrusion - detectors
substitute a beam of light for older
methods of protective wiring using
foil pasted over windows or show
cases housing valuable objects. Here,
interruption of the beam projected
from light source to light detector
actuates a local or remote signal.
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Sharply-focused lenses, hoods, and
masks, plus “modulated” light beams,
simultaneously make it difficult for
intruders to paralyze photo-electric
alarm systems by shining the beam
from a flashlight into a phototube and
walking through while the relay is
held in the stand-by position. Light-
beams are very nearly invisible even
in smoky or dusty air as most pro-
jectors now contain optical filters con-
fining emission largely to the infra-
red region. Mirrors are generally used
indoors to break beams up into cur-
tains of light criss-crossing the area
to be protected. Three or four reflec-
tions are commonplace and as many
as a dozen have been successfully
used.

Weather-proof cases and carefully
chosen components which continue to
function properly despite wide varia-
tions in temperature and humidity per-
mit systems of the type described to
function outdoors. Useful beam-
throws of as much as 500 feet have
been achieved by mounting projector
and detector units on heavy pipes em-
bedded in concrete blocks sunk into
the ground to maintain alignment.
Where extremely long beam-throws
are required, duplicate projectors and
detectors rather than mirrors are ad-
visable for turning of property bound-
ary corners. Because of other advan-
tages inherent in design, such equip-
ment is useful for indoor as well as
outdoor applications where somewhat

‘."\ THE NEW NaVY “E-with-star—

awarded first to Bausch & Lomb
“'\I —in official recognition of continued
\} nt in F for
Victory. It symbolizes a singleness of
purpose that justifies any sacrifice
you or we may be called upon to make.

Confidence Rides With The Dawn Patrol

HEN the bombers of the Atlantic

Patrol thunder into the dawn, their
pilots look ahead with confidence—confi-
dence born of faith in their machines and
the fuel that drives their motors. American
fuels, like American planes, are built to
bring back safely those who fly.

Somewhere, in an American refinery,
one of America’s great army of behind-
the-scenes workers, with a Bausch &
Lomb Refractometer, is doing his part in
making American oils and gasolines so
efficient and safely dependable. Modern
refractometric methods of control speed
refining operations and maintain a greater
uniformity and higher quality than ever
achieved before.

Here, again, optical science — with
Bausch & Lomb instruments —is at work
helping to strengthen America’s front lines.
Today, American manufacturers—like the
nation’s armed forces —turn to precision
optical methods for critical analysis, pre-
cise measurement, quality control. Bausch
& Lomb Contour Projectors, Metallo-
graphic Equipment and microscopes for
inspection and control take their place
alongside range finders, gun sights and
binoculars in contributing to the vital needs
of national war effort.

BAUSCH & LOMB

OPTICAL COMPANY e« ESTABLISHED 1853

AN AMERICAN SCIENTIFIC INSTITUTION PRODUCING OPTICAL GLASS AND INSTRUMENTS
FOR MILITARY USE, EDUCATION, RESEARCH, INDUSTRY AND EYESIGHT CORRECTION
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greater cost appears justified by the
additional protection afforded.

One unusual installation  has
guarded a waterfront stretch of
nearly 3000 feet for more than five
years, transmitting few false-alarms
despite dense harbor fogs. A special
projector unit using an 18-inch lens
and an airplane beaconlamp (to
widen beam-spread and avoid opera-
tion of the alarm by sea-gulls) was
built for this job and the projector
unit as well as the detector unit floats
in comparatively calm tidal water off
the end of a dock. Its purpose is to
detect intrusion from the sea side of
the property. Standard projector and
receiver units have since been de-
signed for such marine application.

SUN FOR HENS—Modern poultry farm hens

now bask for several hours a day under
portable sunlamps developed specially for
animals. The new sunlamps, source of Vita-
min D, eliminate the daily doses of cod-liver
oil usually fed to chickens but now threat-
ened by war shortages.

IT STRETCHES
Synthetic Rubber Thread
For Military Uses

WHAT is believed to be the first syn-
thetic rubber thread ever developed
in this country has been made from
Ameripol synthetic rubber. In an-
nouncing the development, W. S.
Richardson, of The B. F. Goodrich
Company, said:

“Primarily this development has
been for military purposes, to conserve
the natural rubber thread that for-
merly went into products used by
our armed services. There is at pres-
ent no possibility that any of the
thread can be diverted to the manu-
facture of civilian products, but we
hope that future circumstances will
allow that course.”

Some of the potential military uses

for the synthetic rubber thread are in -

harnesses for parachutes, in gas masks
and respirators, and in other equip-
ment. '

As now planned, the thread will be
sold to textile manufacturers for mili-
tary purposes in either the ‘“naked”
or uncovered form, or covered with
yarn by the rubber manufacturer.
“Naked” rubber thread is later cov-
ered in the textile mills. Cotton is
the textile fiber most commonly used,
although rayon, nylon, and silk are
also employed.

Rigorous tests on the new synthetic
rubber thread show 700 percent
elongation, comparable to the rubber
thread previously made from natural
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rubber compounds. Its comeback, or
“kick” is comparatively the same,
while its physical properties, under
accelerated aging, are better.

The thread resists the effects of
dyeing or bleaching much more than
the natural rubber products, resists

been
only

thread has
military use

rubber

Synthetic
developed, for

the action of body oils carried in per-
spiration much better, and has greater
resistance to chafing or cutting by the
needles of the knitting machines. It is
non-toxic and made only in black.

NYLON—A new du Pont nylon plant in Vir-

ginia, which started production in Novem-
ber, 1941, will be spinning by mid-summer
a million miles of nylon yarn—per day!

SOYBEANS

Face a Bright
Immediate Future

CHINA’S great contribution to Ameri-
ca’s victory farming, the soybean,
will receive greater attention than
ever during the coming crop season,
according to G. G. Mcllroy, director
of the American Soybean Association,
reports Science Service. Nine million
acres, 54 percent more than last year,
are expected to be planted to this
versatile crop, which can contribute
feed for the production of meat and
milk, oil for “explosives, paint, soap,
and human food, or can be plowed
under to give the soil the nitrogen
which diversion of nitrates into muni-
tions is taking out of commercial
fertilizers.

Needs for handling this unprece-
dented soybean crop are stressed by
Mr. Mcllroy. We must have, first of
all, available acreage. There must
also be adequate machinery for culti-
vating, harvesting, and processing.
There must be ample storage space
for the beans, and for oil and cake
after pressing. And  finally, proper
markets for oil and meal. The market
for oil and meal need give no concern,
at least for the duration. We are go-
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ing to need all the oil for food and
industrial uses that we can produce,
not only as long as the war lasts but
through the period of dearth that will
inevitably follow it. And the same
will doubtless be true for meat and
milk.

FORESTS SPRAYED
To Protect Trees on
Basis of their Value

SPRAYING of woodland areas has de-
veloped into something of a “big
business” with a scientific background.
Modern high-pressure spraying ma-
chinery and other equipment has been
evolved to meet the necessity, the
United States Department of Agricul-
ture reports. This technique now has
wide application in all parts of the
country.

The adaptability of the autogiro for
applying arsenicals over forested areas
has been demonstrated and this type
of equipment bids fair in time to com-
pletely supplant the use of ground
machinery, say the forest entomolo-
gists. It may lower the cost of the
application of insecticides to such a
figure that it will be economical to
protect forest lands from insect depra-
dations on the basis of the value of
the threatened timber stand rather
than on the additional threat of spread
to and destruction of forests in other
areas.

WALL PANELS
In Colors, To be
Cemented in Place

PLASTIC~COATED wall panels which
are completely pre-finished and require
no “on-the-job” treatment after in-
stallation are a development urged
to speed up emergency housing con-

Three types of new wall paneling
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struction and remodeling. Supplied in
sheets as large as four by eight feet,
the pre-finished boards are a product
of Barclay Manufacturing Company.

Designed for either new structures
or for speedy modernizing by covering
old walls and ceilings, the sheets are
best applied by a water-proof adhesive,
but may also be installed with brads.
They are available in 10 colors which
are permanently bonded to the sheets
by heat treatment. The surface is
water-proof, stain-proof, dirt proof,
vermin proof, and may be cleaned
with soap and water.

Available in three types—Tileboard,
Panelboard, and Streamlined Board—
the sheets may be installed by any
competent carpenter. Besides the more
obvious applications in bathrooms and
kitchens, the plastic-coated panels are
also recommended for playrooms, nur-
series, closets, laundries, service sta-
tions, barber and beauty shops, meat
markets, bakeries, restaurants, hospi-
tals, boats, and trailers.

VEHICLES—The rise of the motor vehicle as

an instrument of. government is revealed
in figures of the United States Public Roads
Administration, which show that while pri-
vate motor vehicle ownership in the United
States has risen 20 percent in the past
decade, the number of vehicles owned and
operated by federal, state, and local govern-
ments has risen 146 percent.

SUGAR BEETS

Improved Seed, New
Lahor-Saving Devices

Two tedious hand processes have kept
sugar-beet growers dependent on field
workers. Nature’s generosity in pack-
ing each beet seed with the germs of
several plants has meant hours of
back-breaking labor down the long
rows, thinning the clumps of new beets
by hand until those remaining could
have space to grow and be healthy.
Right now, when we need it most,
comes ‘“‘singled” seed. A machine de-
veloped at the University of Califor-
nia breaks the beet seed into segments,
each containing the germ of but one
plant. Planters are easily adapted for
sowing the singled seed, and the small
number of multiple plants can be
chopped out by hoe or cultivator. One
farmer cut his thinning costs in half
last year by using singled seed. The
seed itself is more expensive, but only
one third as much, by weight, need be
planted.

The second laborious hand process
is the harvesting. A Colorado farmer
has been tinkering for years, trying
to evolve a machine for lifting beets
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IMMEDIATE

DELIVERY

LATEST TYPE INDUSTRIAL & LABORATORY EQUIPMENT

BRONZE GEAR AND
CENTRIFUGAL PUMPS

No. 9

No. 1 Centrifugal 7%
No. 4 “

With

Inlet Price A. C. motor

7 $ 6.50
34" 13.50
134" 16.50

Price $ 9.00 With A.C. motor
“ 71000 “ th “
w“ “ “

“ w“ “
“

HEAVY DUTY TWIN
COMPRESSOR

Complete automatic twin cylinder outfit
fully equipped with a heavy duty 4
H.P. motor, air tank (300 lbs. test—
150 1bs. A.W.P.), automatic adjust-
able pressure switch, gauge, check
valve, safety valve and drainer, etc.
Delivers 150 1Ibs. pressure. Displace-
ment 1.7 cu. ft. per min.

Models S H G V4
12” x 24" tank A.C. 110 or 220 v. 60 cycle
$57.50

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

Large stock of air compressors, !4 H.P. to 20
H.P. A.C. and D.C., all voltages, 1 to 120
C.F.M. displacement, built for all requirements.
| Additional data on request.

ATTIC AND INDUSTRIAL FANS

Belt driven, slow speed, exceptionally quiet
in operation, highly efficient. G.
H.P. R.P.M. C.F.M.
4200
5800
8000
11500
16500

MAGNETIC GAS VALVES

All sizes in stock; Prices on request

COROZONE
O0ZONATOR

An electrical device
#1 that converts ordi-
oxygen into
Revitalizes
and - deodorizes the air. Suitable for laboratory,
factory, office or home. 110 volt AC.
Only 10 watts.

“BUSH” CONDENSERS
TINNED COPPER

Designed for refriger-
ation and air condition-
ing. Has many other
uses. High heat transfer
capacity and great effi-
ciency.

Sizes 73 x 12%2
Sizes 933 x 1134
Limited number

. $3.25 each
350 “
sizes on hand.

larger

EXHAUST FANS, BUCKET BLADES

General Electric A.C. 110 volt motors.
cu. ft. Price

850 3800 45.00
Other voltages & frequencies available at slightly
higher prices.

General Electric Immersion Heaters

Suitable for heating liquids tanks, kettles, etc.
(1 KW raises temperature 100° F 3 gallons per
hour.) Fitted for 1l%” iron pipe thread. Can
be used as 110, 220 volt or 3 heat 110 volt.

600 Watt. . $7.50 1200 Watt .....$10.50
“ . 7.60 2000 “ . 12.50

3000 Watt $15.00

FORCED DRAFT BLOWERS COMPLETE

R.P.M. CU.FT. MIN. INLET

WITH MOTOR

OUTLET PRICE

1750 160 415"
350 61%”
535 6
950 T
1900 9157

R
2(?”
{

6
e

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

PIONEER AIR COM
120-s CHAMBERS ST.

SCIENTIFIC AMERICAN

PRESSOR CO., Inc."

NEW YORK CITY, N. Y.

31



An Accurate Balance
At a PRICE Within the Reach of All

Laboratory Workers o
Experimenters o

Sensitive to 2/50 gram
Weighs up to 100 grams
Compact—No loose parts
Modern, durable construction
Small convenient size
Handsome streamline design

Schools

Field Workers

Now permissible for auxiliary use in drug stores (N. Y. C. Serial B17.)

Never before a balance with all
these exceptional features!

Finest Quality—Made of tested materials.
Its construction will appeal to laboratories
desiring the best equipment. The Bakelite
cup is unaffected by practically any sub-
stance that can come in contact with it; the
tool steel knife edge and agate bearing will
give long life and accuracy.

Extreme Sensitivity—Weighs to one deci-
mal point farther than the usual low-priced
counter scales and serves nearly every
laboratory purpose short of precise analysis.
The capacity of 100 grams is ample for the
delicate weighings made in the usual course
of teaching, organic synthesis, experimental
work, compounding, photographic work, etc.

Order from

Compact-Convenient—Does not monopolize
a laboratory table. Placed on the desk of
the busy technical executive, it will soon
become indispensable.

Its small size makes it possible to carry it
on inspection and testing trips at a distance
from the laboratory. It is small enough to
be carried under the arm or in an overcoat.

BENNETT BALANCE

Graduated in either Metric System (grams)
or the Apothecary’s System (grains, drams,
ounces). In ordering, please state which
of these you desire.

$8.00 plus 40¢ Postage

Tech Editorial Service, 26 West 40th Street, New York, N. Y.

VICTORY IN WAR
Calls For Skilled Workers

Increase Your Knowledge of the Machine
Trades . With These Outstanding Books

Blueprint Reading for the Ma-
chine Trades—by Fortman and
McKinney. A very practical
and easy-to-understand book.
Contains many helpful ‘‘Quiz’”’

questions with answers in- Machine

as several rational formulas are
included for which no deriva-
tions are given.—$3.10.

Pattern Making—by Ritchey-
Monroe-Beese-Hall. A practical
treatise on woodworking and
wood turning, tools and equip-
ment, construction of simple
and complicated patterns, in-
cluding imetal patterns.—$2.10.

Electric Welding—hy Potter. An
easy-to-understand text cover-
ing principles and application
of the various types of electric
arc welding.—$1.35.

cluded.—$1.60.

Forging Practice—by Johnson.
A practical volume on hand
forging of wrought iron, ma-
chine and tool steel, drop forg-
ing, and heat treatwment of steel
including annealing, hardening,
and tempering.—$1.60.

Foundry Work—by Stimpson-
Gray-Grennan. An excellent
book on standard foundry
practice, including hand and
machine molding, with typical
problems worked out in detail.
—$2.10.

Machine Design—by Winston.
A beginning volume presenting
those fundamentals of theory
and analysis which are basic to
the field of machine design.
The calculus is not resorted to

For Sale By

Shop Operations—by
Barritt. There are 267 actual
jobs, 790 pages, and 1,235 illus-
trations in this popular book.
The jobs are typical of hun-
dreds of major operations which
a skilled mechanic is called up-
on to do. The tools needed for
each job are listed and the job
is worked out in a step by step
manner. ‘“‘Quiz’’ questions ap-
pear at end of each job.—$6.10.

Machine Shop Work—by Turn-
er-Perrigo-Bertrand. An up-to-
date book on approved shop
methods including construction
and use of the tools and ma-

- chines, details of operation, and

modern production
Fifth edition.—$2.85.

methods.

Metallurgy—by Johnson-Dean-
Gregg. A fundamental book for
the beginner that stresses the
science of physical rather than
chemical metallurgy.—$2.60.

Oxyacetylene Welding—by Kehl
and Potter. A presentation of
modern processes of welding,
cutting, and lead burning for
steel, cast iron, aluminum, cop-
per and brass.—$1.35.

Sheet Metal Work—by Neubeck-
er. An excellent book of self-
instruction in pattern drafting
and construction in light and
heavy gage metal, with many
practice problems.—$2.60.

Practical Mathematics — by
Hobbs - Dalzell - McKinney. A
practical ‘‘how-to-do-it’’ book
dealing with the fundamentals
of mathematics. Questions and
answers included.—$2.60.
[}

Prices Quoted Are Postpaid in
the United States. On Foreign

Orders add 25 cents Postage on
Each Book.

SCIENTIFIC AMERICAN

24 West 40th Street

New York, N. Y.
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out of the ground and topping them.
He has achieved it at last and a farm-
implement manufacturer has refined
his crude design. Now a machine
marches down the rows where before
men stooped and pulled, shook the
dirt from the fibrous roots, cut off the
tops, and stooped and pulled the next.
Another single-row topper-lifter has
been developed at the University of
California, and in that state of vast
farming operations there are already
several multiple-row machines in use.

These thinning and harvesting prob-
lems pre-suppose good seeds. Again
the timing has Deen right. Govern-
ment agricultural experts have long
been at work improving the seed
strains, so that now the yield is better
by three tons per acre than formerly.
Resistance to the curly-top disease
that menaced all beets west of the
Rockies, where nearly one third of the
nation’scrop is grown, has been suc-
cessfully developed also.

The sugar beet growers have been
called upon to produce well over one
third of the g5,300,000 tons of sugar
which Leon Henderson has designated
for civilian use during 1942. Antici-
pated contributions from other sources
are: 500,000 tons from Southern cane,
600,000 from Hawaii, 1,100,000 tons
from Puerto Rico, and an equal
amount from Cuba and others. Our
Allies and war materials will get the
remainder of Cuba’s output.

OIL PROOF
Aprons and Gloves
Find Many Uses

DE\’ELOPED expressly to prevent der-
matitis, folliculitis, and other occupa-
tional skin diseases prevalent in many
industries is a new line of oil-proof
and solvent-proof gloves and aprons
recently announced by Resistoflex
Corporation. The gloves and aprons
are made of an extremely tough, flexi-
ble material with high resistance to
tearing and abrasion, and the aprons
are supplied in both a transparent
type and a heavy-duty type employing
a flexible fabric coated on both sides
with a sturdy film of the same mate-
rial.

According to the manufacturer,
these gloves and aprons are immune
to all organic solvents, including ali-
phatic, aromatic, and chlorinated hy-
drocarbons, and even to that highly
active inorganic solvent, carbon disul-
fide. The gloves are said to be suc-
cessfully used in dry-cleaning and de-
greasing operations where protection
is needed against carbon tetrachlo-
ride, trichlorethylene, perchlorethylene,
benzol, or petroleum solvents, and in
magnaflux operations where they are
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Protection for work and worker

unaffected by kerosene, varsol, and so
on. Because the gloves contain no
sulfur, they do not tarnish highly pol-
ished metal surfaces and are recom-
mended for inspection of ball bear-
ings, aircraft parts, and the like.

Although the gloves are not as pli-
able as rubber or synthetic rubber
gloves, they are sufficiently flexible to
afford unrestricted movement of the
fingers, and because of their immunity
to the above mentioned solvents they
do not require repeated washing with
soap and water.

SPEED—Close teamwork between American

steel makers and truck and plane trans-
portation recently enabled a British factory
manufacturing tank bearings to receive a
shipment of especially treated steel within
four days. The steel ingots were made in
the midwest and rolled into rods which were
then shipped overnight by express truck to a
wire-drawing concern in New England and
drawn into wire. A second express truck
then rushed the wire to another manufac-
turing plant for heat treating to specification.
A plane then rushed the wire to the English
plant ahead of schedule.

INSULATION
For Buildings Offers
New Cotton Use

ABOUT 25 times as much cotton in-
sulation will be used this year as last
—12 million pounds compared with
half a million pounds—the United
States Department of Agriculture esti-
mates. The Agricultural Marketing
Administration says that the new in-
sulating material will go into defense
housing and other buildings and into
refrigerator cars, trucks, and other
transportation outlets. In 1941 the
Department actively promoted demon-
strations of the new cotton insulation,
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and the increase in demand is re-
garded as a result of satisfactory ex-
perience in the early test.

This new building material offers
one promising outlet for part of the
anticipated large carryover of lower
grade short-staple cotton. High grade
long-staple cotton is urgently needed
for military purposes, and cotton
farmers have been asked to plant
plenty. But, as Secretary Wickard
recently pointed out, -an estimated
three fifths of the cotton now pro-
duced is short staple, that is, one inch
and shorter. Some of this is used for
coarse fabrics, but much of it would
be more serviceable in cotton insula-
tion.

Use of cotton insulation, says the
Agricultural Marketing Administra-
tion, is not restricted by priorities,
and much of it is already going into
defense housing. Private individuals

who are building or improving homes
are not barred from using cotton in-
sulation. It is easily installed in new
houses at the time of building. It is
applicable to existing dwellings in ac-
cessible parts, such as under the roof
in attics, or in unplastered side walls.

CULVERTS
0f Wood, To
Replace Metal

AN all wood culvert, designed by
The American Rolling Mill Company,
is now in production and serves as
one solution to the problem of build-
ing drainage structures without the
use of critical materials. On war
projects, where steel is required for
engineering reasons, sufficiently high
priorities are granted to fill the re-
quest. However, on many drainage

for

SOUTH BEND LATHES

Equally efficient on precision toolroom work or close
tolerance manufacturing operations, South Bend Lathes
will help solve your production problems. Substantial
savings in capital investment, power consumption, floor
space, and labor costs have resulted from their instal-
lation. They will give you the same efficient, trouble-
free service that they are giving some of the largest

war industries.

Many features contribute to the efficiency of South
Bend Lathes. A wide range of spindle speeds permits
maximum cutting tool efficiency. Smooth, vibration free
operation permits machining work with such precision
that subsequent finishing operations can often be elim-
inated. A convenient arrangement of controls makes for
an ease of operation which reduces fatigue and lowers

the probability of errors.

Made in a wide range of sizes and types, there is a
South Bend Lathe that will efficiently handle almost
any class of lathe work. Write for catalog and name of

our nearest dealer.

SOUTH BEND

LATHE BUILDERS FOR 15

Efficient

Production

“HOW TO RUN
A LATHE"”

A practicol reference book
on the operotion ond care
of metal working lathes.
Widely used for training
apprentices, new opera-
tors ond students. Con-
tains 128 poges, $%4" x
8, over 3685 illustrations.
Price 25 cents, postpaid.

LATHE WORKS

YEARS

OEPT. 307, SOUTH BEND, INDIANA, U. $. A.
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operations there is a definite need for
substitutes. For such purposes the
wood culvert was developed.

In the case of army camps and
cantonments, the wood culvert will
serve the expected life of the projects.
Where thé culvert is used in a per-
manent installation, post-war replace-
ment can readily be made either by
threading a conventional corrugated
metal pipe through the wood culvert,
or by packing a metal pipe around it.

Designed for the duration

But replacement with steel is for the
tomorrow of peacetime. Right now
the wood culvert is filling the need of
the present.

Because the culvert’s construction
employs very short lengths of wood,
sizes which ordinarily would be dis-
carded may be used to make the
wooden drainage product. The only
field ‘work required is to join stan-
dard sections into any desired length,
and skilled labor is not needed. Pre-
fabricated, the culvert is light, easy
to handle and to transport and as-
semble at the scene of operations.

VITAMINS—Variance in Vitamin A content

of each shark liver is due to several factors
—grounds where the sharks have been feed-
ing, grounds where they are caught, the
season of the year. Also, male sharks have
a much higher vitamin content than female.

Combination Has
Many Uses

A HANDY combination of flashlight
and six-foot steel rule, illustrated in
one of our photographs, was origi-
nally developed by Giffords, Inc., for
use by fuel-oil delivery men who must
measure oil tank levels in dark cellars.
The combination had been found
adaptable to other uses as well and
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Light, tape measure, sling

hence has been made available for
general distribution to the public.
Another feature of the combination
is that the steel tape can be pulled
out and slipped into a slot at the
pointed end of the flashlight, thus
forming a loop or sling by means of
which the flashlight can be suspended
around the neck, hung from the shoul-
der, or hooked around a pipe or
beam to direct light conveniently.

QUICK-DRYING

Paints Produced from
Domestic Materials

Two new oils have been developed
which will make it possible for the
paint industry to continue the manu-
facture of quick-drying paints and
varnishes. With imports of tung oil
cut off by war in the Far East, the
industry, it was feared, would soon
be forced to return to the manufacture
of slow-drying paints. The new de-
velopments, however, will make such
a move unnecessary. It is even felt
that they may permanently replace
China-wood oil in this country.

Developed by Spencer Kelloff &
Sons, the new oils are known as Kel-
lin and Kellsoy. Basically they are
made from linseed oil and soybean oil
to which quick, hard-drying qualities
have been imparted by a secret pro-
cess. Commercial production is get-
ting under way, and the company
plans to increase output substantially.

Most of the principal raw materials,
flaxseed and soybeans, are grown in
large quantities in this country. More
than 50 percent of all the flaxseed
used in this country is domestically
grown, with the balance imported
from Argentina. All of the soybeans
consumed in the United States are
grown here. A satisfactory hard-
drying oil has been made from castor
oil by chemical reconstruction of its
composition. However, the raw mate-
rial, castor bean, has to be imported
from Brazil—Chemical and Engi-
neering News.

JULY 1942 «

Lighting Plants,

Gasoline Driven.
‘“Delco’ 1000 watts,
120 volt direct cur-
rent generator. Bin-
gle cylinder, 4 cycle
air cooled 2% inch
bore, 5 inch stroke,
1400 RPM, battery
start ignition.

$225.00

Additional data on
request.

Build Your Own Searchlight

U. S. Army Parabolic Mirror

Precision Quality

Focal Glass

Dia. Length Thickness Price

11 in. 4 in. % in.

30 in. 1214 in. 7/16 in.

36 in. 18% in. 7/16 in.
Made by Bausch & Lomb & Par-
sons. Perfectly ground and high-
ly polished.

A few 60 in. slightly used metal
mirrors on hand.

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.
1 Amp. Hrs.
Amp. Hrs.
Amp. Hrs.
Amp. Hrs.
B-2(J-3) Amp. Hrs.
M-8 Amp. Hrs.
i 1.-20 Amp. Hrs.
l L.-40 Amp. Hrs. 5
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.

U. S. ARMY TELEGRAPH SET

Signal Corps telegraph key and sounder
mounted on mahogany board. Oper-
ates on 2 dry cells $5.95

U. S. ARMY TELEGRAPH SOUNDERS

All brass on wood base, 20, 50, or
200 ohms. Bunnell

TELEPHONE SWITCH DIALS

“Kellogg’’ 4 terminal, 10 digits. Diameter
2%"” $3.50

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
messages.
Double pen permits simultaneous 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 & finished,

like new $47.50 $30.
GLASS MERCURY TUBE SWITCHES

3 amp. $1.25 10 amp.
f amp. 1.95 20 amp.

Reconditioned

2.95

TRANSMITTING
CONDENSERS
MICA
operating volts 12,-

500, cap. 004.
Dubilier, new $12.50
Dubilier, used 10.00
Wireless Spec. new
0.00

Wireless Spec. uéed
7.50

NICHROME WIRE

in stock
SIZES FROM #39 to .001

U. S. Army Aircraft,
solid brass telegraph
and radio transmit-
ting key, large con-

$2.95

Single Stroke Electric Gongs
Edwards 12” bronze DC5 Ohm Mech. Wound $18.00
Edwards 10” bronze DC5 Ohm Mech. Wound 15.00
Edwards 6” bronze DC5 Ohm Mech. Wound 10.50
Schwarze 8” 100 Ohm 32 volt 10.50

BAROGRAPH, FRIEZE, 7 Day Graphic, 7
Jewel movement, 28 in. to 31 in. atmos.
pressure by 20th. 8 Vacuum Cylinders 3%
in. dia. hinge cover, glass front,
mahogany case. Price

U. S. Navy Divers Lantern

Electric 150 watt, any voltage, solid
cast brass. 300 lb. test. Weight 12 1b.

Prisms, Binoculars, Bausch & Lomb, used,
slightly chipped, 1 11/16 inch long
by 3 inch wide

Engineers U. S. Army Precision Type Tripods
Keuffel & Esser, precision type hardwood,
42” long, 3” diameter bronze platform with
5/16” #18 threaded stud %” long. Has
brass tension adjusting screws. Legs
reinforced with cast bronze and steel

tips. Weight 5 1b.

TUNGSTEN CONTACT DISCS

134” dia. — 1/16” thick. Pure metallic
tungsten contacts. Machined and polished
$2.00 ea. 0 per pair.

U. S. ARMY
AIRCRAFT MICRO-
PHONE

Manufactured by Western Elec-
tric, Breast type carbon micro-
phone transmitter, noise proof,
complete with cord, plug and
breastplate. Exceptional

$2.95

U. S. ARMY ALIDADES

Hardwood, metric scale, 0-15 cm. and reverse,
and log, scale hairline sight spirit level. $1.95
45° angle adj. type, made in France

HAND CLINOMETERS, PENDANT

U. S. Army Engineers, Geologists, Survey-
ing, Mapping, etc. Magnifying Eyepiece.

U. S. ARMY LIQUID COMPASS (Sperry)

Bronze jewel bearing. Leather case.
23%"” diameter, 1%” high

$3.50

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

HUTCHINSON PRISMATIC COMPASS

3 in. dia. brass, black enameled,
proved pattern, with opening in top,
floating jeweled dial. 2 in. Each... $16.50

im-

DYNAMOTORS D. C. to D. C.
24-750 volt. Gen. Electric 200
mills $27.50

24-1000 Gen. Elec. 1000 mills

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

“Veedor-Root”

Revolution Counter

Six number, (999999) non-reset, dimensions over-

all 512” long, 14"
merals 14”

wide, and 1-5/16” high. Nu-
high, nickel plated. Special... $7.50

MANHATTAN ELECTRICAL BARGAIN HOUSE, INC., Dept. 8.5., 120 Chambers St., New York City
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WE MAY NOT BE
ABLE TO DUPLICATE
THIS OFFER
b |

The James B. Hall “Factory
Special,” popular standby
of over 20,000 cigar smok-
ers, is one of our outstand-
ing values. This famous all-
hand-made cigar is expertly
blended of fine imported
and domestic tobaccos with
carefully selected Connecti-
cut shade grown wrappers.

We save you the cost
You buy these fine cigars at
this low price because we
save the cost of matching
them by colors. This sorting
must be done by experts
and costs money—yet it adds
nothing to the quality or
enjoyment of the cigar. We
save you this cost and in
addition, since we are the
makers we save you the
middleman’s profit. That’s
why you can buy 100 Fine
Cigars, packed in metal hu-
midor, for $3.50, or 50 for
$2.00. We do not know how
long we can continue this
offer. Conditions are chang-
ing daily and the supply of
metal humidors is limited.

You Take No Risk
Send your order today. We guarantee to refund
your money if you are not satisfied with the smok-
ing quality of these cigars. Send remittance with
order, we will pay postage, or sent C.O.D. you
pay postman, plus 18¢ C.OD. fee.

JAMES B. HALL

108-J EAST 16th STREET * NEW YORK, N. Y.
SEEEEEEEEEEEEEEEER

ACTUAL SIZE-EACH CIGAR 5" TO 514"

When you write to
advertisers

® The Editor will appreciate
it if you will mention that

Ty SCIENTIFIC
AMERICAN

it in

CAN ANINVENTOR MAKE
MONEY

N 1941 alone over 4,000 As-
signments of Patents a month
were made by inventors to manufac-
turers or individuals. This shows to-
day’s demand for new patented inven-
tions. If you have ideas, write for our
FREE BOOK, ‘Protect, Finance and Sell
Your Invention’’ that gives you the complete facts. Special
form “‘Invention Record” also mailed FREE. No

Obligation.
McMORROW & BERMAN
Reg’d. Pat. Attorneys, 175 X Barrister Bldg., Wash., D. C.
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AVIATION

Cargo Planes of the Future

Special Equipment Will be Needed for this Branch

of Air Transportation When it Starts its Growth

ALEXANDER KLEMIN

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

have received revenues of over
half a million dollars from transporta-
tion of express and freight, and mail
cargo revenues over a number of lines
total several million dollars annually.
Yet commercial transportation of car-
go by air in the United States is still
in its very early stages.

So far no really special equipment
for cargo work has been available.
Therefore a paper by Charles P.
Graddick, of United Air Lines, pre-
sented at the Annual Meeting of the
Institute of the Aeronautical Sciences,
which discusses operating require-
ments for air cargo equipment, is very
welcome.

Not only must we have special air-
craft, according to Mr. Graddick, but
other facilities will be required as
well. For example, in some of the
largest cities special cargo airports
should be constructed and at most
ordinary airports space should be pro-
vided for freight warehouse facilities.
Warehouses will be needed for tem-
porary storage of goods awaiting
transfer from one airline to another.
Space will be needed for railway ex-
press agencies and for freight for-
warders. Our ordinary hangars may
have to be modified to include mova-
ble platforms, storage space, hoists,
derricks, tractors, and so on. The
general ground handling of goods
must be given far greater thought than
hitherto.

What will be air cargo schedules?
There will be, Mr. Graddick says, air
cargo ships operating on regular trans-
continental cargo schedules between
large centers of population. There will
also, of course, be feeder planes and
feeder routes.

What will be the cost? Undoubted-
ly rates will be a large factor in de-
termining the volume of air cargo.
There is a limit to what shippers can
and will pay for speed. At the present
time, air express ra.es are from four
to seven times rail express rates
and correspondingly higher than rail
freight rates. A great effort, therefore,

S EVERAL airlines this year so far
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will be necessary to reduce ton-mile
operating costs of air cargo planes.
This can be attained only by intense
study of the airplane, which is being
conducted both by United Air Lines
and by Air Cargo, Inc., the instru-
ment of all carriers. .

Speed of air cargo ships will have
to be great but there will also have to
be low operating cost which can be
attained only by somewhat lower speeds
than for passenger craft and greater
simplicity of construction. It may be
possible to work out movable bulk-
heads and folding seats which would
make possible changes in seating ca-
pacity and cargo space by shifting the
position of the bulkhead, folding it
away into the floor. Some heating will
be needed and also some refrigeration
will have to be provided for fresh
meat products, fruits, and so on. On’
certain local operations, single motor
planes of special cargo carrying type
might be utilized. It has even been
suggested that gliders might be prac-
tical for regular day-by-day all-
weather operations. The glider would
bear the same relationship to the air-
plane that the car bears to the locomo-
tive of a train.

A decided advantage of cargo opera-
tion will be that it will provide a
splendid training service. A pilot will
have served as co-pilot in a cargo
plane before advancing to Captain.
Before a Captain on a cargo plane is
transferred to passenger runs, he will
be a well seasoned pilot who will have
much more weather and flying ex-
perience than would have been possi-
ble had he gained his experience
merely at school.

Mr. Graddick concludes with such
factors as airports, warehouses, sched-
ules, rates, pick up and delivery serv-
ice and other factors whict will have
to be carefully studied before our
cargo picture becomes satisfactory—
yet there is no doubt in his mind that
such difficulties will be readily over-
come.

RAIDERS
Our Navy Comments
on Fighting Planes

AGREAT deal of secrecy must, of
course, shroud our aircraft operations
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Like the Kingfisher, whose name it bears, the OS2U preys on underwater lurkers

against the Japanese and it is only
rarely that the Navy lifts the veil a
little and praise is given to the factories
which are producing fighting Ameri-
can aircraft.

Recently, however, Secretary Knox
and Rear Admiral John H. Towers
have informed Douglas Aircraft Com-
pany that the “Dauntless” dive bomb-
ers and the ‘“Devastator” torpedo
planes have distinguished themselves
in recent raids. They also stated that
in a recent engagement between
Japanese land-based aircraft and
Grumman  “Wildcat” carrier-based
fighters a total of ten Japanese fighters
and three bombers were destroyed
without a single loss to our fighters.

A letter to Vought-Sikorsky said
that the “Kingfisher” (0OS2U), a
cruiser- and battleship-based observa-
tion-scout, has heen very effective in
combatting the submarine menace and
has also made successful attacks
against the enemy.

The “Kingfisher,” as can be seen
from our photograph, has excellent
vision, owing to the liberal use of
transparent plastic material. It is a
trim, mid-wing mono-powered plane
with an air-cooled engine. A single
main float is employed which can be
readily replaced by a landing gear.
—A4.K.

ICING
Another Airline Safety
Problem Solved

ALTHOUGH the airlines have flown
more than 287 million miles during
the last thiee years, they are still con-
cerned about the difficult problem of
icing of the carburetor intake, and it
remained for Victor J. Skoglund of
the United Aircraft Corporation to
carry through laboratory tests in a
comprehensive research into this im-
portant problem.
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Special refrigerated tunnels had to
be employed and a great many runs
were made with scoop and carburetor
subjected to high air stream and icing
conditions. One of our photographs
shows an assembly of carburetor air
scoop and a portion of the engine
cowling as it appeared before installa-
tion in the tunnel. Another picture
shows ice formation practically block-
ing the air induction system below the
carburetor — an occurrence prevalent
when moist air is cooled by fuel
evaporation.

As a result of his experiments, Mr.

ice-
blocked carburetor intake system

Above: Air scoop. Below: An

Skoglund made radical changes in the
design of the air scoop; he developed
a scoop with heated air valve and also
a new type of fuel discharge nozzle in
which the hazard from ice formation
by evaporation of fuel is eliminated.
—A. K.
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INSPECTION — TESTING

Unskilled labor—fast rate of inspection
—Production testing of electrical ap-
paratus.

MACHINES designed to perform all needed

tests on your product in one handling, at one time,
with one unskilled operator.

THE PRODUCT may be any electrical ap-
paratus, parts, assemblies, which require a group
of tests. Coils for telephones, relays, transformers,
etc. are now being successfully tested this way.

PHOTOGRAPH shows a typical coil-inspection
machine, performing 11 tests on one telephone coil.

YOUR INQUIRY will bring descriptive circu-
lars. If you include details of an application re-
quirement, we will also send our recommendations
and proposals.

PHOTOBELL CORP., 115 NASSAU STREET, N. Y.

PY Stbv. colRsEs
nde“c and educational
books, slightly
used. Sold, rented,
exchanged. All sub-
jects.  Money -back

guarantee. Cash
paid for used courses. Full details and illus-
trated 76-page bargain catalog IFREE. Write

today.
NELSON COMPANY
500 Sherman, Dept. G-243

stD
c%nes?ocomses

Chicago

Experimental and Model Work

Fine Instruments and Fine Machinery
Inventions Developed
Special Tools, Dies, Gear Cutting, Etc.

HENRY ZUHR, Inc., 187 Lofayette St., N. Y. C.

New PH Tester

= ——

Indicates These pH Values:
3.0 45 6.0 75 9.0

35 50 65 80
4.0 55 70 85 110

Buffer tablets make solutions having pH
values indicated above. Use these on Hydrion
pH Test Paper to match the color produced
by the sample being tested. Write for circu-
lar or send $4.50 for this complete pH outfit
No. 1, postpaid, with full directions.

R. P. CARGILLE

118 Liberty St. New York, N. Y.

10.0
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The Binary Slide Rule SCIENCE lN INDUSTRY

equals a 20 inch straight
slide rule in_ precision.
o, as C, CI, A, K, Log,

3%\ LL2, LL3, LLd, Binary,
. Gives Trig. functions to
\kl Add and Subtract Scales

L]
1 minute from 0 to 90
degrees. The engine-di- u I w
vided scales are on white
enameled metal. Perma-
nently accurate. Dia. 814",
‘Large figures and gradu-

ations eliminate eyestrain.

wty. price it isceptional vaiite and | | New Products and Processes That Reflect Applications

C.0.D. Durable case 80c extra. Circulars free.
Your money back if you are not entirely satisfied.

L of Research to Industrial Production

TOGGLE CLAMP
COUNTERS

for Every Purpose N Exerts Pressure
MECHANICAL-ELECTRICAL LU | of 500 Pounds
MANUAL SRR

FOR holding small parts when riveting,
drilling, or reaming, a toggle clamp
recently announced by Knu-Vise, Inc.,
A ’.N ’ CO “wmm-.% takes the place of the many make-
M A G N E T s L) shift devices which are often used for

M " " these purposes.
1 x ¥%B" x 3/16 2 for 50c . 9
4" x %" x 1/2"8 A B 2 for $1.50 The clamp, illustrated in one of our

LIFTERS — $2.00 — $3.00 — $4.00 photographs, is screwed or bolted to a
BLAN, 64-V Dey St., New York | base. The screw at the holding end is

AIIMY-IIAW BARGAINS

Cart. Belt ........ $0.60
Hobbles Rope Lariat ..... .15
Helmet Eagle . Sword Bayonet .. 1.75
Europ. Cutlass ... 2.50 Model Cannon 7”. 1.75

75th Anniversary Catalog 1865-1940, 308 pages, over
2,000 illustrations of pistols rifles, daggers, medals,
gaddtles etc., mailed for 50 cents. 1942 circular for
c stamp.

FRANCIS BANNERMAN SONS, 501 Broadway, N. Y.

Haversacks

How new blind rivet is applied

pulls the mandrel of the tool back
against the anvil, setting up compres-
sion in the rivet shank that causes the

When 2’““ write to LLUD DL T U shank to bulge and form a ring-type
advertisers then turned down to the proper adjust- head back of the sheets. The tool is
® The Editor will appreciate ment for the work in hand. By press- then removed by backing it out of the

it if your will mention that ing on the opposite end of the clamp, threaded'shank, t}}e_threads be.lng un-

you saw it in a holding power of 500 pounds per harmed in the driving operation and

square inch is applied to the rubber thus suitable for use in anchoring
SCIENTIFIC capped screw, the clamp automatically —equipment. If anchorage is not desired,
AMERICAN locking in place. Unclamping is ac- the hole can be plugged by application
complished by simply lifting up on the of a headed or headless screw.
pressure end of the lever.

Deluxe Professional

I-'inger Print Outfit RIVET

Used and recommended by Federal Bureaus

CUT-OFF

Tool Uses Abrasive

and Police Departments. Finger print rec- i
?é'gxslt%re tx‘equlred by war plants forp emplo;cae Set Blllld, Gan Also Wheel or Blade
ification.
Outfit includes: Ink, Roller, Plate, $ 00 Serve as Anchor .
Smudge Lens, 10X Magnifier, Ridge POWERFUL and accurate unit has

Countel' and 50 Cards. Sent post- g
Scientific & Laboratory Apparatus SET with a plier-type hand tool, or recently been made available for use
HAHHY ROSS 70 West Broadway, N. Y. C. : : g ’ h it is desired 1 h f
more rapidly with a pneumatic power Where it 1s desired to cut lengths o
tool, a new type of blind rivet, known various types of metal with a reason-
as Rivnut, can be employed for blind
COMBINED WITH rivet assembly of sheet metal or to
Practical Mechanios 5;”7//”76'/ provide a screw anchor on sheet-metal
S —, . ——— surfaces, or both.
in-1 reading course! Now . ' .
o8 Smiem ot Satealaton used by C——Jl—= As shown in one of our illustrations,
dral‘ tsmen, engnneers

‘‘master minds'’ on the stage. thiS RiVnut manufactured b the B.
=4 ol

;)‘:"ff}aé’ﬁlioﬁedﬁg‘r‘;fifmﬁaca?i‘?;r. ::s;gg (g? F. Goodrich Company, has a hollow

IMRE ShOFL-cut Thethod: Leams horae: shank which is threaded to provide a

oitnms Wood Cmensure. < uzzies: ) for drivi d also t t

:-3 etc. Large nllus'tral.edpvolume @ means 1or erI‘ng a"n . a SO_ o %’C as

postpaid. S(;Ahsfatchlmn A ul%‘ 5 a screw anchor if this is desired in the

riends wi your n'laglc ike ‘l M& . .
mental pow: 1 ﬁmshed ]Ob

FREE Complele details . . . mail —3
coupon TODA l —

) In application, the rivet is spun on
Neison Co., 500 Sherman St.
Dept. G-308, Chicago. Illinois .+ Vv /o to the threaded mandrel of the apply-
LR 3o ? Mathematies amg 2| ing tool. The rivet is then inserted
Praencal Mechanics Simplified.’”” No obligation. . .

into a hole in the sheet and the apply-

Name .
ing tool is activated. This movement Cutting to precision lengths
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able degree of accuracy and on a pro-
duction basis. This unit, known as the
Delta Cut-Off Machine, can be ap-
plied to any operations now performed
by costlier machines or being done
uneconomically by hand.

The unit is available in two models,
with an abrasive cut-off wheel and
with a special cutting blade for use
on non-ferrous metals. Rapid cuts
to exact lengths can be made on such
materials as aluminum, brass, steel,
Bakelite and all plastic materials, wire
rope, brake linings, tile, hard rubber,
and so on.

SANDER
Can Be Used Horizontally
Or Vertically

FOR finishing operations on wood,
metal, plastics, ceramics, and so on,
a new floor-mounting  belt sanding
machine recently developed can be
used in either vertical or -horizontal
positions.

This unit, shown in use in the hori-
zontal position in one of our photo-
graphs, is manufactured by the Porter-

Uses standard belts

Cable Machine Company. Operated
by a three-quarter horsepower en-
closed motor, the belt is driven at a
surface speed of 3400 feet per minute.
Standard 4 inch by 45 inch dry
abrasive belts or resin-bonded belts
run with water or coolant may be used
with” this machine. The flat backing
plate for the belt is four inches wide
and ten inches long and the rest table
is adjustable to 45 degrees.

CLEANER
Works Quickly on
Sheets or Castings

A NEW cleaner for aluminum and
magnesium, known as Matawan
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AL cleaner, is designed for cleaning
either sheets or castings. Used at a
concentration of four ounces per gal-
lon at 160 degrees, Fahrenheit, it does
not produce any etch or weight loss
on aluminum after two hours immer-
sion. Machined and polished magne-
sium shows no weight loss or etching
in 15 minutes or more. At this con-
centration the new cleaner, developed
by the Hanson-Van Winkle-Munning
Company, has cleaned a mixture of

_equal parts of kerosene and heavy oil

in 20 seconds. In a number of tests on
production castings, the time required
was from 74 minute to 4 minutes for
thorough cleaning, depending upon
the type of work and amount of shop
grease present.

FILLER
For Plastics Made
from Wastes

EXTENSION of the supply of certain
plastics now- curtailed because of
scarcity of raw materials is seen in a
new plastic filler material that can
readily be manufactured from waste
cellulose materials such as sawdust,
scrap wood, cotton, or other plant
fibers. Not a plastic itself, the new
filler material, known as hydrolyzed
lignocellulose, can be combined with
synthetic resins of the phenol-formal-
dehyde and phenolfurfural types in
proportions of three parts filler to one
part resin. This gives a plastic com-
parable to that obtained from one
part filler to one part resin when
ordinary fillers are used, it is claimed.
Thus it is possible during the present
emergency to increase greatly the
total amount of plastics which can be
made from the limited supplies of
phenolic resins now available. Both
phenol and formaldehyde, the two
most important resin raw materials,
have -been curtailed for ordinary use
as a result of the large requirements
of the munitions program.

The filler has been developed with

.the realization that standard proce-

dures in the plastics industry must be
adhered to as closely as possible. As
a result, the-techniques of compound-
ing and molding continuously-hydro-
lyzed lignocellulose-filled phenolic
plastics have been developed so that
there is no major deviation from cur-
rent practice, except for an accelera-
tion of both operations—a result which
is highly desirable. Particularly im-
portant is the reduction in the time
required for molding cure, where a
decrease by approximately one half
greatly increases the productive ca-
pacity of the expensive molding ma-
chinery and thus reduces the number
of units necessary for a given output.
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INVENTORS

FREe PATENT Guine

step, without cost, towas
our invention Write £
ECORD OF

5L S
&mtectlng
day for free R
VENTION form to legally disciose
your 1nv;r2_1FD We also send Free

48-pag ENT GUIDE contain-

ing instructions on how to patent 5

and sell inventions; details of search '
,?ervloea. easy payment plan; other 1ntereat.tn¢

AREN . J'BEK
and HARY 2 ACOBSO
24-G Adams Bldg., Washington, D. C.

RED P 2 i 7

Established 1853

Corn Exchange
Bank
Trust Company

13 WILLIAM STREET

and
74 Branches located in
Greater New York

Member of the Federal Deposit Insurance
Corporation

The Morse Decimalizer

e et e e e ——

The DECIMALIZER shows in a few simple
manipulations just where to place the decimal
point in the result of any computation involving

several elements, part or all of which may be
decimals— for example, in such a problem as
(9 x .0432 x 74.1 x 3.8) = (245 x .0093 x 36).
The DECIMALIZER removes that ‘‘decimal 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.

BLACK LIGHT
(Ultraviolet)
Lighting outfits and U.V. lamps for all purposes.
For — Oil Sand Recognition, Necrotic Diseases.
Criminal Investigation, Medical and Chemical
Research, Spectacular and Stage Effect, Germici-
dal Destruction, Laboratory, Fading Tests, etc.
Write for information and Catalogs.

KEESE ENGINEERING CO.
Hollywood, Calif. Dept. 8 EL
Lighting Engineers for 50 years.

?’i rapi

PRECISIO
\ DRAFTING MACHINE

Brief Case Size Tllustrated.

New large INDUSTRO
Drafters available—tubular arm,
ball-bearing machines. Complete
range of sizes up to 36"x48",

Free trial offer and catalog on request.

AN,
CLEVELAN , OHIO

6201 CARNEGIE AVE

39



FOLDEX TRIPOD

The only tripod made that can be
extended from 17 inches, when
completely collapsed, to 52 inches

when fully extended. All $5 45
[ ]

metal. 5 sections.

MAIL ORDERS FILLED

Vill g Ry

World’s Largest Camera Store
Built on Square Dealing

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

SEND TODAY FOR
YOUR FREE COPY

arfgus

ann arbor mi.

TRADE CAMERAS /7"

Generous allowance on your camera toward a
new or used model of your choice. Write
giving description of present camera and tell
us what you want. Write for free MOVIE or

STILL Buanng:nm. Department AD

179 W.MADISON ST.. CHICAGO, ILL,

LIGHTING for PHOTOGRAPHY
By Walter Nurnberg

A truly A-to-Z guide to the all-impor-
tant subject of what lighting means in
photography, its technical aspects and
its application in specific instances, by
a noted practicing photographer. Many
drawings, diagrams, and actual photo-
graphic reproductions illustrating the
various points covered, add immensely
to the book’s clarity and to its value to
all photographers, whether serious-
minded amateur or professional. (7 by
10 inches, 172 pages.)—$3.60 postpaid.

For Sale by

SCIENTIFIC AMERICAN

24 West 40th St., New York, N. Y.
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Conducted by JACOB

Camera Multiplies Images

SPECIAL camera, designed by W. H.

Wallace, is so constructed that a
single flat object, such as a simple draw-
ing, a bit of lace, a trademark design, and
so on, can be photographed by the camera
to record five images of the same subject
with one exposure. The basis of the
camera, which is called the Kaleidograph,
is the familiar phenomenon of two mir-
rors so placed that they meet at one end,
forming a variable V. An object placed in

Multiple

Right:

Original. Left:

the center is reflected in both mirrors;
the narrower the angle formed by the
mirrors, the greater the number of im-
ages, which for practical reasons is held
to a maximum of five in the Kaleido-
graph.

The pattern photographed by the cam-
era is made possible by the fact that
duplication of the subject is achieved by
reflections of reflections, the image being
reversed each time it is reflected.

The camera itself is an ordinary 5 by
7 view outfit supplied with a special set
of two mirrors so installed that they may
be varied as to angle at the will of the
operator, depending on the number of

3 et

The re-photographed pattern

images desired or found feasible for a
particular purpose. All the images are
sharp, clear, and flat, without any notice-
able distortion. Mr. Wallace uses a lens
of the Dagor type, although any other
lens, provided it is sharp-cutting, such as
the process or Tessar lenses, may also be
employed. Mr. Wallace uses Eastman
Process Panchromatic film because, while
full-color reproduction is not necessary in
this work since the subjects are usually
white, or black and white, the film is
more sensitive to the red when used in
artificial light and therefore permits

DESCHIN, A.R.P.S.

quicker exposures than process ortho
film would. This is important because
very small stops must be used; even then,
the exposure runs 15 to 20 seconds.

The object to be photographed is placed
under heavy glass to make sure it stays
perfectly flat during the exposure. The
procedure involves three steps in all:
photographing the object; pasting up the
desired number of prints; and then re-
photographing the pasteup.

Mr. Wallace says only line drawings
and similar subjects are suitable. The
camera can be used for halftone subjects
as well as three-dimensional material, but
the results are of doubtful value, accord-
ing to Mr. Wallace.

Flashing a Crowd

WHAT would you do if you had to
.photograph a huge crowd assem-
bled in a large square at night? Well, you
wouldn’t. Neither would we. But when
you have to and it’s your bread and but-
ter, you find a way. That’s what happened
in the case of Pringle & Booth, Ltd., of
Toronto, Canada, when they were as-
signed to photograph a crowd “estimated
at over 60,000.”

“Three 8 by 10 view cameras, loaded
with Afga Superpan Press film, were
set up side by side, with their Goerz 8-
inch lenses stopped down to f/16,” they
write. “The open-flash-shut exposure
method was used, with 40 G.E. Mazda
No. 75 photo-flash lamps in special re-
flectors. These were fired by dry cell
batteries. We estimate the amounts of
light at approximately 400 c.p. per square
foot, or 750,000,000 lumens.”

Baby Arrives!

THE amateur photographer does not
exist who has not racked his brain
on the arrival of the newborn to think
up an original gag to announce the fact
to the world—photographically. The re-
sults are not always happy ones—to the
recipients, at any rate—though the send-
er’s enthusiasm and genuine sentiment is
fully appreciated. Once in a while, how-
ever, a really good idea ccomes through,
an example of which is a card we re-
ceived the other day from Maurice Lehv,

Posing pins
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in which the father arranged a table-top
affair showing a milk bottle and woolen
booties, with the announcement, “Michael
is Here!!” followed by the name of his
wife ‘and himself, all neatly spelled out
in safety pins!

Prints Direct from Kodachrome

BLACK—AND-WHITE enlargements or con-
L tact prints from Kodachromes, lantern
slides, and other positive transparencies,
can now be made directly on Kodak
Autopositive Paper. Available in two
sizes, 3Y4 by 4l inches and 5 by 7
inches, the paper is a direct reversal
medium producing a positive print from
the positive transparency, automatically
eliminating the intermediate negative. The
paper is orthochromatic and must there-
fore be handled under a Series I Safe-
light. Claimed for it are ample speed, a
rich black tone, and a simple method of
processing very similar to that used in
making ordinary black-and-white prints,
though the borders are black instead of
the familiar white. These, however, can
be made white by masking the image and
flashing the borders before the print is
processed.

Retouching Medium

INTRODUCED by Willoughby’s as the latest
and reportedly one of the simplest
methods available for spotting and re-
touching, Spotone is described as a
“combination spotting, tone-building, and
retouching medium developed on the stain
principle.” Blue-black, sepia, and natural
black—the three colors supplied—may be
intermixed in various proportions ‘“to
produce the greatest number of retouch-
ing colors to match the largest variety of
print emulsions.” Spotone may be used
for paper negatives and film negatives,
producing grainless tone values on the
latter.

Prize Winner Tells All

W ANT to know how prizes are won?
Listen, please, to what Nathaniel
Field has to say about his prize-winning
picture, “Topnotchers,” which took first
place in this year’s Kalart Flash Contest,
in addition to having won honors else-
where in contests and pictorial salons.
Interviewed exclusively for this depart-
ment, Mr. Field said:

“‘Topnotchers’ was taken on Decora-
tion Day at the Ringling Brothers, Bar-
num & Bailey Circus grounds in Newark,
New Jersey. The day was exceptionally
bright, with brilliant sunshine and crystal
blue skies, without a sign of a cloud. I
was able to obtain the co-operation of the
performers, Mr. and Mrs. Hubert Castle,
in a rehearsal of their act, which was per-
formed outdoors for me.

“In planning the composition of this
picture, I decided that for two reasons a
low angle would be most effective :

“l. From a low angle the picture
would be more impressive.

“2. Since the background was made
up of circus tents and wagons, including
them in the picture would create a dis-
traction from the principal subject. How-
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“Topnotchers”

ever, by taking this picture from a very
low angle, all of the distracting back-
ground could be eliminated.

“To give dramatic quality, a red filter
was used to darken the blue sky. For
added punch, I used a Wabash Press 40
bulb in a Kalart synchronizer at the
camera, with an exposure setting of /5.6,
1/500 of a second. With this exposure, it
was possible to get the performers at the
top of their act without sacrificing the
dramatic quality desired. The camera was
an Automatic Rolleiflex, the film East-
man Super XX developed in DK-20. The
print was made on Velour Black paper,
developed in D-72, and toned with Tuma
toner to give the print a richer quality.”

Deferment for Trainees

THE School of Modern Photography,
New York City, advises that, due
to the need for military photographers,
draft boards throughout the metropolitan
area are deferring selective service draft-
ces until they can finish their courses at
photographic schools. Fifteen men have
had their army induciion dates post-
poned from two weeks 10 as long as six
months, they report, to give the students
an opportunity to graduate I[rom the
school. Fhe Navy, they add, is doing the
same.

Kodacolor With Flash

YES, you can use flash with Kodacolor.
A bulletin, No. 301, just issued by
Wabash, says so. It lists data and ex-
posure tables on the flashing of Koda-
color with one bulb mounted at the
camera, or two bulbs flashed in tandem.
However, you must use only the daylight
blue flash, as this has the higher  6000-
degree Kelvin temperature that comes
nearest the required lighting conditions
of bright summer sunshine.

While on Kodacolor, we hear that
Eastman has published a Kodacolor Ex-
posure Guide as the newest guide in its
series of Kodak Handy Pocket Exposure
Calculators. It gives full data for finding
correct exposure with Kodacolor under
various daylight conditions.
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Revere Model 88
CAMERA

takes all standard
double 8 film
(average scene
costs about 10¢
ready to show).
Palm-size; easy to
carr y. Complete
with Wollensak
F 3.5 lens, $38.50.

Revere movies not only prove your fish
stories but help you to relive every thrill-
ing exverience of your trip. The precision-
built Revere 8 mm. Camera has every-
thing you need for perfect movies in
brilliant natural colors or sparkling
black-and-white: Eastman-licensed spool
and spindles, fast Wollensak F 3.5 lens,
powerful silent motor with positive
speed governor control, built-in optical
view finder, and exclusive reciprocat-
ing film sprocket
which prevents
pulling onthe film
gate and assures
steady, sharp mov-
ies. Ask your deal-
er to show you the
easy-loading, easy-
to-use Revere
Camera. Write for
Iiterature. Revere
Camera Co., Dept.
7SA, 320 E. 21st
St., Chicago, Il
Revere Model 80
Projector

Complete with 500
watt lamp, F 1.6
lens and one 300-
foot reel, $75.00.
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E=z.= WHAT STRANGE
POWERS

Did The Ancients Possess?
== WHERE was the source of knowledge
—————

that made it possible for the ancients

FS-——————="-= (0 perform miracles? These wise men of the

=—7 past knew the mysteries of life and personal

wer. This wisdom is not lost—it is with-

held from the masses. It is offered freely

TO YOU, if you have an open mind. Write
for free sealed book. Address: Scribe UCB |

Jhe ROSICRUCIANS
SanJose  (AMORC)  Califomia

Card and
Photo
STEREO-
MIRROR

Single pictures and prints ap-
pear in three dimensions when
seen with our scientific device.

Thousands are delighted with it.
Order one today. Price $4.50

NU-MIRROR COMPANY
BRIDGEPORT, CONN.

When you write to
advertisers

® The Editor will appreciate
it if you will mention that

Ty SCIENTIFIC
itin AMERICAN

SMITH & WESSON
Revolvers

SPRINGFIELD, MASS.

DO YOU HAVE AN

OIL BURNER
PROBLEM?

Mr. L. J. Whelan, in charge of
= the Oil Burner Department of
| the New York Technical Institute,
has prepared a book in EVERY
DAY LANGUAGE that takes
guessing out of oil burner work.
This book  teaches 'you how to
preserve existing oil burner equip-
® ment by proper treatment and
how to conserve fuel by keeping
your burner operating at maxi-
mum efficiency.

Both d ic and cial
burners are discussed thoroughly.

I SCIENTIFIC AMERICAN
| 24" West 40th "st.
|New York, N. Y.

Gentlemen:
IEnclosed find $2.50 for my copy

$2.50

in cash, of An OIL BURNER HAND-
check, or BOOK by L. J. Whelan. Please
money | mail to
order Name
IAddress
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Our Book Corner

THE BOOK DEPARTMENT of Scientific American is con-
ducted, with the co-operation of the Editors, to make available
for you a comprehensive book service. Each month the Editors
select and review in these columns new books in a wide range
of scientific and technical fields. In addition, they are ready
at all times to advise you regarding the best available books
on any subject. You are invited to use this service freely.
Tell our Book Department what kind of books you want and
you will be furnished with a list of available titles, including

prices.

When inquiring about books, please be specific;

remember that we can be of the greatest help only when
you tell us just what you are looking for.

. MACHINE TOOLS AT WORK

By Charles 0. Herbh

PECIAL book for advanced machinists

and shop executives who seek a
broad knowledge of the most advanced
methods of equipping for and perform-
ing the more unusual operations on many
different types of the latest, most modern
machine tools. Author is associate edi-
tor of Machinery. The illustrations were
secured from many of the most progres-
sive plants in the nation, doing most ex-
acting work such as airplane engines and
ordnance. A crutch book for less ad-
vanced plants that are now struggling
to catch up or keep up in the war-order
race. (552 pages, 5% by 9 inches, 410
illustrations.)—$4.10 postpaid. —A4. G. I.

YOUTH MUST FLY
By E. F. McDonald, Jr.

N EXCELLENT over-all case for gliding

as a basis upon which to build a
truly air-minded nation which, in turn.
can create an all-powerful air-transport
system and a military air force second
to none. Filled with an unbounded faith
in American youth, the author would train
these youngsters, from the early ’teens,
to get the feel of the air through safe,
relatively inexpensive instruction in
gliders and sailplanes. From first-hand
experience, Commander McDonald knows
what the “ham” operators did for radio
during the 1920’s. He has seen these
amateurs out-do the “professionals” at
every turn; he has seen them accomplish
the impossible, largely because*they re-
fused to be hidebound by tradition. The
present generation of youngsters, he holds,
can do for aviation what the “hams” have
done—and are still doing—for radio. Give
them the opportunity to glide, to soar
with the birds, and there will be created
a vast pool of sound material from which
to draw the pilots and technicians of the
near future. If the war lasts very long,
these youngsters will be available for
rapid training in the armed forces; they
will have been pre-selected by their
work with gliders.
they will be as ready to further the de-
velopment of air transportation as were
the “hams” in the field of radio. All this
and much more is forcefully developed
in the pages of this book. The first three
chapters, especially, give such a build-up
to the sport of gliding that the reader
will be completely lacking in imagination

| if he is not mentally carried out of his
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When peace comes,.

easy chair into the quiet realms of the
birds. Definitely recommended reading
for everyone with the least interest in
aviation. (Incidentally, Major Al Wil-
liams, who as early as 1923 proposed the
use of dive-bombing tactics which have
since been widely used by the air forces
of the world, has publicly and vigorously
advocated the use of gliders for prelimi-
nary training of airmen. Commander
McDonald presents Major Williams’ ar-
guments in concise form.) Coyers glid-
ing fundamentals, gliders in defense and
as military weapons, a bit of history, and
a glimpse of the future. Appendices deal
with licenses and regulations, gliding or-
ganizations, schools and clubs, and
gliders manufactured in the U.S.A. (222
pages, 534 by 834 inches, 61 photographs,
drawings of manufactured gliders.)—
$2.60 postpaid—O. D. M.

ELEMENTS OF SPHERICAL TRIGONOMETRY
By James E. Thompson

PHERICAL “trig” is usually presented

as a sort of brief tail in plane trig
texts, but here the tail is expanded into
a separate and longer, more detailed book
intended as a class-room text and for
self-study, especially by students . of
geodetic surveying and nautical astron-
omy. However, this book avoids the
greater length and detail of the complete
theoretical treatise. The presentation is
rather formal. (144 pages, 5% by 7%
inches, 30 figures.)—$1.75 postpaid.—
A G. I

PLANE TRIGONOMETRY MADE PLAIN
By Albert B. Carson

RDINARY textbooks of mathematics

traditionally present only the bare
bones of their subjects, usually in the
most frigid, formal, conventional form.
Here, however, is an author, instructor
of mathematics at Louisiana State Uni-
versity, who departs from the “keep ’em
mystified” tradition and discusses. “trig”
in greater detail than most authors. Not
only that, but the book reads just as if
the author had a heart and actually dared
let. the fact show through that he cared
whether. trig could be implanted with
less than maximum suffering. This is not
to say that this book makes trig easy;
the student still must himself supply
about 99.44 percent of the horsepower
and probably always will. But the sym-
pathetic feeling evident in this book
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should act as a stimulant, especially to
home users. Emphasis is on practical
applications more than on mental gym-
nastics for mere  torture’s  sake.
Logarithms are explained lucidly. The
student should once have studied algebra,
including quadratics, and plane geometry.
Despite its five-syllable name trig isn’t

formidable—not as hard as geometry
when geometry is first tackled. (389
pages, 5% by 84 inches, 197 figures,

log and trig tables.)—$2.85 postpaid.
—A. G. L.

THE ELECTRON MICROSCOPE
By Burton and Kohl

HERETOFORE. literature on the electron
microscope has consisted only of (1)
articles in professional journals, difficult
of access to the average reader, also ab-
struse and incomplete; (2) popular ar-
ticles, too brief to cover the full technical
details. This new work, the first cov-
erage of the subject in book form, is
scientific—enough so to satisfy the aver-
age technical man up to the level of
professional physicist, but with each tech-
nicality explained as it is brought up so
that readers who have studied (and per-
haps partly forgotten) high-school science
and mathematics can in each instance
make the approach. In other words, such
a book as would, for example, satisfy
engineers and equals as being solid and
substantial, and not fluffy. Not a “popu-
lar” account in the average sense: more
meaty. Authors are respectively a physi-
cist who has specialized in electron
microscopy and a radio engineer. (233
pages, 6 by 9 inches, 134 illustrations.)—
$3.95 postpaid—A4. G. 1.

PHOTOMICROGRAPHY
By R. M. Allen

TREATISE for the microscopist who
wishes to enter this advanced phase of
his work. Fundamental principles, equip-
ment, homemade equipment, technique,
special processes, microphotography,
photographic processes, materials and
equipment, illustrative photomicrographs
—these indicate the scope of this solid
work which is not superficial or sketchy
but rather technical, and which is recom-
mended to those who already know some-
thing of the art of microscopy. It is a

sequel to the author’s “The Microscope.”

(365 pages, 6 by 9 inches, 225 illustra-
tions.) —$5.60 postpaid—A. G. I.

WO00D TECHNOLOGY
By Harry Donald Tiemann, M.E., M.F.

NIQUE—there’s no other book like this

in the English language. It digs more
deeply into the subject of wood, and
covers that subject from more aspects,
than any other available work. The
author is Senior Wood Physicist at the
United States Forest Products Labora-
tory. Content: what wood is; life of a
tree; structure of wood; wood identifi-
cation; cell wall structure; chemical
utilization of cellulosic fibers and syn-
thetic  substitutes; paper and pulp:
shrinkage and swelling; wood compared
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The Editors Recommend

THE ENGINEER’S SKETCHBOOK OF MECHANICAL MOVEMENTS
—By Thomas Walter Barber. Working drawings of practically every
conceivable movement, device, appliance, and contrivance employed in

the désign and construction of machinery for every purpose.

3000 illustrations.

ELEMENTS OF ORDNANCE—
A textbook prepared for cadets of
the United States Military Acad-
emy. Covers manufacture, the
chemistry of explosives, types of
weapons, mathematics of ballistics,
etc. $6.60

SUPERSONICS—By Prof. R. W. Wood. A great
deal of data on science of inaudible
every aspect, physical and biological, by a noted
Has bibliography of articles on

physicist-inventor.
subject in many journals.

PROCEDURES IN EXPERI-
MENTAL PHYSICS—By John
Strong, Ph.D. A wealth of useful
data of a practical kind for the
constructor,  experimenter, and
skilled craftsman. $6.80

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

MATHEMATICS — ITS MAGIC
AND MASTERY—By Aaron
Bakst. Investment in approach
to algebra, geometry, trigonometry,
with time-savers. $4.10

TURRET LATHE OPERATOR’S MANUAL—By
Longstreet and Bailey. Expert lathe operators are
needed in national defense work. This book gives a
th'orough course in lathe operation.

WHAT THE CITIZEN SHOULD
KNOW ABOUT THE ARMY—
By Harvey S. Ford. Plain in-
formation for the average layman
concerning the organization of the
army, functions of enlisted men
and officers, the different services,
and the conduct of war. Author
is a reserve officer and assistant
editor of an artillery journal.

Nearly
$4.35
PRIMARY GROUND STUDY
MANUAL—Official CAA infor-

mation on all phases of aviation.
Also digest of Civil Air Regula-
tions for student and private pilots.

$.50

AIRCRAFT
sounds, their
described for

$2.10

MACHINERY’S HANDBOOK—
Eleventh Editien. ‘‘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

of all kinds. who invented
ecomprehensive
$1.00

professional.

‘WORKING WITH THE MICRO-
SCOPE—By Julian D. Corring-
ton. For the serious  beginner.
Explicit, practical. $3.60

$2.60 of use.

MILITARY BASIC COURSE—
By Capt. Frank X. Cruikshank.
Complete story of Army operations
in handy pocket volume.  Paper
binding. $1.10; Fabrikoid. $1.85

INSTRUMENTS—By George
Ervin. All types
students, pilots, inspectors.
mentals, instructions.

Best
Sellers

m Science

PLASTICS CATALOG 1942—
More than a catalog, this book
contains a group of informative
articles that makes it an invalu-
able source of information and
reference for anyone interested in

plastics. $5.00

Ellis
of instruments for aircraft use
Funda-
$5.10

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

THE COMPLETE GUIDE TO SOILLESS GAR-
DENING—By Dr. William F. Gericke.

The man

soilless gardening has prepared this
and authentic
phases of this fascinating work.

guide covering all
For amateur and

$1.95

TOOL MAKING—By C. B.
Ceoles. Instruction for making and
using all kinds, from personal tools
to arbor presses, lathes, planers,
etc., in different metals. $3.60

BOMBS AND BOMBING—By Willy Ley. A fairly
technical account of the things that every civilian
should know about bombs, their action and methods
Contains 121 pages, with a few illustrations.

$1.35

PROCEDURE HANDBOOK OF
ARC WELDING DESIGN AND
PRACTICE — Lincoln Electric
Co. Sixth edition of a famous
book covering every phase of arc
welding in detail. Limp leather-
ette. 1117 pages, several thousand
illustrations.
In U. S. A.
Elsewhere

$1.50
$2.00

$2.60

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

$2.60

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

AUTOMATIC

Haven.

ATOMIC ARTILLERY—BYy John Kellock Robert-
son. Eleotrons, protons, positrons, photrons, neu-
trons, and cosmic rays, all described for the layman
in plain language. Also transmutation of the ele-
ments and the manufacture of artificial radio-activity.

$2.35

RADIO TROUBLESHOOTER’S HANDBOOK—
By Alfred A. Ghirardi. For radio service men, en-
gineers, experimenters, amateurs. Technical aspects
of radio. $5.10

ARMS—By Mel-
vin M. Johnson and Charles T.
Comprehensively
machine guns, machine rifles, sub-
machine guns, pocket pistols. shot-
guns, sporting, military rifles in
automatic classification.

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

THE NEW ENCYCLOPEDIA
OF MACHINE SHOP PRAC-
TICE—By George W. Barnwell.
A “must” for the library of any-
one whose interest even remotely
touches on mechanics. Text covers
all types of machines and their
uses in practical work. $2.00.
With flexible cover, thumb in-
dex. $2.50

covers

$4.60

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

For Sale by:

The above prices are postpaid in the United
States. Add, on foreign orders, 25c¢c for
postage on each book, except as noted.
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Many of These Titles Reduced For The First Time

QUANTITIES LIMITED
PLACE YOUR ORDER NOW

Title
Author
GERMAN FOR CHEMISTS............... De Vries ......
CHEMICAL FRENCH.........ccoovuuuu. Dolt oo,
TECHNICAL ANALYSIS OF ORES AND

METALLURGICAL PRODUCTS........ Hills ..........
MOTOR DICTIONARY................... Dierfield
VOL. 1 GERMAN-FRENCH-ENGLISH.... .. .. . .. . .. ..
VOL. 2 ENGLISH-FRENCH-GERMAN.... ... . ... . .. .. ..
VOL. 3 FRENCH-ENGLISH-GERMAN .... ... . ... ... .. ...
REINFORCED CONCRETE CONSTRUC-

TION oo et e Cantell ........
EMBALMING FLUIDS..............cco.... Mendelsohn ....
STORY WEAVING........ciiiiiiiiiiann, Vivian .........
HAIR DYES. ... it Redgrove ......
PALEOZOIC FISHES............c........ Moy-Thomas ...
UNEMPLOYMENT AND THE UNEM-

PLOYED ...t Singer .........
MAGNESIUM & ITS ALLOYS............ Haughton ......
ANIMAL LIFE IN FRESH WATER...... Mellanby ......
BEVERAGE MANUFACTURE............ Morgan ........
LEATHER FINISHES.................... Mudd .........
WHITE SHOE DRESSINGS.............. John ...........
PERCEPTION OF LIGHT................ Wright ........
CANNING PRACTICE & CONTROL...... Jones ..........
PORTLAND CEMENT.................... Meade .........

BOOK OF GARDEN IMPROVEMENTS..Brett

ASTHMA i Vander ........
CATARRH ... it e Vander ........
PHOTOGRAPHY FOR PROFIT.......... “Nettel” .......
FOREIGN EXCHANGE................... Docker ........
YOJR CHILD & BEAUTY................ Howe .........
YOUR CHILD & HEALTH................ Cooper ........
YOUR CHILD & DIET...............o.t. Pink ..........
QUALITATIVE ANALYSIS.............. Mason ........
SPARKING OF STEEL................... Pitois ..........
MINERALOGY OF ARIZONA...........:Guild ..........
BRITISH CHEMICAL INDUSTRY....... Miall ..........
THERMIONIC PHENOMENA............ Block ..........

BEET SUGAR CHEMISTS HANDBOOK.Moeller-Krause .
REINFORCED CONCRETE IN EUROPE. Colby
NOTES ON CHEMICAL ANALYSIS..... Craig

RESEARCH NARRATIVES VOL. I....... Flinn ..........
RESEARCH NARRATIVES VOL. II...... Flinn ..........
RAINMAKING ..., Humphreys
OIL SALESMAN’S PRIMER.............. Ettle ...........
WOOD, LUMBER & TIMBER............. Haywood ......
PROCTOR’S LEATHER CHEMISTS

POCKET BOOK . ittt ittt Atkin&Thompson

VARNISH MAKING (A SYMPOSIUM)

BOOK OF DIAMONDS................... Hershey .......
TECHNOLOGY OF SOLVENTS.......... Jordan .........
UTILIZATION OF FATS................. Dean ..........
TAKING THE MERCHANDISE INVEN-

TORY oot e e Jackson ........
CHROMOSOMES . White .........
STRUCTURE OF METALS AND AL- .

LOYS i Hume-Rothery
WATCH AND CLOCK MAKERS HAND-

BOOK ..o Britten ........
INSECT PHYSIOLOGY................... Wigglesworth ..
LIGHTING AND PHOTOMETRY........ Walsh .........
PYROTECHNY .........cciiiiiiiiiien.. Weingart ......
WEATHER PREDICTION...... [P Lester .........
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——OUR BOOK CORNER——

with other materials; cause of collapse;
reduction of shrinkage; kiln-drying and
stresses; electrical methods of drying
and gluing; mechanical properties of
wood ; density and absorption of liquids;
effect of various periods of different tem-
peratures and humidities; biological de-
structive agencies and preservation meas-
ures; wood identification classifications.
No significant feature pertaining to wood
has been omitted, and much of the in-
formation presented is new. Few will be
the instances in which the owner and
student of this compact, meaty, technical
—but not apstrusely technical—work will
not be able to deepen his scientific insight
into wood considerably more than that
of those around him. (316 pages, 6 by
9 inches, 85 illustrations.)—$3.60 post-
paid—A. G. I.

STORM
By George Stewart

LITERARY luminaries acclaimed this book
because, as a novel, it was unique:
the story’s hero is a cyclonic storm.
Scientists acclaim it because its hero
performs according to the science of
meteorology. The author is a professor
of English, and he has used the progress
of a typical cyclonic whirl roaring across
these United States as a skeleton on
which to hang a long series of narratives
of the storm’s effects on the lives of
ordinary peeple in the course of its path.
Readable, essentially, as a vivid, stirring
story having authentic scientific back-
ground checked by meteorologists. (349
pages, 5% by 8 inches, unillustrated.)—
$2.60 postpaid—A. G. I.

LANGUAGE IN ACTION

By S. I. Hayakawa
A CANADIAN-AMERICAN, assistant pro-
fessor of English at the Illinois In-
stitute of Technology, is the author of
this “guide to accurate thinking.” It is
an easy, elementary treatise on semantics,
the science of the meaning of words,
which in recent years has become a sub-
ject of much interest and attention. Half
our life’s troubles can be traced to basic
misunderstanding of words, the conven-
tional intermediaries by which thoughts
are conveyed from one brain to another,
if they don’t become altered in sense en
route. A study of this little book should
greatly help to clear one’s thought
processes—also to facilitate the proper
evaluation of propaganda and faulty argu-
ment. (245 pages, 5 by 7% inches, un-
illustrated.)—$2.10 postpaid—A. G. I.

In a review of the book *Nos-
tradamus Sees All” by Andre
Lamont, published in this depart-
ment in the May number, the state-
ment was inadvertently made that
the astrologer Nostradamus fore-
told World War I, Nazism and
other specific recent events. The
intention was to state instead that
the astrologer allegedly foretold
these events.—Eds.
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CURRENT BULLETIN
BRIEFS

(T-he Editor will appreciate it
if you will mention Scientific
American when writing for any
of the publications listed below.)

Tue Seconp MiLg, by William E. Wick-

enden, is an eight-page reprint from
Electrical Engineering which will serve
to clarify the goal to be set before young
engineers and to give a better understand-
ing on their part of the opportunities,
obligations, and ethics of engineering. It
gives an enlarged professional understand-
ing and consciousness of this unfortunately
little-understood group. Engineers’
Council For Professional Development,
Engineering Societies Building, 29 West
39th Street, New York, New York.—
10 cents per copy, $3.00 per hundred.

AN INTRODUCTION TO SHIPBUILDING is a

a 70-page text originally compiled by
Bethlehem Steel Company to familiarize
new shipyard workers with all phases
of shipbuilding from blueprints to fitting
out of crews’ quarters. Its plans, its
glossary of terms, and illustrative dia-
grams for each are now available in
lively, understandable style to a ship-
conscious nation through joint sponsor-
ship of the WPB and Bethlehem Steel
Company. Superintendent of Documents,
U. S. Government Printing Office, Wash-
mgton, D. C.—20 cents.

PossIBLE ALTERNATES FOR NICKEL, CHRO-

MIUM AND CHROMIUM-NickeL ConN-
STRUCTIONAL ALLoYy STEELS is a 144-page
bulletin describing four completely new
series of alloy steels designed to make the
nation’s limited reserves of strategic
metals go further and help build more ma-
teriel of war. American Iron and Steel
Institute, 350 Fifth Avenue, New York,
New York—50 cents.

APPLE VARIETIES is a bulletin describing

the important climatic and topographic
features of the main apple-producing sec-
tions of the United States; insect and dis-
ease conditions; and characteristics of
leading varieties. Bulletin FB1883. Office
of Information, United States Department
of Agriculture, Washington, D. C.—
Gratis. '

Here’s How To HanbpLE IT is a 16-page

illustrated bulletin describing a wide
range of belt conveyors for handling bulk
materials in industry and on engineering
projects. Bulletin No. 410. Chain Belt
Company of Milwaukee, Milwaukee, Wis-
consin.—Gratis.

FIREPROOFING is a copy of a report pre-
sented to the American Wood Pre-
servers Association for the benefit of
engineers, architects and others interested
in fireproofing methods for wood. Mr. H.
L. Dawson, 1427 Eye Street, N. W.,
Washington, D. C.—Gratis.

Prating ConNvEYoR BULLETIN gives il-

lustrations and detailed descriptions
of the construction and improved features
of these conveyors. It describes various
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types of drives, a wide range of carriers,
methods of agitation and ventilation, and
the operation of machines. Profusely il-
lustrated. Request Bulletin SA-101. Han-
son - Van Winkle - Munning Company,
Matawan, New Jersey.—Gratis.

Fractions, WHY THEY ARE DIFFICULT

AND THE REMEDY, is a 19-page
pamphlet on the octic system of numera-
tion. E. M. Tingley, 221 North Cuyler,
Oak Park, Illinois.—Gratis.

RepPorT oN ExPERIMENTS WiTH CoOLCHI-

CINE BY LAYMAN ScCIENTISTS, by
Eigsti and Tenney, contains practical in-
structions for: producing hereditary
changes in plants by applying colchicine
to the growing portions. University of
Oklahoma Press, Norman, Oklahoma—
35 cents.

Tue NEXT STEP AHEAD IN FLUORESCENT

LIGHTING is a folder describing briefly
the newest type of cold-cathode fluores-
cent tubes which start instantaneously
when the switch is operated, and which
have numerous advantages over the
familiar fluorescent tubes which have a
time lag in starting. Fluorescent Lighting
Association, 509 Fifth Avenue, New York,
New York—Gratis.

SaFe INvesTMENTS is a file folder con-

taining loose inserts describing vari-
ous types of protection equipment for in-
dustrial plants. These range from
welders’ masks, anrons, and capes
through hand-protecting gloves to vari-
ous types of goggles and protective cloth-
ing. Kimbal Safety Products, 7314 Wade
Park Avenue, Cleveland, Ohio.—Gratis.

WEe’ve CoMe A Lone WAY is an elab-

orately produced brochure tracing
the development of the American stan-
dard of life and of the part which porce-
lain enamels have played in this develop-
ment. Partly “human interest” and
partly devoted to excellent illustrations
of steps in the process of manufacturing
these enamels. The Hoffmanw Brothers
Company, Charles Street at 22nd, Balti-
more, Maryland—$1.00.

TAYLOR INSTRUMENTS FOR PRESSURE is a

24-page bulletin illustrating and de-
scribing’ various types of instruments for
indicating, recording, and controlling
pressures -in industrial operations. Taylor
Instrument Companies, Rochester, New
York.—Gratis.

WARTIME EMERGENCY FIRST Am is a

single sheet describing various types of
first-aid equipment for factories and of-
fices, as well as stretchers, asbestos suits,
protective helmets, and other equipment
for air raid protection. E. D. Bullard
Company, 275 Eighth Street, San Fran-
cisco, California—Gratis.

LycomiNG AIRCRAFT ENGINES is a four-

page folder presenting flight views of
the numerous types-of Lycoming-powered
training planes as well as illustrations
and brief descriptions of five types of
engines ranging from 50 to 300 horse-
power. Department B, Lycoming Divi-
ston, The Aviation Corporation, Williams-
port, Pennsylvania.—Gratis.
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IN WAR TIME
Finger Print
Identification

is a valuable asset to you and to each
of your employees—a proved measure
of protection for both the " individual
and the organization to which he
belongs.

Supply your personnel department
with

Frederick Kuhne's

“THE FINGER PRINT
INSTRUCTOR”

so that all in your employ—including
the management—may have this pro-
tection. By a noted finger print expert,
formerly of The Bureau of Criminal In-
vestigation, New York Police Depart-
ment, this volume instructs in every
phase of {inger print operations.

USED BY UNITED STATES GOVERNMENT
AND BY THE F. B. I.

$4.25 Postpaid
Published by

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

HOPKINS’

CYCLOPEDIA
OF
FORMULAS

Is the foundation for the be-
ginning of a fascinating hobby;
the groundwork on which to
build a practical knowledge of
useful chemical facts.

Are You —.

,~—=putting your spare time to good
advantage ?

,~="one of the many who are seek-
ing a new field to enter?

,~m—"3eecking a means to save meney
wherever possible?

If you are, here is

a practical solution
to your problem.

Wines and liquors; dyes, inks,
polishes, soaps, paints and var-
nishes, adhesives, antiseptics,
bleaches, cosmetics, etc., are in-
cluded.

15,000 formulas; 1077 pages.
$5.50 postpaid (domestic)

For sale by
SCIENTIFIC AMERICAN
24 W. 40th St., New York City, N. Y.
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TELESCOPTICS

A Monthly Department for the Amateur Telescope Maker

Editor of the Scientific American books ‘‘Amateur Teles

UNFORTUNATELY, there is no book on
amateur spectroscope making — nor
even an amateur’s book on spectroscope
using. Potential market for such a book
is probably too limited to make it pay its
own way (say 3000 copies sold) but this
department will rejoice if any writer ever
disproves this theory. Until then the
amateur spectroscopist will have to do
the best he can with what he has: a few
technical works on spectroscopy (cited
in these pages, March, 1941), and here
and there a description by some amateur
who made a spectroscope despite the lack
of an ideal, all-around handbook.

Such an amateur is R. M. Watrous,
M.D,, 1924 Flora Place, Highland Park,
I1l.,, and his account, written by request,
follows:

“The concave grating spectrograph is
undoubtedly the simplest of all types for
the amateur to construct because it has
only one optical surface, requires no
collimating or objective lenses, and can
be constructed to give almost any desired
amount of dispersion. The essential opti-
cal part can be bought for $4.50 and up;
the rest of the instrument for the most
part can be made of wood and scrap
brass, and does not require elaborate
machining. Scientific supply houses, such
as the Central Scientific Co., Chicago,
list in their catalogues a variety of
replica gratings made by taking collodion
impressions of famous gratings ruled on
glass. These are offered in three grades
at three sets of prices, depending on the
degree of faithfulness with which the
original rulings are reproduced. The me-
dium grade has been found to give amply
good performance in the instrument to
be described. Replica gratings can be ob-
tained mounted on silvered spherical con-
cave mirrors of various focal lengths, and
one of these is the only optical part
needed for a concave grating spectro-
graph.

“The concave grating spectrograph
may have various forms, but all are dic-
tated by the optical principle laid down
by Rowland, which states that the slit,
the grating, and the spectrum must all
three lie on the circumference of a circle
whose diameter is equal to the radius of
curvature of the mirror on which the
grating is mounted. The mirror and the
spectrum must lie at opposite ends of
one diameter of the circle, in order to
have images of the slit in focus, so the
only possible variations in design must be
obtained by changing the location of the
slit along the circumference of the circle.
In practice, the parts are arranged as
shown in Figure 1.

“In order to understand how images
are formed by a concave grating, it is
worth while to imagine the mirror on
which the replica is mounted set up fac-
ing the observer as for a Foucault test,
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using a slit at the center of curvature as
the source of light. Under such circum-
stances, the image of the slit will be cast
back upon it, and a percentage of the
light striking the  mirror will be - re-
turned. However, the grating will cause
some of the light to be diffracted, with
the result that varicolored images of the
slit will be formed both to the right and
to the left of the direct image. Thus there
are two first-order spectra. To the right
and left of these respectively will be
another set of colored images, forming
the second-order spectra, and beyond
these will be third-, fourth-, and wuth-
order spectra, each fainter and more
-spread out than the last. If the slit be
now moved to one side sufficiently, and
also be brought closer to the mirror, to
preserve the relationships of Rowland’s
circle, the direct image of the slit will
move in the opposite direction, as will all
the spectra, until a position is reached in
which the images will lie in the positions
shown in the figure. By moving the slit
still farther, the second-order spectrum
could be brought opposite the mirror.
[Detail in extension of this particular
paragraph, by Dr. Watrous, may be bor-
rowed from this department on request
by readers interested in this type of spec-
troscope.—Ed.]

“Having determined the dimensions re-
quired to secure the relationship shown
in the figure with any given concave grat-
ing, it is necessary only to construct a
box to support the parts and exclude
light, and one has a spectrograph. A
film-holder may be made, to support
films at the point where the spectrum
comes to focus, or a telescope eyepiece
may be supported at this point for direct
observation. With such an instrument,
clear spectrograms may be obtained 8”

OUTLINE OF CAMERA BOX2

GRATH?

cope Making’’
"

long, showing hundreds of details such
as Fraunhofer lines. The light obtained
by sparking two iron nails across the
terminals of a storage battery will give a
beautiful line spectrum of iron. Light
passed through solutions of hemoglobin,
dyes, chlorophyll, and others, will show
characteristic absorption bands. Bunsen’s
famous experiment with the sodium flame
can be performed; and so on.

“In choosing a grating, a few facts
should be kept in mind. The degree of
dispersion (and thus the length of the
first-order spectrum) is proportional to
the number of lines per inch in the grat-
ing and to the focal length of the mirror.
The resolving power, however, depends
on the area of the grating and the accur-
acy of the ruling. The spectrograph
shown (Figure 2) contains a medium
grade grating of about 40” radius of cur-
vature, with 14,500 lines to the inch and
a grating area of about 2 x 3 centimeters.

“The box is made of plywood, painted
black inside, and with light baffles located
at strategic points. The adjustable slit
mechanism is on the left. The sliding ad-
justment for the film-holder is on the
right, actuated by the two vertical screws.
In Figue 2 the film-holder has been re-
moved and is resting on top of these
screws, its slide pulled two thirds of the
way out to show how it is loaded. The
main body of the camera extends into the
background, with a small square porthole
in the far end to give access to the ad-
justments of the grating mount. [In Fig-
ure 1 the slit is on the right of the spec-
trum but it matters not—Ed.]

“The slit of a spectroscope is one of
the essential parts, since every detail of
the spectrum is actually an image of the
slit. Its edges should be as smooth and
as parallel as the maker’s skill can con-
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Figure 1: General plan of the concave grating type of spectrograph
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trive, and one may lavish as much or as
little care on it as he wishes. For ordi-
nary work, a slit 0.002” to 0.003” in width
is suitable, and there is very little actual
use for an adjustable width. Provision
should be made for rotating the slit
mounting to line it up parallel with the
ruling of the grating for best definition,
and it should be mounted in a draw-tube
so that its distance from the mirror can
be varied slightly for focus.

“The jaws of the slit may be made of
brass and should be filed to a chisel edge
and then sharpened like a chisel on a flat
piece of plate glass, using finishing em-
ery. After the edge is sharp, it may be

Figure 2: Watrous’ instrument

placed on a very clean, smooth piece of
plate glass and gently pressed down. This
will smooth out the “saw” edge and give
a perfectly straight line. The two jaws
should then be placed in their channels
and closed gently together in front of a
strong light. I believe that irregularities
of less than .001” can be detected with
this test. The most difficult part of an
adjustable slit to make is the parallel
channels in which the jaws are to slide.
Not having a milling machine, I built
these up out of strip brass. [By using a
principle to be described next month, this
problem is avoided.—Ed.]

“Thirty-five millimeter film is very
useful for making spectrographs, and a
holder may readily be designed to accom-
modate strips long enough to take in the
full length of the spectrum. The film
should be held in a curve conforming to
Rowland’s circle. Though it adds con-
siderably to the problems of construction,
a slide which permits the film holder to
be moved at right angles to the length of
the spectrum in the same piane-will prove
well worth while, since it allows up to
ten spectra to be made on one film, with
all' the advantages of being lined up for
comparison with one another. With such
an arrangement, a narrow slit-like mask
should be placed just in frent of the focal
plane so that each spectrum occupies a
strip about 2 mm wide running the length
of the film.

“The grating mount, as all telescope
makers will realize, must be adjustable as
to tilt in two dimensions, and it must have
an adjustment for rotation about the
mirror axis, in order to line up the rul-
ings in a vertical position.

“Light sources are many and varied,
but the ordinary incandescent filament
lamp gives a disappointing spectrum.
Sunlight, with its thousands of Fraun-
hofer lines, furnishes material for many

JULY 1942 -

Each kit has two glass dics (correct
thickness) tempered pitch, 8 assorted
abrasives (fewer may not give perfect
optical surface), rouge, instructions,
etc. When your mirror is finished, re-
turn it to us for FREE test and written
report, by Dr. J. M. VURE, Opt.

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”7 Kit. .14.75 (Pyrex, 22.50)

COMPLETE HIGH- GRADE KITS OUR SPECIALTY

Write for FREE ILLUSTRATED CATALOGUE.

Free Aluminum Diagonal
with Each Kit
POLISHING and PARABOLIZING
MIRRORS, all sizes, made to order.

ALUMINIZINGAharder

and brighter aluminum coating that
is uniform and produces a lasting and
superior reflecting surface. Guaran-
teed not to peel or blister.

"

............ $2.50
8" ... $3.50
10" ... $5.00

THE PRECISION OPTICALCO.

| 1001 EAST lGGrd STREET

NEWYOHKNY

KITS OUR SPECIALTY

4” kit. . g 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

Made to order, correctly figured, polished, and
parabolized. Precise woikmanship guaranteed.
Prices on request.

WE DO POLISHING, PARABOLIZING AND

ALUMINIZING

(Send for our NEW, ENLARGED, and ILLUS-
TRATED catalogue.)

M. CHALFIN
G.P.O. Box 207, New York, N. Y.

When you write to
advertisers

® The Editor will appreciate
it if you will mention that

" SCIENTIFIC
tin AMERICAN

For Scienlific and Technical Books
Try our BOOK DEPARTMENT
SCIENTIFIC AMERICAN

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

Surface Hardened

ALUMINIZED

Coatings

are uniformly 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
mirrors which are famous throughout the
world. Have your mirrors coated with the
best.

Prices: 4"—$1.75, 6”"—$2.50, 8”"—$3.50,
10”—$5.00 and 1215—g8.00. Up to 36”
on request.

LEROY M. E. CLAUSING
720 Greenwood Ave. Wilmette, lil.

John M. Pierce

TO MAKE A GOOD TELESCOPE

is a most fascinating experience. We know, for we have made a

lot of them, experimenting with all sorts of glass and abrasives.

Exgperience indicates two “Musts” for making a good telescope.
USE ONLY GOOD MATERIALS. The cost of the best is so

little that it is foolish to *‘bargain hunt”

waste hours of work and care with failure at last.

FINE GRIND THOROUGHLY. It is not difficult to get a
perfect polish if the right abrasives are used persistently enough.
Twenty-two years of experience enables us to supply:

1. The best glass of the right thickness.

2. The proper assortment of abrasives to give the best surface with
a minimum of labor. Our abrasives are supplied in tin cans. To
use punch a hole and sprinkle. Seal between times with adhesive.

3. Our famous #6 for the final grind, which materially shortens

polishing time.

4. Ready Tempered pitch, and best rouge, for polishing.

KITS. The above selected materials combined in a set, with instruc-

tions for making a complete telescope.

size this costs only $5.00. This includes a test of your completed
parabolic mirror with advice for correcting any errors found.

Write
11 Harvard St.

and almost certainly

For the six-inch aperture

for catalogue of supplies.

Springfield, Vermont

SCIENTIFIC AMERICAN
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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 Profusely illustrated

$4.00 postpaid, domestic
$4.35 foreign

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

Ouwners of

“AMATEUR TELESCOPE MAKING”

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

the optical hobby in the companion
volume

“AMATEUR TELESCOPE
MAKING—ADVANGED”

This

from “Amateur Telescope Making.”

is a wholly different book

359 illustrations

Over 300,000 words

650 pages

$5.00 postpaid, domestic
$5.35 foreign

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

Printed in the U. S. A.

SCIENTIFIC AMERICAN -
TELESCOPTICS

hours of study, but one must secure the
co-operation of some patient soul to
wield a mirror in order to direct the
light into the slit, or else make a heliostat.
If photographs ‘are made, of-course, they
can be studied at any time.

“Carbon arcs give fine line spectra, and
are excellent for collimating the .instru-
ment. Cored projection carbons, 5/16”
size, will operate well on ordinary house
current if the arc is placed in series with
a cheap heating element or electric iron
drawing about 500 watts. If the carbons
are removed from this circuit and re-
placed by iron nails, copper wires, alumi-
num, brass, nickel, or lead rods, light ¢an
be produced by making and breaking the
contact, which will give beautiful bright-
line arc spectra of the metals. These
flashes are too fleeting to study visually,
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from top to bottom: aluminum arc;
15,000-volt condensed spark between Al
electrodes; iron arc; spark between iron
electrodes; copper arc; copper spark;
nickel arc; nickel spark; spark between
platinum electrodes.

“Middle: Series of exposures made with
carbon arc for purpose of focusing slit.

“Bottom: Absorption spectra of hemo-
globin derivatives: carbon arc; next two,
light' from incandescent portion of carbon
arc passed through hemoglobin solutions;
next two, same through methemoglobin
solutions; next two, same through car-
bon-monoxide-hemoglobin (note shifting
of the two dark bands to the right) ; car-
bon arc.

“The two D lines of sodium are espe-
cially prominent in most of the negatives
made with light from the carbon arc.

Figure 3: Spectrograms obtained with the Watrous spectrograph (see text)

but can be recorded on film and the lines
can be identified with the aid of a table
of wavelengths.

“If the experimenter has a small trans-
former, such as is used for neon signs,
he can obtain spark spectra of metals by
causing the spark to jump between elec-
trodes of the. proper material. In order
to obtain emission of lines, however, a

“condenser must be placed across the

secondary of the transformer. The writer
found that a home-made, one-quart Ley-
den jar served this purpose very well,
though a more efficient and less bulky
condenser would be preferable.

“The light from neon signs, fluorescent
lights, and sodium vapor lamps will fur-
nish interesting material for study and
will also challenge the ingenuity of the
experimenter to find some way of making
it enter the instrument. On one occasion
I balanced my spectrograph, which is
about the size and shape of a baby’s
coffin, across the back seat of my car,
while my wife sighted it like a rifle at
a sodium vapor lamp and I held a con-
densinig lens so as to cast an image on
the slit. This was on a busy highway, but
fortunately the stunt took place at night!

“Figure 3 shows three contact prints
made from portions of negatives ob-
tained in the instrument. They extend

from the orange to the violet.- Violet is on

the right.
Top: Arc and spark spectra of metals;

They appear near the left margin in the
middle set of spectrograms, and serve as
convenient landmarks.

“Brode’s ‘Chemical Spectroscopy,” 1939,
is a fine technical work with 120-page
tables of wavelengths and other things
but no information on building spectro-
scopes. The old maestro of .the subject
was Baly, whose 3-volume ‘Spectroscopy’
was published in 1912, but this, too, is
pretty technical and is no longer in
print.”

NEXT month two or three shorter items
on amateur spectroscopy will be pre-
sented in this department.

STELLAFANE convention ¢f amateur as-
tronomers and telescope makers has been
called off this summer. War.

FROM Thomas Hindle, England, son of
the noted amateur telescope maker, J. H.
Hindle, the following cablegram has been
received: “Regret inform you my father
John H. Hindle, F.R.A.S., died on 17th
May aged 72. He was governing director
of Hindle Son and Co., Ltd., and had
many engineering inventions to his credit,
notably -the electric baling press and elec-
tric control for wide looms.” It is hoped
that further detail concerning Mr. Hindle
will later be made available for publica-
tion in this department.

Press of the Wilson H. Lee Company, Orange, Connecticut.



How A Big Business Man Appears To His Wife

“JOOK at him over there, grinning

L to himself! Strange how little a
man can change in fifteen years! The
big boss one minute—and like a little
boy the next!

“He was mostly ‘little boy’ before
we were married. He’d been coming
around for a couple of years, and I'd
just about given him up. Then, sudden-
ly, he was very much a man, rushed me
off my feet and almost before I knew
it, we were married.

“When we were newlyweds he was only
a bookkeeper, and he’d come home in
the evening all tired and discouraged.
Other fellows at the office had been
promoted, and he didn’t know what
to do about it. One night I forgot
myself and said, ‘If yox don’t do any-
thing about it, Mr. Stick-in-the-Mud,
no one else ever will!’ Then I was sorry,
when I saw how I'd hurt him.

“But it must have made him think
hard, because one evening the follow-
ing week he came home looking as
though he’d just robbed the piggy
bank. He told me he’d enrolled for a
course of executive training. He thought
I'd be angry, because we were still pay-
ing for the furniture. The ‘little boy’
and the man, all mixed up!

“After that, his whole point of view
toward business seemed to change. One
promotion followed another, until a
few years later he became Treasurer of
the company. Now he’s beginning to
surprise me. Says he expects to be
Vice President soon!

“Of course, he’s just as modest as
he ever was. He'll tell you he got the
breaks, but I know better. He gor the
breaks because he’d learned how to
grasp them when they came. He’s really
smart—and so was I when I said T do’

to a little boy turned man!”

L] L] L[]
What does the lady in yozr life think
of your success? Get more of the
Alexander Hamilton Institute’s story
in the famous little book, *Forging
Ahead in Business.” Tells how the
Institute’s timely training is helping
thousands of men to do a better busi-
ness job in these wartime days. Just
clip and mail the coupon—today!

Alexander Haomilton Institute, Inc.
247 Astor Place, New York, N. Y.

Please mail me without cost a copy of
“'Forging Ahead in Business.”

-
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Wanted: Future Faradays and Curies

ALL OVER AMERICA there are high school seniors. . .
boys and girls . . . who have potential scientific ability
and budding creative genius of a high order. These
talents are latent ... awaiting the opportunity for fur-
ther development through higher education.

To provide this opportunity, Science Clubs of America,
sponsored by Science Service, is now conducting an
Annual Science Talent Search . . . made financially
possible by Westinghouse. This Talent Search has three
major objectives:

1. To discover and foster the education of boys and
girls who possess exceptional scientific skill and
ability.

2. To focus the attention of large numbers of gifted
youth on the need for perfecting their creative and
research skill . . . as future contributions to winning
the war and the peace to follow.

3. To help make the American public aware of the role
of science in war and in the post-war reconstruction.

High school seniors, who enter the Science Talent
Search competition, must take special examinations
in their local schools to determine their aptitude for
science, and must submit essays and school records.

Each year, forty winning contestants are to be given
all-expense trips to Washington, D. C., during July
where they will meet some of the country’s foremost
scientists, visit scientific institutions, and take part in
scientific programs. While at the Nation’s Capital,
these embryo scientists will be given additional written
and oral tests.

Judges will then select the two most talented young-
sters . . . a boy and a girl . . . who will be awarded
Westinghouse Grand Science Scholarships of $2400 each.
Additional Westinghouse Science Scholarships . . . each
valued at $200 . . . will be given to eighteen contestants.

By aiding the education of these gifted boys and girls
today, we hope to help develop the scientists of to-
morrow who will lead the way in the advancement of
research and engineering.

We stinghouse

WESTINGHOUSE ELECTRIC AND MANUFACTURING COMPANY, PITTSBURGH, PENNSYLVANIA





