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TH E  peculiar object on our cover is a 16·inch 
astronomi cal telescope of the Hartness, en· 

closed, turret variety, permitting observation 
from within when winter winds or summer in· 
sects bite. It has a massive, slanting, concrete 
cap that rotates on rolls, carrying with it a 
diagonal flat mirror (here invisible ), a con­
cave mirror at the end of a framework, and a 
small opening through which the twice ·reflected 
light rays enter the cozy interior. On the nearer 
side is a long steel counterbalance. The photo · 
graph was taken at Stellafane , mecca of amateur 
telescope ma kers , near Springfield, Vermont , 
by Robert Cox. 
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50 YEARS AGO IN • • • 

(Condensed From Issues of March, 1890) 

REFRIGERATION-"Our food supply has been largely increased 
by the application of apparatus for mechanical refrigeration to 
ships. Our frozen meat trade with New Zealand is of recent 
development, and it has already reached enormous proportions. At 
present twenty· seven steamers and ten sailing vessels, all fitted with 
mechanical refrigeration machinery, are engaged in this trade." 

FIRE BOAT-uThe city of Boston has recently built and put into 
service a fire boat, designed for use as floating fire engine . . . 
The pumps . . .  are of verti· 
cal, duplex, double·acting 
flywheel type. They are di· 
vided into two sets, com· 
prising altogether 4 steam 
cylinders, 10 in. by 10 in., 
and 4 water cylinders of 
10 in. stroke and 9 in. diame· 
ter . . . .  In the illustration a 
good idea is given of the 
service that such a boat can 
perform. In addition to the 
two four·inch streams thrown 
from her forward deck un· 
der perfect control, a num· 
ber of lines of hose can be 
carried from the header, so 
as to deliver water to en· 
gines on shore. Thus the 
boat is not merely for the 
protection of the water front. Much useful service can be executed 
in a belt 2,000 feet wide around the shore line." 

TORPEDO BOATS-"Messrs. Yarrow & Co. have recently com· 
pleted six first·class torpedo boats of what is now reckoned the 
standard type. The boats are of galvanized steel, and are 130 feet 
long and 13 feet 6 inches broad. Their triple expansion engines 
will indicate about 1,150 horse power, and, with a load of 20 tons 
on board, will drive the craft at a maximum speed of rather over 
23 knots, or nearly 26lh miles an hour." 

AMMONIA FROM AIR-uThe production of cyanogen directly 
from atmospheric nitrogen has been made the subject of further 
investigation by F. Breneman . . .  which leads to the conclusion 
that while cyanides and ammonia may be thus produced experi· 
mentally, there are as yet insuperable difficulties in the way of 
adapting those methods to industrial purposes." 

STILL W ANTED-uThose who have spent a half hour or so trying 
to ring up a man at the other end of a telephone line, and have 
found out after much effort that there was no one there, would feel 
better if there was on the market something which would at once, 
when a box was rung up, give a signal stating that there was no one 
to receive a message, and how convenient if some attachment could 
be devised for communicating the time the person would return to 
receive the message." 

SUEZ-"Night traffic on the Suez Canal has increased very rapidly 
since electric lighting was started. Thus in 1887 there were in all 
371 night transits made, but in 1889 this number had increased to 
2,454 out of a total of 3,420, or upward of 71 percent of the vessels 
passing through the canal, and four·fifths of the total tonnage, used 
the electric light to assist them. At the same time the average 
duration of the passage has been reduced upward of 40 percent." 
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HORSES-UThe horseshoe of the present should be improved. 
There needs to be something which will save the hoof from undue 
wear and breakage, while at the same time permitting of elasticity 
of movement when the weight of the body is alternately borne upon 
and taken from it. It is suggested that an improved roadway is 
needed in this climate ; something th,at will wear as well as stone; 
be as easy to pull on as asphalt and give the horses' feet a good 
grip, so that they will not slip even in rainy weather." 

ALUMINUM-UThe aluminum industry is on a firm footing, both 
in Europe and America. There have sprung up two distinct lines 
of manufacture; the one a chemical process, and the other strictly 
metallurgical. The former produces pure aluminum, and continues 
to be a complicated process demanding skill and patience. The 
latter produces only the alloys of aluminum, and has been made 
extremely simple." 

PILLOWS-UThe latest fad in England is paper pillows. The paper 
is torn into very small pieces, not bigger than the finger nail, and 
then put into a pillow sack of drilling or light ticking. They are 
very cool for hot climates, and much superior to feather pillows . . .  
The finer the paper is cut or torn, the lighter it makes the pillow." 

WOOD AS FOOD-"In an address delivered at Heidelberg, by 
no less eminent an authority than Victor Meyer, it is announced 
that 'we may reasonably hope that chemistry will teach us to make 
the fiber of wood a source of human food.' . . .  It must be borne 
in mind, however, that theory, fascinating and promising though 
it may be, is not always capable of being followed up by a practical 
result. " 

PHONOGRAPHS-"The Automatic Phonograph Exhibition Com· 
pany, of New York City, has been . . .  formed to manufacture, lease, 
use, and sell a nickel in the slot machine, by means of which the 
dropping of a coin in the slot will operate a mechanism which will 
cause a phonograph or phonograph·graphophone to produce the 
sound recorded upon its cylinder, and after such reproduction cause 
the diaphragm to return to its original position." 

NIAGARA-UThe Niagara River Hydraulic Tunnel, Power, and 
Sewer Company will now, it is stated, carry out its plan for utilizing 
the fall of water at Niagara, by building its main tunnel and con· 
necting cross tunnels with wheel pits." 

AND NOW F OR THE FUTURE 

'UG rea t inc reases in mo tor ·ca r mileage wi ll result f rom 
dev elopmen ts in gasoline processing. By Dr. G raham 
Edga r. 

�Main taining li fe in persons who canno t eat. By Barclay 
Moon Ne wman. 

'UMode l rai lroading (no "toy t rains"), a hobby tha t  is 
c rea ting rapidly gro wing in te res t among adul ts. By 
R. T. Griebling. 

PLUS o ther fea tures o f  wide in teres t; plus our comp re­
hen sive Diges t of Science and Indus try ;  plus Camera 
Angles ; plus Telescop tics . 
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Personalities 
• 
In 

Science 

PROBABLY few scientists have a 
closer personal acquaintance with 
the reticent and elusive atom than 

Dr. George Russell Harrison, Professor 
of Physics and Director of the Research 
Laboratory of Experimental Physics at 
the Massachusetts Institute of Technol­
ogy. 

However, Dr. Harrison seeks the in­
timacy of the ultimately small not mere­
ly for the satisfaction of studying the 
behavior of particles of matter, but to 
influence them to contribute to man's 
health, comfort, and prosperity. He 
knows them from the years spent in 
the windowless, constant-temperature, 
vibration-proof spectroscopy laboratory 
at the Institute, which, through his ef­
forts, has become a center of research 
in atomic science 

Several years ago, Dr. Harrison de­
cided that the first step toward a closer 
relationship between pure and applied 
research in the application of atomic 
physics to industry was to learn much 
more about the language and customs 
of atoms, so that the scientist could dis­
tinguish easily among them both tribal­
ly and individually. As a result of his 
work, there appeared last fall the first 
volume of a series of new tables of spec­
tral lines which contains the accurate, 
necessary data of the 110,000 strongest 
lines emitted by the chemical elements. 
Data on the fainter lines will appear 
in subsequent volumes. 

Speed and accuracy in gathering 
these data were made possible by two 
ingenious machines devised by Dr. Har­
rison. Although he says modestly that 
he was driven to these inventions as a 

G E ORG E R. 

means of escape from old and tedious 
methods of achieving the same results, 
his accomplishments are none the less 
astounding. One machine measures and 
computes the wavelengths of spectrum 
lines, while the other, known as the 
interval sorter, determines the energy 
of atoms and molecules from their spec­
trum lines, and is capable of making 
50,000 subtractions a minute. 

For his "notable work in spectrum 
photometry and spectrum analysis," Dr. 
Harrison was awarded the Rumford 
Medals in October, 1939, by the Amer­
ican Academy of Arts and Sciences in 
Boston. 

-

Opposed to the hoarding of scientific 
knowledge, Dr. Harrison has become a 
leading interpreter of research. His re­
cent book, "Atoms in Action," is ample 
proof of his success in the popular in­
terpretation of his work and that of his 
scientific contemporaries. 

Born, raised, and schooled in South­
ern California, Dr. Harrison was grad­
uated from Stanford University in 1919. 

HARR I S ON 

He became an instructor in that institu­
tion and continued studies which led 
to the degree of master of arts in 1920 
and doctor of philosophy in 1922_ Soon 
after, he was named National Research 
Fellow in physics and studied two years 
at Harvard, after which he returned to 
the faculty of Stanford as assistant pro­
fessor, later becoming associate pro­
fessor. 

He joined the staff of the Massachu­
setts Institute of Technology in 1930 and 
became director of the physics research 
laboratory when it was founded in 1932_ 
During 1930-31, he also served as re­
search associate at Harvard. 

Dr. Harrison is a fellow of the Ameri­
can Academy of Arts and Sciences, the 
American Physical Society, the Optical 
Society of America, and the American 
Association for the Advancement of 
Science, and is a member of Sigma Xi, 
honorary scientific society, and the 
American Association of Physics Teach. 
ers. He was married in 1926 to Florence 
Bartram Kent. 
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P UR E  S C I EN C E  T EAM S 

W I TH IN D U S TRY 

132 

DR. John A. Hipple, Jr., of the Westinghouse reo 
search laboratories, with a new mass spec­

trometer built to sort molecules and their constituent 
atoms according to mass. Its outside portion consists 
of two hemispheres wound with water·cooled copper 
conductors designed to carry 300 amperes at 150 
volts. The upper half of the coils hoists off. Inside 
is the actual spectrometer, which employs a vacuum 
tube in which ionized particles are differentially af­
fected by the magnetic field. Practical applications: 
Basic knowledge necessary in the design and manu­
facture of fluorescent lamps and mercury·arc recti­
fiers, as well as neon and argon tubes. 
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To fight the hookworm science first fights ignorance. Hookworms en ter the bo dy through the s kin of the feet, if bare 

SILENT ENEMIES 
Until Sanitation Becomes Universal, Man Will Harbor 

Internal Parasites and Suffer From Them • • •  

Worms . . •  Worms ... Worms • . .  Worms ... Inside Us 

By B ENJAM IN A D E LMAN 

MAN is a walking hotel in which 
more than 100 species of parasitic 
worms reside. These parasites 

lodge in his skin, in his muscles, in his 
lungs, in his intestines and in his brain, 
while several kinds swim through his 
blood. Perhaps he is victimized by more 
worm foes than any other animal, for no 
other creature relishes so wide a variety 
of food and drink, roams everywhere 
over the earth, has such an extensive con­
tact with soil, water, and insects, in 
which worms lurk. 

Every country in the world, therefore, 
is plagued by worm diseases and the 
United States is not excepted. Quite a 
big fraction of America is wormy. For 
example, about one million Southerners 
still have hookworm in spite of a 30-year 
campaign. 

Even more common than hookworm 
is the well-known disease of trichinosis. 

William Wolf in his article, "Animals 
Bring Us Disease," in the May, 1939, 
issue of Scientific American, stated that 
16,000,000 people in this country are in­
fected with trichina worms. We can't 
look down on other countries for being 
worm-ridden. 

The strangest class of parasitic worms 
are the tapeworms, and some of the most 
remarkable tapeworms are found in 
Americans. Consider the "fish" tape­
worm, a wriggling, animated tape run­
ning to a length of 60 feet. It is not an 
animal as we understand the term, but 
a family of 3000 to 4000 individuals or 
proglottids that are linked together in 
a long chain. Each proglottid leads an 
independent life, contains organs of both 
sexes and produces eggs all by itself. 
This monster worm can lay 36,000 eggs 
a day! The young worms dwell in the 
flesh of the fresh-water fish of the Great 

Lakes which are shipped fresh by the 
millions every year to cities throughout 
the country. Probably thousands of peo­
ple are infected with this dangerous 
worm, which can cause a very severe 
anemia. It is a serious health menace 
that has had much too little publicity. 
Tapeworm infestation is easily diag­
nosed, even in its early stages, by spot­
ting the eggs or proglottids in the human 
wastes and thus the victims call be read­
ily discovered. 

The fish tapeworm is not a native. It 
was brought in by Europeans working in 
the lumber industry of Canada and the 
Mid-West. Through sewage the fish be­
came infected and, since bears, dogs, 
and otters as well as man eat fish, eradi­
cation of the disease is now an impossi­
bility. The best hope of control lies in 
educating the public to eat only thor­
oughly cooked fish. 

Fish tapeworm infestation, like other 
tapeworm troubles, is best treated by 
carbon tetrachloride. One dose of the 
drug kills 70 to 80 percent of the worms. 
Carbon tetrachloride is the modern suc­
cessor of a long line of anti·helminthics 
or worm-killing chemicals. One of the 
first, dating to the Middle Ages, was 
male fern. Many doctors still use the 
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extract of the roots. The chief disadvan· 
tage of male fern as a remedy is that 
the patient must be starved for 36 hours 
before being dosed, and few patients 
are willing to submit to such treatment. 
Carbon tetrachloride, on the other hand, 
can often be taken without preparation. 

Trichinosis and hookworms are very 
common diseases but they may soon be 
surpassed in prominence by a little· 
known newcomer - oxyuriasis, or pin· 
worm infection. Pinworms are home· 
loving parasites fond of bathrooms and 
fixtures, but for decades doctors dis· 
missed them as a mere children's dis· 
ease as trifling as chickenpox. Parasi· 
tologists knew that the pest was ex· 
tremely prevalent, but for the most part 
pinworms flourished in safe obscurity 
until three years ago, when the United 
States Public Health Service started to 
investigate thoroughly America's most 
widespread parasite. 

Every angle of attack - diagnosis, 
treatment, distribution, and, most im· 
portant of all, the life history of the 
creature - was tackled and in three 
short years enough new facts were un· 
earthed to establish pinworms as a medi· 
cal problem. 

THE first question the Health Service 
asked was simply, "How many 

people have pinworms ? "  Obviously, the 
whole population couldn't be examin.ed, 
so the only feasible method was to take 
samples of the nation and from these es· 
timate the extent of the disease. The 
Service's experts sampled Washington, 
the Nation's Capital, and discovered 
that, out of 2091 Washingtonians, 861, 
or 41 percent, were infested! Since pin· 
worms appear to favor the cities, the rate 
in the country may he lower but it is 
possible, although not proved as yet, 
that pinworms may be far more preva· 
lent than most doctors believe ; and let 
it be remembered that pinworms can 
cause indigestion, insomnia, constipa· 
tion, and have even been suspected of 
inciting appendicitis. 

The ubiquitous pinworm achieves his 
success, not by hard work, but by a 
clever bit of strategy which sets him at 
the head of his class. Other intestinal 
worms lay their eggs inside the intes· 
tine ; therefore their eggs are confined to 
the human wastes and can be distributed 
only by contact with them. Hookworm 
is the classic example. The pinworms, 
contrarily, crawl out of the digestive 
tract at night, and deposit their eggs on 
the skin. For as long as ten days the 
eggs may remain alive and in this period 
are scattered over clothing, bedclothes, 
furniture, bathroom fixtures, and even 
dry up and are wafted by the air cur· 
rents to the walls and ceiling! Small 
wonder that pinworms run in families! 

Yet that's only one difficulty. Give a 
hookworm victim an efficient drug which 
will rid him of 90 percent of his guests 

S C I E N T I F I C  A M E R I C A N  

and he'll usually recover and overpower 
the rest, but eliminate 90 percent of a 
pinworm victim's parasites and the un· 
lucky patient will shortly be as badly 
off as before - pinworms are persis· 
tent! 

The most hopeful possibility of con· 
trol lies in repeated treatments. The 
Public Health Service concluded that a 
course of daily doses for ten days would 
clear out the parasites and prevent reo 
infection while the pinworm eggs died 
out, and, after years of research, hit 
upon a very promising drug, tetrachlor· 
ethylene, which has cured 91 percent of 
a group of 122 test cases. 

The most terrible parasite in this 
country, fortunately for the rest of us, 
is found only in a small group of Ne· 
groes of Charleston, South Carolina. 
These people are the prey of elephanti. 
asis, the horror that swells the limbs or 
organs until they reach a tremendous 
size - hence the name. 

In India, land of strange 
sights, elephantiasis sufferers 
are counted by the thousands. 
Unlike other worm diseases, 
elephantiasis is not caused by 
live worms since the living 
filarial worms in the patient's 
blood are harmless. Their 
corpses do the damage by 
blocking up the lymph ducts. 
These swell under pressure 

and then burst, flooding the lymph into 
various regions of the body. Sometimes 
the legs become so enlarged that it is 
impossible to lift them. 

Like malaria, yellow fever, and 
dengue fever, elephantiasis is passed 
along from present patient to patient.to· 
be by mosquitoes. When the common 
tropical house mosquito, Culex quinque­
/asciatus, sucks a sufferer's blood, she 
swallows a few of the infant filarial 
worms, creators of elephantiasis. One 
day, about two weeks later, the mosquito 
bites another human but this time she 
gives as well as takes. The larvae slide 
down its proboscis into the bite. One 
bite is not enough, however. Only heav­
ily infested individuals show symptoms 
and therefore the disease is confined to 
localities where many cases live close 
together. 

The filarial worms can tell time. 
As a rule the baby worms appear in the 
blood under the skin from about 10 P. M. 
to 4 A.M. but are almost completely ab­
sent during the day. For 40 years sci­
entists have argued over the why and 
wherefore of this astonishing phenome-
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non. One group suggested that the em· 
bryos are long lived and hide some· 
where in the interior of the body during 
the day, migrating to the surface at 
night, but this theory doesn't seem very 
likely. An embryo has about as much 
chance of remaining in a large artery 
as a man would have of swimming across 
the rapids of the St. Lawrence River. 
Furthermore, the patient's blood vessels 
would eventually become completely 
congested and his circulation would 
stop. And finally, why should the em· 
bryos hide from the prying eyes of the 
medicos ? 

An opposing theory says that all the 
mother worms give birth at the same 
time, once a day, every day, and that the 
infant worms live less than 24 hours. 
O'Connor found that in the morning the 
females were filled with embryos while 
about 2 o'clock all the young had been 
born. Now, Culex quinque/asciatus, the 

of T. salium, the common tape­
worm from pork. Left: Model 
of the head of fish tapeworm. 
Thorough cooking kills both 
of these kinds of tapeworms 

common tropical house mosquito, which 
transmits elephantiasis, bites only at 
night. It seems that the birth of the 
filarial infants is regulated by the habits 
of its godfather. 

No sure cure for elephantiasis is 
known. Scattering the victims, however, 
is one method suggested for eradicating 
the disease. 

In western India the people are at­
tacked by huge guinea worms because, 
instead of drawing up water from their 
wells, they wade in to fill their jars. The 
huge three-foot guinea worm lives under 
the skin, only the very tip of her body 
protruding into a tiny ulcer. Whenever 
water touches the ulcer, the worm dis­
charges a flood of embryos which swim 
right into the mouths of the nearest Cy­
clops, a tiny crustacean. The native 
swallows the Cyclops along with his 
drinking water and another human be­
comes a slave of the worms. 

At first the patient is nauseous, vomits, 
feels giddy, has fainting spells. Attempts 
to extract the worm by native means 
may lead to blood poisoning, sometimes 
necessitating amputation. Doctors ex-

© 1940 SCIENTIFIC AMERICAN, INC



MARCH · 1940 SCIENTIFIC A ME RICAN 

Courtesy United States Medical Museum 
Pinworms from a human appendix, magnified 45 di ameters. Your grandparent s, 
especially your grandmother, who brought up babies , knew the pinworm 
("worms" ). La ter, worms "wen t ou t of fashion" bu t now the United States 
Public Health Service has demonstrated that they are not to be laughed at 

tract the worm in three sections by asep­
tic methods. Prevention is even simpler 
than cure but it will be years before the 
Indians can be induced not to wade 
around in their water supply. 

In the Bible we read that Moses made 
the likeness of a "fiery serpent" and 
wound it around a stick to serve as an 
example to the people of Israel. The 
Elizabethean scholars who translated 
the Old Testament plainly didn't know 
their biology, for the "fiery serpent" is 
actually Dracunculus medinensis, the 
guinea worm. Even today native medi­
cine men in Arabia and Africa often pull 
out the guinea worm by winding it 
around a stick. 

THE oddness of worm diseases ex­
tends to the way they have been fer­

reted out. Sir Patrick Manson, the 
founding father of tropical medicine, 
once spent several years in China doing 
medical research. One day a Chinese 
visitor called on him and in the midst of 
conversation very rudely spat on the 
floor. As Manson stooped to clean up 
the mess after his caller had left, he 
noticed that the flecks of saliva were 
bloody. The excited doctor touched 
them with a slide, slipped it under a 
microscope and instantly identified a 
"new" disease-Paragonimus infestation 
which sickens millions of poor Chinese 
and Japanese. 

Paragonimus is a half-inch long, leaf­
like fluke that lives in human lungs, 
causing coughs, chest pains, and blood­
tinged sputum. In fact, lung-fluke in­
fection is usually distinguished from 
tuberculosis by discovering eggs in the 
sputum. Drugs are ineffective but trans­
fer of the patient to a fluke-free locality 
enables Nature herself to heal the suf­
ferer in five or six years. 

The eggs spat out by the infested man 
hatch in water and once in a million 
times the embryo meets a little fresh 
water snail and burrows into its tissues. 
Passing through three bizarre trans· 
formations the young fluke emerges, 
crawls over the bottom of the stream or 
pond until it encounters a fresh-water 
crab, climbs up and pierces the leg joint, 
and buries itself in the leg muscles. The 
Chinese and Japanese unfortunately are 
fond of raw crabs. If they were to give 
up eating this delicacy, Paragonimus 
plague might disappear in a decade. 

A similiar disease, caused by liver 
flukes, also troubles the Chinese. Here 
the chain of victims runs from carp to 
man to snail to carp. (Only a certain 
species of snail will do. )  The willow­
leaf-shaped, one-inch long parasite lives 
in the liver bile ducts where it can cause 
anemia, emaciation, diarrhea, and a fine 
case of cirrhosis of the liver. Khaw, a 
Japanese parasitologist, found that a dye 
called gentian violet would safely kill 
the worms. Prevention, of course, is ob­
vious. As a matter of fact, the Chinese 
peasants themselves show how the dis­
ease can be eradicated. The flukes range 
over most of China yet the disease is 
confined to the vicinity of the cities of 
Canton and Swatow, the only districts 
0/ China where raw fish is eaten. 

Eating infested food is just one means 
of acquiring parasites. In Australia, in­
fested dogs disseminate a gruesome 
parasite, the hydatid. About two years 
ago, an Australian sheep rancher lost 
his little daughter because he was fool· 
ish enough to keep hydatid infested 
sheep dogs. They were dangerous to their 
masters, even though they weren't vi­
cious, for they carried the seeds of death 
and these needed only the right environ­
ment to start their fatal career. Every 
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day the dogs played with the little girl 
until one day she swallowed an invisible 
white speck, a hydatid egg. 

Within four hours the egg hatched in 
the child's intestine and the infant worm 
penetrated an artery where the blood 
swept it to the brain in which it stuck 
fast. The speck grew until it was a hol­
low sphere or cyst the size of a golf ball, 
pressing relentlessly on the brain. In­
side it was alive with thousands of infant 
worms. 

As the months passed, the little girl 
complained of frequent headaches, then 
of failing eyesight. Later her memory 
and finally her strength declined. Once 
a lively, healthy child, she degenerated 
into a dull, paralyzed invalid. When her 
desperate parents brought her to the 
Melbourne Children's Hospital, it was 
too late. She died soon after the opera­
tion, a sacrifice to human ignorance. 

Hydatid cysts normally bulk no larger 
than an orange but they can expand to 
huge dimensions. In one case a cyst 
grew for 43 years until it was as big as 
a child's head. Another, the "monster" 
cyst, contained 11 gallons of fluid! 

The rarest of all worm infections is 
also the most startling. Dioctophyme 
renale, the giant kidney worm, has been 
found a few times in human beings, in 
the process of autopsy. The worms usual­
ly occur in pairs, the female being about 
40 inches long, the male about 10 inches 
long. They spend their lives in the kid­
neys, destroying the tissues until only a 
hollow shell is left and the victim dies 
of blood poisoning. Pleasant! 

CAN the parasitic worms be de­
feated? The Rockefeller Founda­

tion thinks so. In 1909 the Rockefeller 
Sanitary Commission was organized for 
the specific purpose of fighting hook­
worm in the deep South. The Commis­
sion made a survey of the hookworm belt 
and decided that about 2,000,000 South­
erners had the worms. Within four years 
they treated 500,000 cases. Encouraged 
by their success, the Foundation ex­
tended its effects, establishing the In­
ternational Health Board in 1913. The 
Board has fought the war against both 
germs and parasitic worms in over 30 
countrIes. Their achievements have led 
to the establishment of national and 
health departments all over the world. 
Today in Egypt, in India, in the Phil­
ippines, in Africa, even in war-torn 
China, the doctrine of sanitation which 
stamps out parasites wherever it is ap­
plied, is being taught to the people. 
Clean food, pure water, cleanly personal 
habits-all these slash the routes by 
which the worms gain access to the hu­
man body. As the great Robert Koch 
once said, "It is possible for man to wipe 
out all infectious diseases." Universal 
sanitation will make Koch's prophecy a 
reality, for most of mankind has still to 
achieve a decent standard of cleanliness. 
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MEN of science of Columbia University recently staged an "Open House" session, 
. to which the public was invited to inspect the various laboratories. Through 

the courtesy of Science Observer, official organ of The American Institute Science 
and Engineering Clubs, we reproduce on this page illustrations of some of the more 
spectacular laboratory equipment that was demonstrated. 

Right: Rear view of the 
cyclotron in the Pup iu 
Phys ics Labora tory. Thi s 
tool of sc ience is used to 
produce beams of h igh . 
speed ions which, whe n 

they str ike targets of vari . 
ous mater ials, produce 
effects that give physicis ts 
new insig hts into the 
problems of atomic struc · 

ture and behavior. With 
cyclotrons, transmutat ion 
of elements has been 
achieved, and rad io-act ivi . 
ty has been Itynthet ized 

Below: With the ultra-centrifuge it i s  
possible to subject small quantitie s o f  
material s to immense stre sses and to study 
photographically the effects. The rotor of 
the centrifuge is supported on, and driven 
by a current of air and can be revolved 
at such a speed that material s on it s  
per iphery are subjected to centri fugal 
force that equals 250,000 times the force 
of gra vity. As the rotor spins, light i s  
directed upward through it. Since the 
conta iner for the material under study is 
transparent, the light going through it, 
makes it possible to take instantaneou s 
photograph s at each revolution and thu s 
determine effects of high rotational speed 
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Right: A torsion machine 
in the C ivil Engineering 
La boratories determine s 
how much tw isting a piece 
of material will take be · 
fore it breaks or loses it s 
ela sticity. Bars, rods, or 
flat strips of any materia l 
may be subjected to tor· 
sional stress, the indicato r 

showing the load applied 

Determination of the forces necessary to 
shatter wooden posts (for example ) give s 
data of value to construction engineers an d 
other s. The machine shown above, ca ­
pable of exerting a force of 600,000 pounds, 
i s  splintering an eight . by eight .inch 
fir po st at a pres sure o f  155,000 pound s 

Left: In a sub .ba sement, mounted on bed · 
rock to eliminate vibration, is a sm all 
piece of equipment built with the same 
accuracy as is ob served in the con structio n 
of fine watche s. It is u sed to te st the value 
of lubricants in the following manner : 
A mea sured coating of lubricant to be 
te sted is transferred to the surface o f  a 
polished metal di sk from an ab solutely 
level surface of water where the lubricant 
has been allowed to spread into a layer 
one molecule thick. A ball-shaped sa pphire 
i s  now carefully adju sted on the o il layer 
that covers the metal di sk and the di sk is 
rotated. Pressure i s  applied to the 
sapphire ball unt il fr iction cau ses the ball 
to drag. When this happens, an indicator 
on the machine regi sters the fact. From 
the data so obtained can be calculated an 
index of lubricating properties of the o il 
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OUR POINT OF V IEW 
Whose F ault is it? 

IN an outstandingly notable discussion of "The Scientist in 
an Unscientific Society," published in our June, 1934, num­

ber, Secretary of Agriculture Wallace raised a question which 
since then has been the subject of a great deal of debate in 
scientific circles_ The question was "whether science, having 
demonstrated its power to transform the world, ought not 
have some responsibility, or at the very least, some interest 
in the social consequences of its handiwork." For example, 
science gives us high explosives, thinking only of the solid 
engineering work they will afford, and society perverts their 
uses to those of destruction: war. The scientist learns the tech­
nology of gases; others use this knowledge to maim and kill. 
No sooner is the airplane perfected by science than others 
turn it into the world's nightmare_ 

Science, according to Mr. Wallace, proceeds without moral 
obligation, and is neither moral nor immoral. "I should like 
to find our more articulate scientists," he says, "insisting that 
the benefactions of science be used only in ways that are 
plainly in the general welfare. The orthodox scientist either 
withdraws to his cloister, to mutter about the stupidity of 
mankind or, if given to public utterance, to indulge in an 
amazingly unscientific statement of a variety habitually used 
by the politicians he scorns." Science has been creating an­
other world and another civilization, he adds in summary, 
that simply must be motivated by some conspicuous social 
purpose, if civilization is to endure. 

From one of our readers, Mr. Arthur Jobson, has come a 
letter which, though not so intended, constitutes essentially 
an editorial reply to these arguments. We turn the column 
over to Mr. Jobson. 

"Nearly six years have passed since Secretary Wallace's 
challenge to the scientist," he writes, "and, while this time 
is brief compared with the slow processes of social evolution, 
there has been time for the matter to ripen somewhat in our 
minds. That his views are still held by many laymen is evi­
dent. As an instance, I recall the comments of a noted news­
paper writer who visited the New York World's Fair last 
year. This man said, in substance, that everything is there 
which demonstrates how man, with his capacity for precision 
and beauty, retains a preposterous incapacity to enjoy the 
fruits of his genius-to be as wise as he is intelligent, and 
to be as good as he is great. Though he has learned to do 
the vector analysis in mathematical physics, he cannot add 
and subtract in political economy. He can calculate the fine­
ness of a machine to a millionth of an inch, but he cannot bal­
ance a government budget. The general implication is that 
science is much to blame for this, as Secretary Wallace has 
stated. 

"Being an engineer and somewhat of a scientist myself," 
Mr. Jobson continues, " I am often amused at these outbursts. 
It is of course galling to think of the great advancement we 
have made in science, invention, and engineering while we have 
made so sorry a mess of our economic life, but these critics 
seem to forget that in matters dealing with a social system 
we are confronted always by the vagaries of humanity, en­
tirely remote from the scientific approach. The politician 
and would-be social reformer, having failed to put our econ­
omy in order, tend to clutch at a straw. They reason that, 
since the exact mind of the scientist has attained great suc­
cess in his chosen field, why shouldn't he be able to cure our 
social ills? 

"I have a feeling that this would be impossible-this Utopia 
in the affairs of men. It cannot be done, for surely it would 
mean the most exacting kind of totalitarian state. 

"No government can rise higher than its source. So long 
as this source is contaminated by human traits, we must 
expect the social body to suffer. The man trained in science, 
in endeavoring to correct this situation, would find most of 
his efforts of little avail, for he is vastly outnumbered by the 
rest of the population." 

In our opinion, Mr. Jobson hits the nail on the head: science 
can plead and urge, but until man can remake his nature, 
the scientist's hands are practically tied_ He is like an indi­
vidual in a big cage of baboons, who occasionally discovers 
choice morsels: his chances of retaining control of those 
morsels is about on a par with the chances of the famous 
Celluloid dog. Nevertheless, he is essaying a start. Knowing 
well that he has no effectual direct way to hold off the other 
baboons, he has organized groups, both in this country and in 
Britain, for the study of indirect ways. These consist essen­
tially of education and moral persuasion. Nothing stronger 
can be envisioned. And thus all he has to do is make a clean 
sweep of the three human lusts: for power, prestige, posses­
sion. A large order!-A. G. I. 

Rising Intelligence 

SOMETIMES we are in despair for the intelligence of the 
American people. But not now. For years a vociferous 

minority swayed the people with its propaganda for disarma­
ment; and the people would not permit proper naval building 
programs. The times have now demanded a change of attitude. 
Before, it looked as though the people would never draw less­
sons from our past history which shows one war after an­
other without preparedness. Assurance of proper prepared­
ness to keep us out of war is seen in the current attitude of 
the American public as well as in present Congressional 
action. Even the professional pacifists have now taken up the 
cry for building up our defenses, even as Scientific American 
believed they would during all the years this magazine was 
urging that we prepare in times of peace. 

Americans are insistent that we stay out of the present war 
abroad. Leaders agree to that dictate whole-heartedly. They 
agree also to the principle of making our military position as 
impregnable as possible. Hence, with a great naval building 
program now under way, we plan a further one which would 
increase our Navy by about 25 percent. This will mark a 
new high point in our naval construction which has moved 
upward rapidly during the last seven years after years of 
idleness in most of our yards. 

Against this background, one important fact stands out. 
That is that naval design did not suffer so much from lack 
of orderly evolution as most people read into the record merely 
because we were not actively building ships. The drafting 
boards and the towing basin-where hulls are studied-the 
steam laboratories and general navy research were none of 
them as idle as the yards. In consequence, we can build ships 
that are as good as any afloat. Indeed, in some respects, our 
ships may be superior to the ships of other nations. And there 
is little doubt that we shall learn other lessons from the pres­
ent war abroad, which, added to our present naval knowledge, 
will carry us far toward a navy so superior in design, opera· 
tion, and general efficiency, and so powerful in its aggregate 
fighting ability that it will tend to prevent unwanted war 
from descending upon us. 

And that brings us back to our first paragraph. The Ameri­
can people want to keep out of war and at last are using 
their intelligence to prepare in times of peace to make sure 
that we do keep out-or to assure quick disaster to any who 
may drag us into war against our wilL-F. D. 111. 
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NEW ENGINEERING IN THE NAVY 
THE new ships of various type� 

which have joined the Fleet em­
body many advances and improve­

ments in the fields of naval architecture, 
marine engineering, and naval ordnance. 
The result is increased military effec­
tiveness. Modern warships are perhaps 
the most ingenious and complicated 
machines yet produced by man. From 
this fact it logically follows that any 
change must be well considered. But, 
in view of the long time required to 
build naval vessels, there must be a 
delicate balance between conservatism 
and adoption of advanced ideas if we 
are to have the maximum of military 
efficiency in a new ship when it comes 
off the building ways. This delicate bal· 
ance we have striven to maintain. 

An important factor in this military 
efficiency-where such a balance is 
necessary-is the machinery installa­
tion. It has been recognized for genera­
tions that we could reduce the size of 
our machinery and increase its effi­
ciency if we could increase the pressure 
and the temperature of the steam. Such 
increases, however, had to await ad­
vances in metallurgy that would pro­
vide metals to withstand high-pressure, 
high-temperature conditions. 

The Navy did not make the step to 
the present steam conditions in one 
leap, but has advanced in a series of 
conservative steps, raising pressures 
from 200 to 300 to 400 to 450, and then 
to 600 pounds, and increasing the super­
heat gradually. In fact, the last change 
was only from 600 pounds, 700 degrees, 

High-Pressure, High-Temperature Steam for War­

ships ... More Reliable Machinery . • .  Greater Speed 

• . .  Economical ... Equipment for Our New Warships 

By C HAR L E S  E D I S ON 
Secretary of the Navy 

N0W that the United States 
Navy is well launched up­

on a sensible construction pro­
gram, Secretary Edison's article 
brings welcome news to Ameri­
cans. Speed is vital to warships. 
If, on a given hull, more power 
can be installed, a greater ca­
pacity for speed results. If, more· 
over, the machinery is more 
compact and reliable than be­
fore, the result is greater mil­
itary efficiency in several phases 
of the ship's design. The Navy 
is to be commended, therefore, 
for its persistent attack on the 
problem of ship power genera­
tion and propulsion which has 
culminated in the development 
of machinery that gives better 
speed and economy and is more 
reliable than older types.-The 
Editor. 

Fahrenheit, to 600 pounds, 850 degrees, 
Fahrenheit. These steps have lagged be­
hind commercial practice ashore where 
1200 pounds and 950 degrees, Fahren­
heit, is not at all unusual for new in· 

stallations ; nevertheless, they have been 
enormously important, and a portent of 
others to follow. 

One of the first decisive steps taken 
in connection with the current building 
program was to serve notice to all pros­
pective bidders that no contract would 
be awarded for the design or construc­
tion of naval vessels that would be out 
of date the day they were launched due 
to ultra-conservative design of main 
machinery and boilers. One of the by­
products of this new policy has been 
to direct the shipbuilding industry of 
the country toward the development of 
an all-American design. 

IN 1933, the Navy Department con­
tracted for a number of destroyers. 

Into these ships went a distinctive Amer­
ican engineering installation consisting 
of high. speed turbines, double-reduc­
tion gears, an improved boiler feed sys­
tem and a cruising turbine that is con­
stantly in gear. The double-reduction 
gear permits utilization of higher tur­
bine speeds with attendant increase in 
efficiency. High turbine speeds have re­
duced the number of turbine blades by 
75 percent and the length of the rotor 
by 25 percent. The feed water of a 
modern, high-capacity, boiler installa­
tion requires the virtual elimination of 
oxygen in feed water. Due to the fact 
that the design was one of the major 
advances in naval engineering since the 
introduction of the turbine, some con­
gestion in the engine rooms resulted. 
This design, however, showed an in­
crease in fuel economy of about 25 per­
cent with a corresponding increase in 
cruising radius. The first of these ships 
was delivered in 1936 and probably rep­
resents the greatest progress the Amer­
ican Navy has made in engineering in 
a generation. 

Speedy and highly maneuverable destroyers are vital to fleet actions 

This class of destroyers-the Mahan 
class, started in 1934-was followed in 
rapid succession by other modern de­
stroyers in which were incorporated the 
same fundamental design features as 
had appeared in the Mahan, and in ad· 
dition thereto, superheat control type 
boilers. 
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Photographs : Om.lal, U. S. Navy 
Destroyers of the Fleet participating in recent maneuvers held off the California coast 

In the fall of 1937, the Somers, one 
of the destroyer leaders, ran her pre­
liminary trials with exceptional results. 
In comparison with competitive designs, 
she showed an improved economy rang­
ing from 9 to 22 percent when operat­
ing at 700 degrees, Fahrenheit. The 
Somers was the first vessel in the Navy 
to operate at 850 degrees, Fahrenheit, 
and when operating at that temperature 
increased her economy another 10 per­
cent and increased her developed horse­
power by 10,000. She was the first ship 
to be equipped with air-encased, sep­
arately controlled, superheat boilllrs. 

As a result of the success with the 
Somers, all battleships, cruisers, and 
destroyers are being built today to op­
erate at 600 pounds and 850 degrees, 
Fahrenheit ; and so will be all the battle­
ships of the present building program. 

It is apparently no more difficult to 
train men to operate the new plants 
than it was to train them to operate 
the old ones. On recent trials of a de­
stroyer operating at 600 pounds, 850 
degrees, Fahrenheit, one of the out­
standing comments of all observers con­
cerned the smoothness with which the 
crew operated that installation and con­
trolled the temperature. In fact, when 
it was desired to drop the temperature 
suddenly, on backing, it was changed 
from 850 degrees, Fahrenheit, to 700 
degrees, Fahrenheit, in 40 seconds with­
out difficulty. 

The new machinery has been of equal 
or greater reliability than the old type 
machinery. This might have · been ex­
pected, as old factors of safety have 
been maintained, or even increased, and 
the general design of high-speed tur­
bines with small, comparatively short 
rotors, is more rugged. Service with the 
Fleet, of course, is fairly limited, but 
reports to date indicate that, as to re­
liability and maintenance, the new ma-

chinery is equal or superior to the old. 
Taking any given ship and operat­

ing its machinery under two sets of 
steam conditions, gives some indication 
of the relative merits of the two steam 
conditions, but that indication is not 
as clear cut as might be expected. There 
are two reasons for this. The high-pres­
sure, high-temperature steam goes only 
to the main propulsion turbines-with 
the possible exception of turbo-genera­
tors in some cases. The result is that 
at very low powers, say below 5 percent 
of full power, the auxiliaries take such 
a large proportion of the total power 
generated, that the effect of the high­
pressure, high-temperature steam in 
the main turbines is masked. Moreover, 
all turbines at very low powers-for 
example, below 5 percent of full 
power-are relatively inefficient and do 
not reflect much change due to steam 
conditions. Nevertheless, at high powers, 
where the auxiliaries are not taking such 
a large proportion of total power gen­
erated, and the main turbines are able 
to take advantage of improved steam 
conditions, the improvement is shown 
very clearly. 

TWO typical examples of such tests 
were the ones of a cruiser and of a 

destroyer. Trials of the cruiser were run 
with saturated steam and then repeated 
at the same pressure, but with the steam 
temperature raised about 200 degrees. 
At very low powers, below 5 percent, 
there was no appreciable difference in 
over-all fuel consumption between the 
two conditions, but at high powers-for 
example, 60,000 shaft horsepower-the 
higher steam condition made a saving 
of 12.2 percent in the fuel consumption 
for the ship as a whole. 

The destroyer was tested on two steam 
conditions, namely, 600 pounds pressure 
in both cases, but 700 degrees, Fahren-

heit, temperature in one and 850 de­
grees, Fahrenheit, in the other. Again 
at very low powers-below 5 percent­
the over-all fuel consumption showed 
very little improvement ; but, on operat­
ing at full power, a saving of over 14 per­
cent was effected. In fact, under the 
higher steam condition, the ship actu­
ally developed about 10,000 more horse· 
power than designed at the lower steam 
condition. This extra 10,000 horsepower 
would mean that the ship could main­
tain its battle speed even with very 
much more bottom fouling than would 
be possible at the lower steam condition. 

A better comparison of the effect of 
changing machinery and steam condi­
tions is indicated when we consider what 
would happen if we put the complete 
machinery from one existing ship in­
to another hull. For example, the ma­
chinery of either of a certain two of 
our new destroyers could supply the 
power of a certain one of our cruisers 
which, though new, did not have such 
advanced machinery design. The trial 
data of both the cruiser and the de­
stroyers indicate clearly that if we 
should put destroyer type machinery in 
the cruiser, we could save 18  percent 
in cubic feet of space and 29 percent 
in the machinery weights, while mak­
ing a gain in economy of 13 percent 
at full power, this gain increasing to 
28 percent at a more moderate speed 
of 10 knots. Moreover, such data as are 
available indicate that the destroyer mao 
chinery is more reliable. 

In short, as we have advanced steam 
conditions, we have developed ma­
chinery which is not only more economi­
cal, but is also more reliable and just 
as easy, or even easier, to operate, main­
tain, and protect in battle. The advances 
to these conditions have been by short, 
conservative, well tested steps, and the 
Navy has gained thereby. 
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A FAMOUS THEORY WEAKENS 
THERE are few more difficult prob­

lems than the origin of our planetary 
system. Its isolation, and the 

common motion of the Sun and planets 
through space, practically compel us 
to suppose that they had a common 
origin. It is incredible that the many 
regularities within it - such as the 
motion of the planets in nearly circular 
orbits, all in the same direction and in 
nearly the same plane - can have been 
the result of accident. We look for 
some orderly process which might have 
produced it - but, so far, the inventive 
skill of a century of astronomers has 
sought in vain. 

One encouraging hypothesis after an­
other has been suggested, only to col­
lapse before some simple and unanswer­
able objection. Most of these, as many 
of us may remember, were dynamical, 
and dealt with the angular momentum -
or to paraphrase Newton, the "amount 
of rotational motion" in the system. No 
actions between parts of the system, once 
it is isolated, can alter the total amount 
of this - they can only transfer it from 
one part to another. 

Laplace's original hypothesis was 
that the system was originally a great 
nebula, bigger than any of the planetary 
orbits and much flattened at the poles 
by its rotation. As it contracted, it ro­
tated faster and faster, shed a ring of 
matter at its equator, which gathered 
into a planet, then later shed another, 
and so on till the remaining central mass 
shrank into the Sun. 

But, at present, only one part in 60 
of the angular momentum is in the Sun's 
rotation, and the rest in the motion of 
the planets. No one has ever been able 
to suggest an orderly process by which, 
in a system undisturbed from without, 
more than 98 percent of the angular 
momentum could get into one seventh 
of one percent of the mass. Moreover, 
Jeffreys and others have proved that a 
ring of matter equal in mass to even a 
large planet like Jupiter, but extending 
all around its orbit, would not be gath­
ered into a single mass by its gravita­
tion, though it might well break up into 
a number of small bodies like asteroids. 

So this hypothesis went into limbo, 
and another took its place - the en­
counter theory. According to this, once 
upon a time another star, in its course 
through space, passed by accident very 
close to the Sun. The original form of 
the hypothesis ( due to Chamberlin and 
Moulton ) assumed that the star's at­
traction released eruptive forces within 
the Sun which ejected great quantities 
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The Encounter Theory of the Origin of Planets 

Has Now Become Shaky and May Pass into the 

Limbo Where the Old Nebular Hypothesis Went 

By H E N R Y  N O R R I S  R U S S E L L, Ph.D. 
Chairman of  the Department of Astronomy and Director of the Observa­
tory at Princeton University. Research Associate of the Mount Wilson 

Observatory of the Carnegie Institution of Washington 

of matter, some of which cooled into big 
masses and the rest into innumerable 
little ones - "planetesimals" - which 
were picked up by the bigger ones as 
they grew into our present planets. 

Later forms of the hypothesis attrib­
uted the expulsion of matter from the 
Sun to the tidal attraction of the star 
(J eans ) or to a direct collision between 
it and the Sun (Jeffreys) . The last 
meets with the fewest dynamical diffi­
culties, and gives us a picture of the 
two stars separating after the collision, 
but joined by a "filament" of matter 
resulting from the intermixture of the 
parts which actually collided. A mix­
ture composed almost wholly of solar 
material would be moving slowly away 
from the Sun and later fall back into it ; 
similar material would accompany the 
star ; but there would be some fairly 
uniformly mixed portions which would 
not fall back into either one. Some of 
this stuff might escape into space - the 
rest would be good raw material for 
planets. 

Angular momentum again turned out 
to be a stumbling-block - this time an­
gular momentum per ton of material. 
The ultimate size of a planet's orbit de­
pends on this. Calculating it for material 
knocked off the Sun by a collision, it 
comes out too small to get a planet even 
as far away as the Earth. So we seemed 
to be back where we started. But soon 
afterward, Lyttleton flanked the obstacle 
by suggesting that the Sun may once 
have been a double star, and that a 
visitor from space collided with its com­
panion. Under favorable circumstances, 
the intruder might send the former com­
panion flying off into space by its at­
traction, without being itself retarded 
enough to be captured by the Sun ; and 
yet a part of the filament of matter be­
tween them might remain within the 
Sun's sphere of influence and form plan­
ets. 

THIS gives us planets at any distance 
from the Sun that we want, and es­

capes the last difficulty. But Luyten has 
shown that the conditions required to 

let both the former companion of the 
Sun and the intruding star escape, and 
yet have planet-forming material which 
did not get away, are extremely difficult 
to fulfil ; and the question is still in de­
bate. 

The objections which have so far been 
raised to the various forms of the en­
counter theory are purely dynamical. 
They depend on simple consequences of 
the law of gravitation, and could have 
been discussed as intelligently in the 
days when Neptune was discovered as 
at present. 

But, even if all these difficulties had 
been fully removed, there would remain 
others, different in character, but quite 
as serious. One of these is that the mat­
ter ejected from the stars, whether by 
tidal action or collision, must at the 
start have been extremely hot. There is 
no sense in thinking of it as having 
about the temperature of the Sun's sur­
face. A very simple calculation shows 
that, if enough material to form Jupiter 
were spread in a uniform layer over the 
Sun's surface, the pressure at the bot­
tom, due to solar gravity, would be 
880,000 atmospheres, and the average 
pressure throughout the layer half as 
great. At a depth where there was such 
a pressure, the temperature would also 
be very high. To estimate it accurately, 
we would have to know how the outer 
parts of the Sun were built ; but there is 
no doubt that it must be several hundred 
thousand degrees. If this intensely hot 
gas were pulled out of the Sun by tidal 
action, it might be cooled somewhat by 
expansion, but if it were scraped off by 
a collision, the friction between the in­
termingling solar and stellar gases 
would heat the mixture to a far higher 
temperature. 

If the filament of gas connecting the 
two stars retitained anything like as hot 
as this, the velocities of the separate 
atoms would be much too great for the 
relatively weak attraction of the ejected 

. matter to hold them back. They would 
fly away separately and the gas would 
dissipate itself into space. This has 
been realized for 60 years. But the 
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gaseous mass, radiating freely into 
space, would also cool very rapidly, 
which would slow up the atomic motions, 
diminish the internal pressure, and 
tend toward stability. In this race be­
tween expansion and radiation, which 
would win? 

This is a problem not of dynamics, but 
of physics, and would have been un­
answerable without the aid of modern 
knowledge of the laws of gas opacity. 

If the ejected mass of gas were nearly 
transparent, so that heat could escape 
freely from its interior as well as from 
its surface, it would cool very rapidly -
giving out at first a tremendous burst of 
remote ultra-violet light, and then set­
tling down, perhaps to condensation. 
But if we consider such a layer while 
still in the Sun, we find that radiation 
can escape directly from only the thin­
nest kind of surface skin containing less 
than a millionth part of its whole mass. 

The difficult problem of the behavior 
of the filament after its formation was 
attacked for the first time by Dr. Spitzer 
-a National Research Fellow at Har­
vard - and his results, j ust published, 
afford a definite answer. 

To get the problem into mathematical­
ly tractable form, he has of course to 
make simplifying assumptions, treating 
the filament as a uniform cylinder in 
shape, and taking average values of the 
pressure, and so on, in the interior. It is 
possible to handle these approximations 
so that we are sure that we are not get­
ting too small an answer - or too large, 
if we proceed differently. 

Working in this way, Spitzer finds 
that, if no heat were lost by radiation, 
a filament of 1/500 of the Sun's mass, 
and a million miles long, would expand 
into a state in which the separate atoms 
were flying off so fast that the attraction 
of the filament could never bring them 
back in less than three hours. A better 
approximation, taking account of the 
fact that the filament must be growing 
longer as the stars separate, reduces the 
time to half an hour. 

To calculate the rate of cooling is 
more difficult, but, for the same circular 
filament as before, it is found that direct 
escape of heat takes place only from a 
very thin outer skin, and that, if the fila­
ment could be held at its initial size by 
some imagined force, it would take at 
least a year to get rid of half its original 
content of heat. 

THE disparity of these two numbers 
is so great that there is no room for 

doubt that an actual filament of gas 
would expand so fast that it could never 
check itself, long before cooling pro­
duced any perceptible effect. Straining 
every assumption in favor of the cooling 
process, Spitzer finds that it must, in 
the most extreme case, take more than 
a hundred times longer than the ex­
pansion. To assume that the original 

S C I E N T I F I C  A M E R I C A N  

TH E DISSIPATION OF PLANETARY FILAMENTS 681 

t, denotes the value of t for which the radial velocity outward , v,  
equals the velocity of escape from the filament, v"' , then we have 

J." v'" = a(t)dl . " 
If we neglect ii" assume that a, is constant through time, and replace 
v'" by its value for a spherical mass M of radIUS R, we find from (5) , 
(6) , and (7) that 
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I; _ 10 = (�» -' p.mo (MCR)'/' Po kT.t 2 ( 8a) 

Substituting M/-TrR'zo for Po, we have 

In his monthly articles on astronomy, Professor Russell interprets for the average 
reader many professional papers previously published for the astronomer, hence 
in mathematical form. Above is a sample of the article behind the present inter­
pretation, from The Astrophysical Journal of last December. The Astrophysical 
Journal is the outstanding publication of its kind for American astronomy, 
just as the Monthly Notices of the Royal Astronomical Society, on which some 
of Professor Russell's articles are based, is for Great Bdtain. Most of the im­
portant astronomical papers in the English language are published in one or 
the other of these two j ournals ; in fact "most" might well read "virtually all" 

filament was flat like a ribbon instead of 
circular in section makes the disparity 
even greater. 

This analysis - the first in which 
modern physical methods have been ap­
plied to the problem - looks as if it 
would send all the forms of the encounter 
theory to Valhalla. There is still one 
unexplored consequence. The filament 
would fade away by expansion ; but the 
gases of which it had been composed 
must go somewhere. Part of them would 
fall back into the stars ; part, near the 
middle, would be left wandering as lone­
ly atoms in "the wind that blows be­
tween the worlds" ; but the rest, and 
probably a good deal, would settle down 
into a gaseous atmosphere about the 
Sun, and another about the retreating 
star. These envelopes would not be held 
up by pressure from below, like the 
Earth's atmosphere ; they would be in 
rotation about the Sun - an immense 
swarm of atomic asteroids, if the phrase 
may be pardoned - colliding with one 
another every few hundred miles, 
bouncing off into new paths, but, as a 
whole, forming an enduring gaseous 
shell. 

Whether such a non-uniformly rotat­
ing atmosphere could condense into 
solid bodies has not yet been investi­
gated. If it turns out that it could, the 
encounter theory may yet be revived -
for the requisite angular momentum is 
there. 

It is very hard, though, to see how 
most of the mass could be concentrated 
into a single large body which, like 
Jupiter, is rich in hydrogen. Those 
atoms or molecules which absorbed sun­
light strongly would be driven away at 
once by radiation pressure ; the others, 
which scattered light weakly, would be 
subject to the effect worked out by 

Poynting and Robertson, and would 
gradually spiral into the Sun. But, for 
such bodies, this action would be slow 
and there might be time enough for a 
good deal to happen. 

If material enough to form all the 
planets were distributed uniformly in­
side a sphere as big as Neptune's orbit, 
the total amount of matter along a col­
umn a square centimeter in cross-section, 
extending from the center to the edge, 
would be about a gram. It might seem 
at first that so thin a layer of gas could 
produce no perceptible effect ; but it 
amounts to a thousandth part of the 
whole atmosphere of the Earth. Such 
a layer of gas, illuminated by ordinary 
sunlight, would scatter 1/1000 as much 
light as a clear noonday sky, or 500 
times as much as a clear sky under full 
moonlight - and hence be extremely 
conspicuous against a really dark back­
ground. Sunlight at Neptune's distance 
is approximately 1/1000 as bright as at 
the Earth's ; but, even under this illu­
mination, the shell of gas would appear 
half as bright as a moonlit sky, and 
hence far brighter than any ordinary 
nebula. The Sun, surrounded by such a 
gaseous envelope, and seen from Alpha 
Centauri, would appear at the center of 
a bright nebulosity, fading away grad· 
ually at the outside, and about 45 sec­
onds in diameter. The glare of the Sun 
would probably obscure this on photo­
graphs ; but it would be conspicuous in 
a reflecting telescope, with the central 
star hidden. If, however, the heavier 
atoms and molecules had coalesced into 
dust particles, the medium might form 
a fog thick enough to obscure the Sun 
from points outside it. But, in that case, 
the effects of light-pressure would ap­
pear arid it would not last very long. -
Princeton, December 20, 1939. 
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DEBUTANTE METAL- BERYLLIUM 
IF beryllium could boast no definite 

commercial accomplishments, it 
could still lay claim to a measure of 

fame. What other metal remained, to the 
man in the street, little more than a 
name for a century, only to win promi­
nence overnight by strutting the Wash­
ington stage ? 

It is fact that beryllium was hardly 
known to the general public until hear­
ings before the Temporary National 
Economic Committee revealed that it 
was a strategic material of war ; that 
there was jockeying among nations to 
acquire the secrets of its use ; and that 
Germany led in the race. So much was 
said at the hearings about beryllium 
as a metal of the future that one could 
hardly appraise it as a metal in present 
commercial use, much less figure out 
what is required to translate futures 
into actualities. Now that the coming· 
out party fades from memory, just what 
is there about this debutante among 
metals that makes it so important ? 

Until the Washington hearings, beryl­
lium was tracing a perfectly normal, if 
little-known, course. There was its iden­
tification very long ago - 1797, to be 
exact. Then came its chemical isolation 
more than a century ago. Like many 
other elements, it remained a curiosity 
for decades before its value was recog­
nized. Just prior to the great inflation 
in Germany, the firm of Siemens Halske 
put a staff of men to work probing this 
unknown metal, in the correct belief 
that one of the best ways to preserve 
capital is to plow it into productive re­
search. That really dates the commercial 
beginning of beryllium, because at that 
time was discovered the extraordinary 
heat-treatable characteristics of beryl­
lium-copper alloys - a discovery of 
immediate commercial value. 

OF course, a lot of things had to be 
discovered to bring beryllium out 

into the open. Methods of recovery had 
to be devised, because research could 
not be widespread when only small 
amounts of the metal were available. 
As recently as 1922, the cost was $5000 
a pound. As extraction problems were 
solved, the price fell steadily' to reach 
today's figure of $15. As soon as in­
creasing amounts appeared, researchers 
undertook to study physical characteris­
tics. 

The peculiar qualities that recommend 
beryllium at this stage in its develop­
ment are : light weight - it is lighter 
than aluminum ; durability ; fatigue re­
sistance ; and a strong affinity for oxygen 
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Large Supplies . • •  Makes Extremely Hard Alloys of 

Copper, 

Needed . 

Other Metals . . Low Percentage is 

Research Finding New Alloys, New Uses 

By PH I L I P  H .  SM I T H 

USES FOR BERYLLIUM­
COPPER 

Fuse clips 
Switch blades 
Vibrator arms 

Contact brushes 
Appliance plug clips 

Plngboard contacts 
Switch jaws 

Circuit breaker springs 
Relay springs 

Brush holder springs 
Electric range switch parts 

Thermostatic control springs 
Leaf or helical springs 

Contact springs 
Bourdon pressure sprin gs 

Optical alloys 
Spring washers 

Sylph on bellows 
Diaphragms 

Fountain pen clips 
Camera parts 

Instrument parts 
Gasoline· and oil·pump parts 

Cams 
Valve parts 
Watch parts 

Gears 
Precision bearings and bushings 

Plastic molds 
Die casting dies 

Welding electrodes 
Non-sparking tools 

and sulfur. These qualities have been 
exploited to make beryllium valuable 
in a number of ways which require dis­
cussion. 

Beryllium plays its outstanding role 
as an alloying metal, and beryllium­
copper is out in front at the moment. 
Copper, as we know, is a soft metal, but 
add anywhere from 1 .5 to 2.75 percent 
of beryllium, give it heat treatment, and 
it acquires hardness comparable with 
that of steel. The usual admix is about 
2 percent. When beryllium is added in 
such amount, the resultant alloy shows 
a tensile strength of 70,000 pounds per 
square inch in an annealed, soft state, 
whereas cold-rolled and heat-treated 
strip will give a tensile strength of 190,-
000 pounds per square inch. By way 
of contrast, structural steel has a tensile 
strength of 60,000 pounds. 

It is the peculiarity of this alloy that 

it can be formed in relatively soft tem­
per, and in the ductile state can be 
rolled, forged, and drawn. After heat­
treatment it acquires its extreme 
strength and hardness. 

Beryllium-copper has very wide use 
as a spring material. A more uniform 
product can be made - because of the 
above-mentioned heat-treatable charac­
teristic - than is possible with spring 
steel and phosphor bronze, and the al­
loy is virtually untiring. A beryllium­
copper spring, for example, can be 
flexed 15 billion times as contrasted to 
400,000 for phosphor bronze. In addi­
tion to imparting strength and hardness 
to the alloy, heat-treatment also in­
creases the elastic limit, modulus of 
elasticity, electrical and thermal con­
ductivity, and wear resistance, These 
added properties can be controlled 
through proper time and heat regula­
tion. Finally, beryllium-copper is non­
magnetic and will not spark when struck. 

Is it any wonder that this new alloy 
has cut a wide swath in the manu­

facture of springs ? The number and 
variety of applications is, today, so 
broad that reference had best be made 
to the accompanying table. But, at the 
same time, it would be an error to be­
lieve that simple substitution of beryl­
lium-copper has achieved the desired 
result. Success has come as a result of 
keeping in mind the basic properties of 
the alloy when designing a product, 
as well as understanding completely the 
heat-treating process. With this back­
log of knowledge, manufacturers have 
been employing beryllium-copper to 
produce, for example, springs having 
smaller over-all size for use in re-de­
signed equipment featuring space sav­
ing. Such change-overs continue. 

The high strength of beryllium-cop­
per, coupled with wear resistance, has 
recommended the alloy for bearings, 
bushings, and certain types of gears. 
Its non-sparking quality, coupled with 
hardness, makes it suitable for special 
tools to be used in plants where there 
are explosives or in flammables. If the 
practical nature of such tools is ques­
tioned. doubt can be dispelled by dem-
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onstrating that a beryllium­
copper chisel can be driven 
through steeL As contrasted 
to bronze, beryllium-copper 
has a five times greater wear 
resistance when used in 
conjunction with steel, and 
the alloy has been used 
quite successfully with un­
usually high loads where 
there is small relative 
motion_ 

Within the past few years 
there has been considerable 
experimentation with beryl­
lium-copper as a material 
for cast molds in the plas­
tics industry_ Some of this 
work has been fruitful, and 
cast beryllium-copper molds 
are in use today because 
they approach the ideal still 
being sought. The particular merits of 
the material are three in number : a low 
melting point and good flowing qualities 
which give excellent reproduction of 
detail ; high compressive strength upon 
heat-treating, and a thermal conductiv­
ity twice that of steel, which permits a 
quicker molding cycle_ 

There are many types of beryllium­
copper, but it will be sufficient to men­
tion one more_ This is an alloy formed 
with 0_4 percent beryllium, 2.6 percent 
cobalt, and the remainder copper. Wire 
of this alloy has been drawn to a tensile 
strength of 137,000 pounds per square 
inch, having a conductivity 50 percent 
that of copper_ It has been 
used to make electrodes for 
resistance welding and has 
proved satisfactory in spot­
welding stainless steel, in 
seam-welding wheels, and in 
electrode parts for projection 
welding_ 

. 

S C I E N T I F I C  A M E R I C A N  

Above : One source of beryllium­
beryl crystals_ Below : Master alloy 
--4 percent beryllium ; rest, copper 

143 

260,000 pounds per square 
incn as contrasted to 60,000 
pounds for structural steel, 
and 90,000 for stainless 
steeL Here, again, 2 per­
cent of beryllium does the 
trick_ 

This revelation - that 
there was a material avail­
able which would improve 
the performance of aircraft 
engines - touched off a 
series of questions_ Is there 
an adequate supply of 
beryllium in this country ? 
Can we make beryllium­
nickel ? Cannot beryllium 
be employed to make a 
strong, light alloy of alu­
minum or magnesium? 
These questions were raised 
in rapid succession and 

their answers will throw more light on 
this metal extraordinary. 

THERE is no scarcity of beryllium. 
It exists plentifully in beryl and 

other mineral ores scattered through­
out this country and the rest of the 
world_ Its extraction in the pure state 
is difficult and expensive, but it can and 
is used readily in oxide form_ Cost of 
extraction varies in accordance with the 
richness of the ores and, at the moment, 
most beryllium is obtained as a by­
product of other mining operations_ 
Having found how to use beryllium 
oxide in alloying copper, a short-circuit­

ing of the process has led to 
lower costs, but problems 
ansmg in production of 
beryllium-nickel are not the 
same. 

Beryllium-nickel will be 
made here under German li­
cense_ One of the revealed 
difficulties is that alloying THE amazing change cannot be carried on with con-

wrought in copper by a ventional methods without 
touch of beryllium created undue loss from oxidation, 
an alloy with immediate and that special equipment 
practical use, but it remained is required to do the trick, 
for beryllium to touch nickel unless, of course, something 
to set off a whole chain of hitherto unknown is discov-
verbal fireworks in Washing- ered about the handling of 
ton_ The alloy, beryllium- the metals 
nickel, has not been made in The union of beryllium and 
this country, because the aluminum to make a light, 
method is unknown and ex- Beryllium-copper tools find use near explosives because strong alloy, is still more of 
perimenters are momentarily tbey won't spark, will easily cut cold-rolled steel, below a hope than a reality, despite 
stopped. It has been made in Germany all published reports of success_ When 
and the international patent situation beryllium is used in high percentage to 
was what brought beryllium into the contribute its advantages of lightness 
Washington hearings. Testimony was and rigidity, the resultant product is 
presented to the effect that beryllium- too brittle in the cold state to be com-
nickel valve springs functioned in air- mercially useful. Some investigators 
craft engines without showing the claim that aluminum can be age-hard-
slightest fatigue and that bushings of ened, while others declare that alloys 
the material never failed in German of the duralumin type alone can be so 
planes_ It is known, further, that the benefitted, and that small amounts of 
alloy, heat-treated from the hard rolled beryllium added to aluminum are inert 
material, acquires a tensile strength of or behave in the manner of silicon. At 
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Photographs courtesy The Beryllium Corporation 
Pouring a master alloy of beryllium and copper 

the moment, there is a hint that beryl­
lium and aluminum can be combined to 
create an alloy having a high tensile 
strength and yield point at operating 
temperatures of 500 to 600 degrees, 
Fahrenheit. If this hint is substantiated, 
the aircraft industry may have a new 
material for pistons. 

Magnesium, another hope, has not 
yet gratified experimenters by forming 
an alloy with beryllium, and the prob­
lem is complicated by the difference in 
melting points. Whether or not some 
way will be found to make the ultra­
strong, light-weight alloys which hope 
has made "fact" in the news, remains to 
be seen. The value of such a discovery 
puts it in the not-impossible class of 
research projects. The mere suggestion 
that hope is not abandoned is a way of 
saying that probers will keep hard at 
work. 

Among research men, there is specu­
lation as to what might be done by em­
ploying powder metallurgy to combine 

beryllium and aluminum or magnesium. 
Significant results have been obtained 
by mixing the powders of other metals 
and heat-treating to produce hard ma­
terials, so why not try it here ? 

Some of the interesting successes in 
beryllium research are nickel-chrome­
iron-beryllium and beryllium-gold. The 
former alloy has a possible elastic limit 
of 200,000 pounds per square inch, is 
highly corrosion-resistant and non-mag­
netic. Its commercial use is now limited 
to replacing watch-spring steel in high-

Typical use of beryllium-copper, 
for its fatigue resistance, in electri­
cal contacts for time-control clock 

Left ; The thermo­
static control for an 
automobile heater 
uses beryllium-cop­
per spring contacts 
as shown at left end 
of this double cable 

Right: The same 
alloy, in cast form, 
is used in many 
kinds of electrical 
apparatus. The pho­
tograph shows the 
metal cast as a part 
of a circuit breaker 
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grade watches. Beryllium-gold, formed 
with 1 percent of beryllium, is extreme­
ly hard and can be used as a dental 
inlay and for low-melting gold solders. 

While beryllium's affinity for oxy­
gen is a nuisance in the production 
of certain alloys, this affinity is an asset 
to industry. The metal reacts with all 
oxides at high temperatures and seizes 
upon nitrogen, sulfur, and carbon, as 
well. The deoxidizing and de sulfurizing 
properties are now being used to permit 
production of high-conductivity copper 
castings and to remove the sulfur in 
steel melts. Even when a high sulfur 
content remains in steel, it is still pos­
sible to roll it if beryllium is present in 
small amounts. Pure nickel can be 
rolled without using magnesium and 
manganese if beryllium is added. 

IT should occasion no surprise if 
beryllium makes more rapid com­

mercial progress from now on. Alumi­
num, molybdenum, and the rest of the 
newer metals required a solid ground­
work of research before they advanced 
far into industry. Beryllium production 
processes have been simplified to bring 
price within a range that warrants re­
search looking to wider commercial ap­
plication. The achievements of beryl­
lium-copper have been adequate to 
answer skeptics, and resistance to adop­
tion is  now very largely overcome by the 
knowledge which fabricators have ac­
quired as to its use. The metal is hardly 
obtainable in the pure state, but there 
are master alloys available with copper, 
nickel, and iron. 

In many respects cost is still a deter­
rent to use, but when it is recalled that 
other metals began their careers from a 
high plateau and dropped lower as use 
expanded, the present course of beryl­
lium is wholly normal. If, as many still 
hope, alloys with light metals can be 
produced, cost will be less of an ob­
stacle because performance will be 
worth the price. Such an achievement 
would justify all the research work 
which could be brought to bear upon 
the problem, and would validate all the 
flaming headlines which have promised 
a revolution in metals. 
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WHY PURE SCIENCE PAYS 
Time After Time Scientists Interested in Finding 

New Facts Purely for Their Own Sake - Intellectual 
basis of the motion of the Moon. It is 
these principles that are the base of the 
entire complex of mechanical things 
that we possess at the present time. Curiosity Have Handed Fortunes to Industry 

Astronomy made necessary the study 
of optics. It has developed the strength 
of the human eye until it has become a 
200-inch reflector. Optics has, in the 
other direction, aided in the develop­
ment of the microscope, until all the 
beneficent results of microscopic in­
vestigation are now in our possession 
and the end is not yet. The development 
of the study of optics and the correction 
of the imperfections of the human eye 
has given us the universal use of ordi­
nary eyeglasses which have become one 
of the great factors in safety, in human 
enjoyment, and the advancement of edu­
cation. 

By A .  CR E S S  Y M ORR I S ON 
President of the New York Academy of Sciences 

MICHAEL FARADAY'S discovery 
of the principle of electromag­
netic induction, was, for him, the 

reward of an excursion into the un­
known ; the fruit of pure reason ; an 
idea embodied ultimately in an experi­
ment_ To Faraday's contemporaries, his 
discovery meant little or nothing. To 
those of us who live in this electrical 
age, Faraday's toy has become the 
foundation of a new civilization. It 
showed the way to harness the vastly 
powerful forces of electricity. Light, 
heat, power, and all the wonders which 
flow from the millions of electric dyna­
mos and motors, which lift burdens of 
toil from our shoulders, delight and 
amuse us, employ simply and directly 
the principles of Faraday's discovery. 

Whatever may have been Faraday's 
gift of prophecy, it is certain that he was 
led to this discovery, as to others, by an 
insatiable desire to learn and to know. 
No hope of other reward was needed to 
goad his active imagination. No vision 
of immediate usefulness spurred him in 
the search for truth. 

Quite obviously, in our fast moving 
age, the long gap between Faraday's 
discovery and its application to human 
needs has been materially shortened by 
the development of vastly intricate in­
dustrial machinery to feed upon and 
utilize the results of researches in pure 
science. Obviously, too, the wealth cre­
ated by industry should supply the es­
sential support and stimulus to research 
in pure science. President Conant of 
Harvard has described this relationship 
by a happy analogy drawn from the field 
of biology. He terms the mutual inter­
dependence of pure science, pursued 
for the purpose of increasing human 
knowledge and industry, whose object­
ive is the creation of wealth in the 
broadest sense of that word, as "sym­
biosis" ( living together ) .  To make this 
meaning clear, he illustrates symbiosis 
by describing the process by which 
lichens live. A tender green plant syn­
thesizes food for itself and also for a 
strong colorless fungus whose hardiness 
protects both from destructive forces. 
The application of the figure to the 

present subject and its aptness in de­
scribing it are evident. 

Each phase of knowledge is connected 
by strings, often invisible, to a previous 
state of knowledge. Hence, we must 
give considerable credit to astronomy 
for things that are now of everyday use. 
Let me give some instances of fundamen­
tal ideas essential to further develop­
ment of science, which have come from 
astronomy. The connections are so re­
mote as to have become practically lost. 

A MATHEMATICAL equation de­
vised by Clark Maxwell has given 

us radio and television. The velocity of 
light was first discovered by Roemer 
from observations of the eclipses of 
Jupiter's satellites, and the notion of 
velocity of light or radiation was essen­
tial to the formulation of Maxwell's 
laws. A second instance of a very re­
mote connection is Newton's law of 
gravitation and the principles of me­
chanics, which were arrived at on the 

We are indebted to astronomy for the 
spectroscope, which discloses with mar­
velous accuracy the constituents of 
mixed elements to be found throughout 
the universe, but few realize that this 
same instrument is now in practical use 
in hundreds of industries, and is dis­
closing immeasurably small amounts of 
impurities which may be useful or harm­
ful in substances heretofore considered 
as pure. The majority of astronomers, 
if asked "What is the use of astrono­
my ? "  would probably quote Poincare, 
"L'astronomie est utile parce qu'elle est 
belle" ( astronomy is useful because it 

Research in pure science at the General Electric Company. Hard-headed indus­
trial men have learned that research in pure science often pays fat dividends. 
Experience abundantly proves that, if research men are permitted to broaden 
the scope of their probings, unexpected insights and by-product facts tum up 
and can be converted into wealth exceeding by far the original research costs 
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is beautiful ) .  If we study the work of 
Copernicus and the impact of Galileo's 
pronouncement that the Earth is not the 
center of the universe upon the ideology 
of the world, we find that it has changed 
and is changing the philosophy of every 
human being. 

Daguerre discovered photography­
step by step it has advanced. As early 
as 1869 the process which awaited only 
the development of the film and 
the proper chemicals to produce 
pictures in color was announced. 
The moving-picture industry 
rests upon his discovery, and its 
effect upon the world is already 
apparent. Who would have sup­
posed that Daguerre's discovery, 
as now developed, would so im­
prove the accuracy and facilities 
of astronomy that nebulae have 
now become island universes, 
space has grown from thousands 
to millions of light-years, new 
radiations have been recorded, 
and photography has become 
the handmaiden of astronomy ? 

S C I E N T I F I C  A M E R I C A N  

converts their oil content into a palata­
ble, nourishing solid fat. The first World 
War was begun only after Germany was 
assured independence of imported ni­
trate for explosive manufacture by the 
perfection of Haber's catalytic process 
for making the air supply this military 
essential. Though a military essential, 
how much more important is the fact of 
an unlimited supply of nitrogen to fer-
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they were burning. Dumas learned that 
the wax had been bleached with chlo­
rine, and he found that chlorine had 
evidently replaced some of the hydro­
gen of the wax, yet had not destroyed 
its essential nature. His published paper 
on what he had found is one of the 
classics of chemistry, but the idea in it 
was so new that it was met with jeers. 
It inspired the publication, in Liebig's 

Annalen, of an ironical paper 
written by Wohler, but signed 
"S. C. H. Windler" ( swindler ) .  

In spite of the early disbelief 
and ridicule, the fact of substitu­
tion was soon well established 
and its application has influ­
enced the greater part of the 
development of organic chemis­
try, in the factory as well as in 
the laboratory. Without substi­
tution, the chemist could never 
have produced the synthetic dyes 
or the hundreds of invaluable 
medicines. It is commonly said 
that the dyes are obtained from 
coal tar. The truth of this mis­
leading statement is that a few 
essential compounds obtained 
from coal tar are the raw ma­
terials from which are built up, 
step by step, with the aid of sub­
stitution, the complicated mole­
cules which meet hundreds of 
human needs. The enormous de­
velopment of synthetic organic 
chemistry is an outgrowth of a 
simple but fundamental discov­
ery. 

P
ERHAPS no single scientific 
discovery has had today such 

enormous and so valuable use 
as catalysis, invaluable tool of 
chemistry. Indeed, there are few 
processes of chemical industry 
which do not employ such a 
promoter of one kind or another 
to accelerate and direct chemi­
cal reactions toward desired 
ends. Even the simple, univer­
sal reaction of combustion re­
quires the presence of a minute 
amount of water vapor to allow 
it to proceed. 

The ancients visioned the in­
valuable usefulness of the pro­
moters of chemical reactions 
which we now designate as cat­

Apparatus used by Dr. Paul R. Heyl at the N
'
ational 

Bureau of Standards, for "weighing the Earth," or 
determining the constant of gravitation. But why 
spend public funds for weighing the Earth ? One of 
many practical problems to which this research 
is related is locating oil with similar apparatus 

THE photo-electric effect was 
discovered by Hertz and 

Hallwachs in 1887 and 1888, re­
spectively, more or less through 
difficulties with experiments car­
ried out for other purposes. The 
photo-electric effect underlies 

alysts and sought a universally active 
substance of the kind under the name of 
the "philosopher's stone." The advent 
of chemistry as a science directed at· 
tention toward these traces of extraneous 
substances necessary to bring about cer­
tain chemical reactions, and, more than 
a century ago, Berzelius had accumulat­
ed enough information on the subject 
to give phenomena of this type the name 
catalysis. Berzelius and a host of other 
investigators in the decades that fol­
lowed pursued these inquiries without 
expectation of reward, but no intellec­
tual pursuit has had more significant 
consequences. Sulfuric acid, as univer­
sally valuable in chemical manufacture 
as pig iron is in mechanical industry, is 
produced in our own country by the 
millions of tons annually by processes 
utilizing platinum, vanadium oxide, and 
other materials as catalysts. 'Enormous 
tonnages of cottonseed no longer are 
wasted to clog streams and foul land­
scapes, since a catalytic process easily 

tilize our cultivated fields and ultimately 
save the world from starvation. Our now 
commonplace, but still amazing, con­
quest by air of immense distances over 
continents and seas depends upon cata­
lytically prepared fuels and catalytically 
controlled burning of them in internal 
combustion engines. What is true of 
air-born commerce is quite as true of 
highway traffic in vehicles powered by 
similar fuels. 

A classical case in organic chemistry 
serves to illustrate the development of 
a chance discovery by an actively in­
quiring intellect into a fundamental fact 
of incalculable theoretical and practical 
importance. This is "substitution" or 
the replacement in an organic com­
pound, of an atom, usually hydrogen, 
by an atom of another element or by a 
radical ( a  group of atoms of two or 
more elements ) .  Substitution was dis­
covered by Dumas, when he was asked 
to find out why the candles at a ball in 
Paris gave off suffocating fumes when 

the sound effects accompanying pictures 
and is absolutely essential for television. 

"Marconi was inevitable," according 
to Abraham Flexner. "The credit for 
what has been done in the field of wire­
less belongs, as far as such fundamental 
credit can be definitely assigned to any­
one, to Professor Clark Maxwell, who 
in 1865 carried out certain abstruse and 
remote calculations in the field of mag­
netism and electricity. Maxwell repro­
duced his abstract equations in a treatise 
published in 1873. Other discoveries 
supplemented Maxwell's theoretical 
work during the next 15 years. Finally, 
in 1887 and 1888, the scientific problem 
still remaining - that is, the detection 
and demonstration of the electromag­
netic waves which are the carriers of 
wireless signals - was solved by Hein­
rich Hertz, a worker in Helmhotz's labo­
ratory in Berlin. Neither Maxwell nor 
Hertz had any concern about the utility 
of their work. They had no practical ob­
jective. The inventor in the legal sense 
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was, of course, Marconi. But what did 
Marconi invent ? Merely the last tech· 
nical detail, the now obsolete receiving 
device called a 'coherer,' almost uni­
versally discarded." Yet no man will 
deny him the vast credit due him for 
making pure science in this field of su­
preme importance to the world. 

We may smile at the entomologists 
who measure the proboscises of butter­
flies and bees, but the practical applica­
tion of their studies becomes immedi­
ately apparent, as is well-known in con­
nection with that very useful plant, red 
clover. It seems that Australia set out 
to grow clover, imported the seeds, and 
had successful crops for a year or two, 
and then the crops failed. It was then 
that the entomologists came to the res­
cue and imported bumble bees, the only 
insect that can fertilize red clover, and 
now clover grows. 

THE utility of geology as a means to 
the discovery of metals, minerals, 

oils, and to the location and physical 
characteristics of materials for dams and 
other structures, is so apparent that 
we cannot walk a paved street anywhere 
in the world without its geological re­
lationship echoing with every footstep. 
The search for the remains of prehis­
toric animals has led to discoveries of 
prime importance in all directions. But 
civilization, while based on material 
things, is equally dependent upon the 
increase of human knowledge. The 
greater our understanding of the struc­
ture of the earth and the history of living 
creatures through an almost infinite 
past, with their ultimate relationship to 
man, the more the mind of every think· 
ing person broadens, and better judg­
ment develops into tolerance and under· 
standing. These contributions may do 
more to the elevation of the mind of man, 
the real objective of human life, than 
can be gained from developments which 
add merely to man's security and com­
fort. 

Early attempts to measure the con­
stant of gravitation, using the torsion 
balance, provided experience which has 
made possible one and perhaps the most 
important form of geophysical prospect­
ing now used to find oil. 

Dalton's atomic theory and Mende­
leeff's periodic law developed the idea 
that all matter was composed of a lim­
ited number of kinds of indivisible build­
ing bricks, known to us as the atoms of 
the elements, out of which all things are 
constructed. While these concepts were 
indispensable as stepping stones to a 
better understanding of the structure of 
matter, they seemed to close the door 
to the possibility of anything outside of 
the material. 

The discovery of radium smashed 
these bricks and transformed them into 
little constellations, with a central nu· 
cleus about which revolved electrons at 
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Apparatus for placing matter under pressures of half a million pounds per 
square inch. This is research in pure science ; the experimenters were not aiming 
at any particular financial gain but were activated by intellectual curiosity. 
Yet almost certainly industry will find applications for the new knowledge gained 

infinitesimal, but relatively great, dis­
tances from the nucleus. This opened 
the door to a better understanding of 
forces, probably enormously more im­
portant to the ultimate destiny of man 
than the material benefits which have 
already so magnificently followed the 
discovery of radio-activity in all its pres­
ent applications. 

Few know that the study of the loco­
motion of fishes has added to the speed 
of airplanes. 

Gibbs' phase rule, as is well known, 
obtained in Gibbs' profound studies of 
chemical and physical equilibrium, is 
the guiding idea that has made possible 
a great part of our development of al­
loys and certainly had much to do with 
modern metallurgy. The real greatness 
of Josiah Willard Gibbs is slowly but 
surely becoming realized and as an 
American scientist he now takes his 
place as one of the first mathematical 
physicists of all time. 

The Joule-Thompson effect deals with 
the change of temperature when a gas 
expands from a high pressure to a lower 
one. It is the basis of the process of 
liquefaction of gases, and of the air­
conditioning and refrigeration indus­
tries we have at present. I doubt 
whether any reader of the original scien­
tific papers describing this discovery 
could have had any idea of the tremen­
dous potentialities of the simple "porous 
plug" experiments as originally carried 
out. 

In 1917, helium was a chemical curi­
osity that had been produced only in 
small quantities by investigators in pure 
science. Its discovery on Earth han fol­
lowed the finding of it in the Sun. Where 
it could be bought at all, it cost about 
$2000 per cubic foot. However, techni­
cal men saw the possibility of extract­
ing helium from natural gas for use in 
lighter-than-air craft and suggested it 

for military aeronautics. An efficient 
extraction process was developed, by 
which helium could be secured in quan· 
tity at low cost. Helium is now produced 
at approximately one cent per cubic 
foot, and in quantities suitable for man's 
uses. 

IN addition to the use of helium as a 
non-explosive lifting gas for airships, 

it is valuable for deep-sea diving and for 
medical purposes. Mixtures of helium 
and oxygen prevent caisson disease. 
Within the past year, new diving records 
have been made using helium. The med­
ical profession now prescribes helium 
mixed with 20 percent oxygen as a 
breathing atmosphere for persons af­
flicted with asthma, and this gives al­
most immediate relief. This humani­
tarian use of a once rare gas offers wide 
possibilities of medical application, ac­
cording to reports by doctors who are 
studying the effects of helium on res­
piratory diseases. 

On the fine work of separating helium 
from natural gas rests our greatest 
chemical industry. By the use of waste 
gases from petroleum and natural gases, 
the use of coal and lime and ultimately, 
oil shale, we now or will produce an 
unnumbered variety of valuable chemi­
cals, plastics, textiles like silk and wool, 
and possibly food and drink. 

These examples, drawn from many 
fields of purely scientific inquiry, show 
in unmistakable terms the enormous 
value of giving the searching imagina­
tion free reign. Even the calculations 
of astronomers, accustomed to huge fig­
ures, could not evaluate the wealth of 
comfort, convenience, health, and happi­
ness that stem from the researches I 
have mentioned. To forecast their effects 
on future generations is beyond human 
powers, great as these have been shown 
to be in other directions. 
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SOUNDLESS SOUND WAVES 
( In Two Parts-Part One) 

Ap ALM tree crashing to the ground 
on an uninhabited atoll makes not 
even the slightest break in the 

utter silt'nce. This statement is correct, 
of course, only in the sense that no ear 
perceived the fall. So far as the adja· 
cent air molecules were concerned, how· 
ever, sound waves were generated 
because the crash set them into longi· 
tudinal vibration. 

Yet even the presence of an auditor 
does not always insure that a sound will 
be heard. This follows from the fact that 
the eardrum of the average human being 
responds only to sound vibrations rang· 
ing from a floor of about 20 to a ceiling 
of perhaps 20,000 cycles per second. 
What goes on in this 20 to 20,000 range 

Redrawn from The Jour. Scientific lnstrumenb 
Figure 1 :  The simple principle of 
the Hartmann ultrasonic generator 

is, needless to say, of daily vital con· 
cern to everyone. Indeed, its omnipres· 
ence seems, on occasion, to be almost 
too much with us. What transpires in 
the basement below 20 and, more es· 
pecially, in the upper stories above 20,· 
000 is more inobtrusive but it constitutes 
one of the more interesting displays in 
the Curiosity Shop of physical chemistry. 

The region of the subaudible, that is 
of sound waves with frequencies below 
20 cycles, is of but little practical im· 
portance. The amusing story is told how 
by their use R. W. Wood, Research Pro­
fessor of Physics at the Johns Hopkins 
University, once-and only once-pan· 
icked a theater audience. The author of 
the play planned a blackout punctuated 
by a shrill, drawn-out scream, to repre· 
sent the turning back of 145 years. In 
rehearsal, however, the transition proved 
none too convincing. Wood therefore 
l ugged a 40-foot organ pipe backstage 
and, timed with the scream, poured a 
flood of powerful but inaudible sound 
waves over the darkened orchestra. An 
eerie chill of unreasoning fear swept over 
the audience and when the blackout 
faded 145 years earlier the lights re­
vealed that the audience had precipi-
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The Odd Realm of Supersonics-Inaudible, Versatile 

Vibrations-is Receiving Increasing Attention From 

Scientists Paradoxical Behavior 

By WAL T E R  L. F I N LAY, Ch.E. 
Research Chemical Engineer, Remington Arms Company 

tously declined to make the transition 
and were safe in the 20th Century, out­
side the theater. Later, a shaken specta­
tor observed that he had experienced 
much the same sensation just before the 
San Francisco earthquake. 

Above the audible range is the region 
of the ultrasonics ( ultra-beyond ; son­
ics-sound ) .  These soundless sound 
waves have recently become the focus 
for a flattering share of scientific atten­
tion! The spotlight is well merited. The 
investigator is lured on not only by the 
potential importance of ultrasonics­
both theoretically and practically-but 
also by their paradoxical behavior. The 
latter is particularly intriguing, for ul­
trasonic vibration is, among other 
things : A producer of dispersions of 
solids in liquids but a destroyer of dis­
persions of solids in gases ; in liquids, a 
disperser of solids but a coagulator of 
gases ; in electrolysis, a promoter of de­
sirable but a suppressor of undesirable 
gas evolution ; with pathogenic bacteria, 
in some cases an augmentor and in 
others a diminisher of virulence ; and, 
when applied to a human limb, a heater 
of the marrow but a non-heater of the 
bone ! 

THESE are versatile vibrations in­
deed. Frequencies from 20,000 up to 

500,000,000 cycles per second have been 
experimented with. In the higher ranges 
these vibrations take place so rapidly 
that the remark has been made that these 
vibrations are "all acceleration and no 
motion." 

No very efficient producer of ultra· 
sonic vibrations has as yet been devel­
oped. At present the three most popular 
ultrasonic generators are the Hartmann 
air j et, the piezoelectric oscillator, and 
the magnetostrictive vibrator. 

The Hartmann generator ( Figure 1 )  
functions by directing a jet of air with 
a velocity higher than that of sound from 
a nozzle, N, into a special cup-shaped 
receiver, O. The frequency of the ultra­
sonics produced is a function of the 

l Over 500 single publications in the last decade 
and the recent publication of a textbook ( "Ultra­
sonics , "  by L. Bergmann, 1938) , also " Supersonics , "  
lectures by R. W. Wood, 1939. 

dimensions. Professor Hartmann reports 
the relatively high efficiency of 4 percent 
for his device. 

Piezo means "to press." A piezoelec­
tric crystal is one which, when pressed, 
develops a voltage between the faces 
pressed. Since the value of the voltage 
is proportional to the pressure, the piezo­
electric crystal affords a very neat and 
accurate means for the measurement of 
pressures. What is even more interest­
ing and more to the point of this discus­
sion is the fact that the piezoelectric 
effect is reversible ; that is, if an alter­
nating voltage is applied to the faces of 
a properly cut piezoelectric crystal, the 
crystal will alternately expand and con­
tract in phase with the applied voltage, 
thereby producing sound waves. 

The most commonly used piezoelec­
tric crystal is quartz but there are many 
others. The feature which all these crys­
tals have in common is the fact that they 
lack a center of symmetry. At the ex­
pense of some oversimplification one can 
consider an ionic crystal to be made up of 
an array ( three-dimensional network) of 
positive ions interpenetrating an array 
of negative ions. In the uncompressed 

\ 

COLD WATER 
1-----N i 

COOLI NG WATER 

After Schmidt and Ehret In Zeit fur EZektrochem. 
Figure 2 :  Apparatus for making ul· 
trasonic waves magnetostrictively 
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crystal the ionic charges cancel out com­
pletely throughout the crystaL Hence 
the crystal as a whole is neutraL But if 
a crystal, which is not symmetrical about 
its center, is compressed, the spatial 
relationship resulting in overall neu­
trality is not maintained, the ionic 
charges no longer cancel each other out 
completely and net charges appear on 
opposite faces_ In the reversed case, 
when one face is positively and the other 
negatively charged, the crystal expands 
or contracts depending upon the polarity 
of the impressed voltage_ 

Equally useful and interesting is the 
magnetostriction effect-the third meth­
od. If a rod of ferromagnetic material 
is placed in a magnetic field parallel to 
its length, the latter is changed slightly 
-perhaps one part in a million-and a 
reversal of the field will reverse this 
change_ Like the piezoelectric effect, 
this phenomenon is reversible. Com­
pressing a nickel rod, for example, will 
increase its magnetization. And, if a coil 
is placed around the rod, the compres­
sion will induce an E.M.F. in the coiL 

A N experimental magnetostrictive os­
.fl. cillator devised by Schmid and 
Ehret is shown in Figure 2. A water­
cooled nickel rod, Ni, about 10 inches 
long, is used as the vibration generator. 
It is magnetized by the direct current 
coil C1 and excited into magnetostrictive 
vibration by a high-frequency current in 
the water-cooled, copper-tubing coil C2 •  
The Bakelite collar, B, supports the rub­
ber ring R. A crucible, T, is brazed to 
the nickel rod at A_ Schmid and Ehret 
were investigating the effect of ultra­
sonics on metals, hence the crucible, in 
this particular example, is surrounded 
by a furnace. 

When this crucible was filled with 
water and ultrasonically vibrated, the 
water was transformed into a very fine 
mist in less than one minute. Any liquid 
of low viscosity is similarly atomized. 
Professor Boys has pointed out an inter­
esting analogy to this in the explosion 
of a depth charge. The first intimation 
to the observer at the surface that the 
charge has exploded is the sudden de­
velopment of a fine spray some 10 to 15 
feet high. Directly thereafter the famil­
iar geyser, propelled by the explosion 
gases, lifts its tons of water gracefully 
from the sea and obliterates the mist. 
This mist is never noted after the explo­
sion of a mine because the relatively 
large volume of air in the latter acts as 
a cushion between the impact of the ex­
ploding gases and the water. 

Several interesting results were ob­
tained when metallic melts were sub­
jected to ultrasonic vibration in the mag­
netostrictive oscillator. Figures 3 and 4, 
for example, illustrate the grain refine­
ment which can be obtained. The metal 
employed happened to be cadmium. 
When a metal freezes, solidification 
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Figure 5 :  An unvibrated specimen 

The top pair of photomicro­
graphs displays the contrast be­
tween the grain sizes obtained 
without and with ultrasonic vi­
bration during the solidification 
of otherwise identical melts. 
The refined grain structure of­
fers considerably enhanced me­
chanical properties_ The next 
pair contrast a similar effect on 
an alloy with a brittle grain 
boundary. The latter is com· 
pletely broken up. That at right 
shows a dispersion of lead in 
aluminum ; with ultrasonic vi­
bration maintained during freez· 
ing the dispersion is maintained 

starts from a number of nuclei, or 
"seeds," and with further abstraction of 
heat these nuclei grow until the entire 
melt is solid. In Figure 3, which solidi­
fied without vibration, heat was removed 
from the top and the bottom of the cru­
cible. Hence the nuclei formed at both 
the top and the bottom and grew into the 
center of the melt. Thus the interlock­
ing, columnar-shaped crystals were 
formed. But, when the melt was ultra­
sonically vibrated, the nuclei were 
broken up and scattered throughout the 
molten metal and the fine-grained struc­
ture of Figure 4 was obtained. 

By a similar mechanism, segregation 
is counteracted, and brittle grain bound­
aries can also be broken up. Thus Fig­
ure 6 illustrates the effect of ultrasonics 
on the continuous grain boundary ma­
terial of the unvibrated specimen in Fig­
ure 5. 

Lead and aluminum are no more mis­
cible in the liquid state than are oil and 

Figure 4: Fine grain. Vibrated 
All photomicrographs courtesy Dr . G. Schmid and Zeit. fllr Elektrochem. 

Left : Figure 3 :  Coarse, nnvibrated 

Figure 6 :  Same specimen, vibrated 

Figure 7 :  A vibrated dispersion 
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water and their difference in densities is 
much greater. Nevertheless, even here 
the industrious ultrasonics can bring 
about a fair degree of emulsification. 
Figure 7 shows a dispersion of lead in 
aluminum. This dispersion is not very 
stable but if the ultrasonic radiation is 
continued until freezing is complete the 
dispersion is, of course, maintained. 

The potential commercial applications 
of ultrasonics are interesting. A whole 
new industry, popularly known as 
powder metallurgy, has come into be­
ing in the past few years to fill certain 
definite needs which conventional metal­
lurgical methods could not satisfy ; for 
example, to make "forced alloys" for 
bearings of metals which are immiscible 
in the liquid and solid states. Perhaps 
the emulsifying power of ultrasonic vi­
brations offers an alternative process for 
effecting certain metal combinations 
otherwise unobtainable. 

( To be concluded) 
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RESTORING ROME's COLOSSEUM 
How the lions, tigers, and other 

savage beasts were handled and 
liberated simultaneously into the 

arena of the great Roman Colosseum 
with a dispatch that would do credit to 
Frank Buck, Clyde Beatty, or any other 
famous animal director, has been re­
vealed by the excavations of Prof. Gui­
seppe Cozzo, an Italian authority on 
that historical structure. For centuries, 
until recently, the lower half of the 
Colosseum has been buried and none of 
its lower parts has been visible. 

After several months of excavations 
into the long-hidden depths of the Col­
osseum, Professor Cozzo has uncovered 
the hypogeum or "back" stage, 20 feet 
below the level of the arena, where the 
stage was set for gladiatorial combats 
with wild beasts, also where the stage 
settings and the cages for the beasts 
were kept. 

The ancient hypogeum contained not 
only the cages of the wild beasts but 32 
cells for lifting them simultaneously to 
the level of the arena. The animals, 
whipped by the keepers who followed 
them, were forced to pass from their 
cages to and along a passageway less 
than three feet in width to the elevator 
cells. In this narrow space they were un­
able to turn around to attack. The cages 
in which beasts were lifted are indicated 
by the discovered evidence to have been 
38 inches wide, five and a half feet 

Recent Excavations Beneath the Ancient Arena 

Reveal Elevator Shafts for Raising Wild Beasts 

to the Combat Level by Means of Counterweights 

By H. T. R U T L E D G E  

long, and almost six feet in 
height. This was large enough 
to permit holding the largest 
lions in these cages for sev­
eral hours at a time, in order 
to have them ready when 
they were wanted in the 
arena. The cages themselves 
no longer exist but their di. 
mensions have been approxi­
mated from the size of the ele· 
vator shafts. Similar cages 
probably will be constructed. 
The elevators were oper­
ated with counterbalancing 
weights - not alone by 
winches and pulleys as most 
authorities on the Colosseum 
had previously supposed. At 
a signal by the stage man­
ager, the 32 keepers released 
the respective counterweights 
and the 32 cages rose simul­
taneously. The cages had no 
doors but, until they were 
lifted, they were shut off by 

Workmen with dump cars of earth and de­
bris to be removed from beneath the arena 

Partly ruined tiers that once supported the seats in the Colosseum. Seating capacity was about 
50,000, though this is often exaggerated - was done so, in fact, by the Romans themselves 

All photos by Andre La Terza 

iron gates immediately in front of them. 
As soon as the wild beasts reached 

the level of the arena, about 20 feet 
above, and found a free outlet they made 
their way, attracted by the light, through 
separated corridors and all appeared in 
the open at the same time. 

As the arena was an oval 281 feet in 
length and 177 feet in width, the com· 
bat sometimes lasted a long time, since 
the battle probably was not immediate­
ly provoked, as it would have been in 
a small space. Indeed, the arena was so 
large that the contest with the beasts 
was called venatio - a hunt - and the 
men who hunted were called bestiari. 

Eighteen hundred years ago a band 
of gladiators in the arena held their 
spears at an angle against the sand floor 
as they nervously awaited the entrance 
of the lions. At a preconcerted signal, 
the famished lions appeared from the 
sides of the arena, stalked the gladiators, 
and the battle with the beasts followed. 
Thrilled by this terrible spectacle 
which came to cap a program of cruelty, 
more than 50,000 spectators, often in­
cluding the Emperor and always many 
of the nobility of Rome, looked down 
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from the several tiers of the great Col­
osseum. 

Although there were many amphi. 
theaters in Roman territory, including 
the one so graphically described in Bul· 
wer Lytton's "Last Days of Pompeii," 
none of the others had the elaborate 
equipment for such cruel mass perform­
ances as were held in the great Colos­
seum at Rome. In the hundred days of 
games held upon the opening of the 
Colosseum, 5000 lions, tigers, and 
other wild beasts and 3000 gladiators 
were slaughtered. 

As the Colosseum was unique in many 
respects it is important to reconstruct 
the giant edifice as near like the original 
as possible. However, restoration will 
not involve completely rebuilding the 
structure as it originally stood, but will 
mean the reconstruction of all those 
parts that remain. Thus the floor of the 
arena will be reconstructed, not of pine 
boards as it was in the Romans' day, 
but of substantial concrete - though a 
part of the flooring may be of boards, in 
order to give the public an exact idea 

How the central part of the Colosseum appears today after the current excavations, showing 
the complex structural details beneath the arena, which was carried on bridging planks 

Laborers trundling a dump car along a light track 20-odd feet below the level of 
the ancient arena. Through these same passageways howled the lions of old Rome 

of the maneuvers employed in setting 
the stage for gladiatorial combats or 
for great pageants and sporting events. 
It has also been suggested that sports 
be revived in this famous amphitheater. 

Now that the plan for reconstruction 
is under way, it will be of interest to 
recall some of the more outstanding 
facts about the Colosseum. Even today 
it is a gigantic and impressive structure 
and not at all lacking in majesty be­
cause of its modern surroundings. It 
was begun by the Emperor Vespasian, 
who brought with him on his return 
from Judea 12,000 Jewish prisoners to do 

the rough labor. It is 159 feet in height, 
and in plan is elliptical with the major 
axis 615 feet, the minor axis 510 feet. 
It is composed of huge blocks of tra­
vertine rock, though the interior is of 
marble and brick. It is still possible to 
see, near the top, the holes to which 
were attached the canopies which com­
pletely covered the great structure to 
keep off the hot sun. 

The arena was surrounded by a wall 
12 feet high to protect the onlookers 
from maddened beasts or men. This 
wall now is largely ruined. The base­
ment part which Professor Cozzo has 

been excavating is made of long, thin 
bricks ( Roman bricks ) .  

In the Colosseum the seats nearest the 
arena were reserved for the state offi­
cials, and above these were those for the 
nobles and the rich. Higher still were 
those for the populace. Exits (vomit­
oria ) were efficiently designed to facili­
tate departure of the crowds ; the Ro­
mans were just as aware of such matters 
as we are today, and perhaps a little 
more so than some of our earlier design­
ers of large auditoria. The Colosseum 
seats were numbered and the "tickets"-­
inscribed clay pieces-have been found. 

The first Christian martyrs to be 
thrown to the wild beasts died in the 
arena of the Colosseum and, because of 
these martyrs, who succeeded the glad­
iators, the Colosseum was venerated 
greatly during the Middle Ages. It was 
considered to be a monument conse­
crated to the martyrdom of the early 
Christians. Only for that reason was it 
saved and for the same reason the vast 
structure, partially in ruins but still 
impressive in character, is still revered 
by many in the civilized world. 

FOR hundreds of years, through which 
degeneracy and sensuality and ill­

won opulence helped bring about the 
corruption of once great Rome, the bru­
tal combats persisted in the Colosseum. 
Only when Telemachus, a white-clad 
monk, on January first, 404 A.D., 
placed himself among the blood-stained 
gladiators and called a halt in the name 
of God to the shedding of blood, did the 
gladiatorial combats cease. Telemachus 
was stoned to death, but Honorarius, 
the Consul, issued an edict forbidding 
such combats. 
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GLASS TAKES ON COLOR 
No longer is a mirror merely some· 

thing to use for shaving or to 
check the tilt of m'lady's milli· 

nery. The hand of research has lifted us 
out of the old·fashioned Looking Glass 
era. Colored plate glass, for example, 
has stimulated new thought, opened the 
door to a mental gold mine of inter· 
pretive thinking in applying new types 
of flat glass to serve us better in utili· 
tarian and decorative uses in every·day 
life. 

One of the interesting trends among 
architects, designers, and interior dec· 
orators now becoming increasingly 
popular is the practice of facing an en· 
tire wall area with plate· glass mirrors. 
Thus, in rooms of restricted size, is given 
a sense of spaciousness by apparently 
doubling the size of the room and repeat· 
ing furniture and fixture patterns by reo 
flection. This idea received added im· 
petus when plate glass became more and 
more available in large sizes, and it was 
accelerated particularly with the recent 
advent of colored plate glass. 

New Fields Opened for Plate Glass . . . Decorative 

Mirrors . . Sand-Blasted Designs . . •  Panels 

. . Careful Experimentation Lighted at Edges . 

By E A R L  A I K E N  

The most extensive use of modern flat 
glass of any installation that has yet 
been made in this country is in a Chi· 
cago restaurant. One whole wall was 
faced in colorful opaque structural flat 
glass, with colored inlay worked into 
a series of scenes depicting the harvest· 
ing of food products throughout the 
world ; sand·blasted designs in clear 
plate, the panels edge·lighted by indirect 
illumination to make the characters 
seem to float in space ; and a whole wall 
in mirrors against which was built a 
stairway and semi·circular ceiling light. 
ing fixtures. The restaurant seems 
double its actual size and the vast reo 
flecting areas repeat desil!n and colors 

in such a way that the surroundings 
strike a new high in practical fairy· 
landia. 

From the business man's standpoint 
this movement is thought. provoking. 
The Chicago restaurant just mentioned 
is not an exclusive rendezvous but a 
cafeteria where office workers are in the 
majority. Since modernization, the res· 
taurant's business has tripled. 

This new interpretation of what can 
be done with plate glass in the form of 
mirrors has lifted many prosaic com· 
mercial establishments to a new plane 
of utilitarian beauty. But the small 
gown shop, the little cocktail lounge, 
the drug store, and all the stores along 
Main Street Everywhere have no corner 
on the modern Magic with Mirrors ; the 
modern home, from the colonial Cape 
Cods to the modern streamlined dwell· 
ings, reflect the fact that you can see 
far more than yourself if you'll look at 
a mirror properly. 

SCIENTIFIC development of a prod· 
uct often is visualized by the layman 

as a drably mysterious evolution among 
test tubes, bi·focal delving into volumes 
of chemistry data by scholarly gentle· 
men who talk in riddles and move in an 
atmosphere of pre·occupied self-suffi· 
ciency. Quite the contrary, of course, 
modern scientific developments sparkle 
with interest. Consider, for example, 
the development of plate glass. Its bis· 
toric past and romantic present are 
rivaled only by its fascinating future. 

In order to get a better appreciation 
of it, however, it is necessary to under· 
stand, first of all, the difference between 
plate glass and sheet or window glass. 
Most people, when asked for the answer, 
usually say : "Well, plate glass is thick· 
er." and add an explanatory note that 
it'� "heavier" and "larger." 

IllustratIons courtesy Llbbey-OWens-Pord 

Mirrored plate.glass paneling, placed at one end of a living room, rellects the 
dining room beyond, making the living room seem larger than it is in actuality 

That isn't the answer, of course. In 
chemical content and physical size, win· 
dow glass and plate glass may be identi· 
cal ; the difference between them is that 
plate glass must have further processing 
to produce the characteristics which 
make it superior. When window glass 
leaves the lehr or annealing oven, it is 
a finished article, requiring only wash· 
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ing, cutting, and inspection before being 
boxed for shipment. But when a plate 
glass "blank" leaves the lehr it is still 
a semi-finished raw material requiring 
for completion even more work than has 
already gone into it. Its surfaces must 
be ground and polished to relatively 
close standards before it becomes plate 
glass ready for use as such. These pro­
cesses, developed and improved over a 
long period of years, require both ex­
treme care and large machinery invest­
ment. 

On broad conveyors wider than flat 
cars and, like flat cars, moving on rails 
and in trains, the blanks, continuously 
bathed in water and sand which varies 
from coarse to fine, are carried under 
rotating grinders where the corrugated 
surfaces are ground away to parallel 
planes, thus eliminating distortion by 
taking off waves and surface irregulari­
ties. Then the conveyors carry the glass 
onward without interruption under the 
polishing machines, where, with fine 
iron oxide-rouge-as an abrasive, the 
glass is polished to high luster by felt­
faced disks rotating at high speed. 

The surface, therefore, rather than 
content or thickness, distinguishes plate 
glass from window glass. The grinding 
and polishing of plate glass give su­
perior clarity, gleaming beauty, and uni­
formity of surface long recognized as a 
valuable factor in the manufacture of 
mirrors, in the display of goods in show 
windows and show cases. 

THOSE applications, however, have 
been broadened into a vast field of 

amazing scope during the past five 
years, but to evaluate this development 
more completely it is helpful to look 
back briefly into the history of plate 
glass, an absorbing chapter in America's 
industrial history. 

Although glass is one of man's oldest 
known materials, the invention of plate 
glass occurred in France in the 17th 
Century. The idea was conceived by 
Abraham Thevart and Lucas de Nehou, 
who contrived to pour glass while in 
fusion upon a table and to flatten it with 
a roller. Their goal was to produce 
larger and thicker sheets than was pos­
sible with the hand-blowing methods of 
that time. Apparently they had not con­
ceived plate glass as a highly polished 
glass of great clarity as we know it 
today ; their interest seemed to be con­
fined to getting larger and thicker panes. 
(Window glass at this time was first 
hand-blown into cylinders of restricted 
size, then cut on one side and reheated 
so the cylinder would slowly flatten out. 
Large panes of window glass as pro­
duced today were impossible to make. ) 
The first plate-glass plant began opera­
tions near Paris in 1668, and was soon 
duplicated in other countries, but the 
industry did not attain any commercial 
importance until the 19th Century. 

It is done with mirrors. The mezzanine rail is built against the mirrored wall, adding a touch 
of spaciousness and luxury to the surroundings that would be difficult to obtain in any other way 

For 100 years after Nehou and The­
vart poured their first crude plate glass, 
the product languished, its market being 
mainly for small mirrors. High produc­
tion costs, difficulties of transportation, 
and the many imperfections in the glass 
itself precluded its use during this 
period as a window glazing material. 

In the 19th Century, improvements in 
furnaces and the substitution of coal, 
and later of gas, for wood as a fuel 
gradually stimulated manufacturing im­
provements until France and Belgium 
were making a vastly improved plate 
glass-yet very inferior in quality and 
volume production compared to the 
present. 

It is interesting to digress here mo­
mentarily before high.lighting the 
American development of plate glass. 
The first attempt to make plate glass in 
America was in 1860, at Lenox, Massa­
chusetts, but for many years it was such 
an inferior product that practically all 
of the plate glass used in this country 
was imported. 

A representative of European glass 
interests boasted of this fact. Appar­
ently unaware of rapid developments in 
the United States, he finally became the 
target for a Philadelphia glass jobber. 
Secretly marking three lights of plate 
glass, the Quaker City merchant asked 
the agent to select the best of the three 
plates, explaining that at least one was 
of European manufacture. Much to the 
representative's chagrin he selected a 
plate glass that had just arrived from a 
glass plant in Missouri. 

Into the American glass picture, right 
after the Civil War, there strode a man 
who came to be known as the father of 
the plate-glass industry in this country. 
He was Captain John B. Ford, son of 
Johnathan Ford, pioneer Kentuckian 
who had left Danville in 1814 to join the 

Kentucky troops who journeyed down 
the Ohio and Mississippi to meet the 
British in the closing days of the War 
of 1812. John Ford, the son, had been 
born a year before and grew up to be­
come a successful iron manufacturer 
and Mississippi River fleet operator be­
fore turning his eyes to the possibilities 
of plate glass. Eight years after the first 
American attempt to make plate glass 
had failed in America, Captain Ford be­
came interested and, in 1870, began 
operation of this country's first commer­
cially successful plate-glass plant-in 
New Albany, Indiana. 

THERE followed 10 years of rapid 
expansion, climaxed by a financial 

collapse. Captain Ford had built sev­
eral plate-glass factories, but a com­
bination of circumstances found him, in 
1880, a man nearly 70 years old and the 
fruits of his long years of labor com­
pletely swept away. What he did to 
overcome this situation at his age, when 
most men have retired, is not only an 
epic of American hardihood, but an in­
tegral part of this country's plate-glass 
history. 

He had lost everything but an amaz­
ing energy and capacity for work. He 
boarded a train for New York City, 
hopeful of recouping some of his finan­
cial losses for a new start by selling a 
patent on sewer pipe made of rough 
glass to Peter Cooper. That famous in­
ventor and philanthropist was 20 years 
the senior of Captain Ford, but the two 
veterans saw eye-to-eye and the Captain 
sold his patent for a worthwhile sum_ 

On the train en route to see Mr. Coop­
er in New York, Captain Ford, due to 
his habit of striking up conversation 
with strangers who seemed interesting 
to him, had met General John C. Fre­
mont. He persuaded the famous soldier 
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Overhead lighting fixtures at the left are semi·circular ; the mirrored wall gives 
full·circle illusion. Structural flat glass, with sand·blasted designs, used at right 

to permit him to attempt to sell some 
lands held in the west by General Fre· 
mont. He made the sale and the com· 
mission he received from that, coupled 
with the sale of his patent to Peter 
Cooper, enabled Captain Ford to inter· 
est eastern capital in starting a plate· 
glass plant in Pennsylvania. This led 
to additional plants until all were 
merged into one large organization in 
Pittsburgh. 

Two sons, grown to mature business 
men, had joined Captain Ford about 

the time he built the Creighton plant 
and one of them, Edward, became the 
president of the Pittsburgh company. 
Edward Ford eventually resigned, and, 
in 1898, purchased a 173·acre farm site 
adjoining the city limits of Toledo, Ohio, 
and built what later became America's 
largest plate-glass factory under one 
roof. 

Edward Ford, son of the "father of 
plate glass in America" (who passed on 
in 1903 at the age of 91 ) died in 1920 
and exactly 14 years later the men who 
carried on helped to introduce a prod· 
uct-colored plate glass-that instantly 
made plate glass available in new fields_ 

Plate glass was first made about 275 
years ago. Up through the years, scien­
tific improvements in quality were the 
major goals as processes and equipment 
were improved, and its use by architects 
and designers increased accordingly, 
but there came a time when they said, 
in effect : "We can't use clear plate in 
any other way. Give us more color." 

Colored glass had been made in 
Europe for many years, but, due to lack 
of demand in this country, little had 
been manufactured here. 

Sand is a principal ingredient in all 
glass, but for plate glass it must be of 
the finest quality to insure clarity. 
Ottawa, Illinois, where much of the pol· 
ished plate glass used fOl' laminated 
safety glass is produced, is the hub for 
some of the best silica sand deposits in 
this country. Known as St. Peters sand, 
it received its name from surface de­
posits near St. Paul, along the present 
Minnesota River, formerly known as the 
St. Peter River. The deposits extend 
east and west, and from Minnesota 
southward into Arkansas. In many 
places the deposits are 1000 feet under 
ground, ranging upward in shallowness 
to surface exposures. Among the more 
important surface areas are those at 
Ottawa and Dixon, Illinois, 80 miles 
northwest of Ottawa, and in Calhoun 
County, Illinois, along the Mississippi. 

This sand is very white, exceptionally 
uniform in quality and has a low iron 
content-between .01 and .02 percent. 
So high in silica content is this sand that 
it shines and sparkles almost like glass 
itself. Most of us think of "fine white 
sand" as that found at Atlantic City and 
along Florida and California beaches, 
but, compared with St. Peters sand, they 
would produce a glass of poor color. 

Another fine grade of silica sand is 
quarried along the western foothills of 
the Appalachian range, from southern 
New York state into West Virginia. 

In 1934, the Toledo glass scientists 
introduced a variety of shades of blue 
in plate glass. Three types of blue were 
selected-light, medium, and dark-and 
vision was possible through each. Color 
control ? Well. the glass men licked that 
problem and the public reaction to the 
blues was so favorable that green plate 
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was added, and then peach color. Was 
all this a great scientific problem ? Well, 
it could be made to appear so, but it 
was more a matter of careful and tedious 
experimentation. And there were some 
laughs, too. 

Take, for example, the time when 
some of the research group at the plant 
founded by Edward Ford were nosing 
around for the best ways to make golden 
plate glass, introduced commercially 
this year. 

One day a truckload of sugar arrived 
at the main entrance gates to the plant. 
The driver wanted to know just which 
of the many buildings beyond the fence 
was to get it. 

THE gateman, not having been in· 
structed, assumed that such an item 

as sugar must have been ordered by the 
manager of the lunch room operated on 
the grounds for the convenience of the 
office workers. Some minutes later the 
lunch room manager, a rather quick. 
tempered chap, investigated the racket 
going on in the rear as the truck driver 
began unloading the sugar. 

"What's that stuff? "  he demanded. 
"Eight hundred pounds of sugar," 

came the laconic reply. 
"Eight . . .  hundred . . .  pounds," 

snorted the commissary manager. "Why 
you big blankety zam zowie, I only have 
five sugar bowls. I couldn't use that 
much sugar in five years. Get t'hell 
outta here with that." 

After some unraveling, it was discov· 
ered that one of the research men had 
ordered the sugar. He had known that 
sugar, being a pure form of carbon, had 
often been utilized by bottle manufac­
turers to get an amber color. 

After experimenting with 800 pounds 
of sugar to arrive at a golden color for 
plate glass, however, he had to discard 
the idea of using carbon in this form, 
inasmuch as the resultant glass had 
"bubbles" in it. 

The terrific heat required to melt 
glass for proper handling makes it im· 
possible to use some color ingredients 
ordinarily practical for other materials. 
Any one of several faults in glass quality 
can develop. No dyes can be used, of 
course ; pigments are utilized exclusively 
and thus plate glass has only mineral 
coloring. 

It would require considerable listing 
to record all the coloring agents that 
were tried and rejected, but some of the 
minerals that get results include cobalt, 
chromium, nickel, copper, sulfur, anti· 
mony, selenium, uranium, titanium, 
manganese, and cadmium. 

All in all, Mr. Webster's definition for 
glass · seems inadequate. Glass is prac­
tically human. At least veteran glass 
men declare that during its manufacture 
glass has as many moods as some women 
. . . that you can never really be sure 
what it will do next. 
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• 'NATURE was the engineer," said 
Joseph Paxton when describing 
his great design, the famed 

Crystal Palace in London. To prove 
this, he exhibited a leaf of Victoria 
regia, the great water-lily of South 
America, and explained that "Nature 
has provided the leaf with longitudinal 
and transverse girders and supports that 
I, borrowing from it, have adopted in 
this building." 

From an engineering viewpoint, the 
enormous leaf, or pad, of this lily is so 
interesting that we quote below some of 
the details from a Journal 0/ the New 
York Botanical Garden article by H. W. 
Rickett. 

One who sees for the first time a leaf 
of Victoria regia floating on the water 
is likely to ask himself : "Would it hold 
me up ? "  It is said that the Indians, 
when they gathered the edible seeds 
( "water-maize" )  of the water-lily, placed 
their children for safe keeping on the 
leaves ( known to them as the "water­
platters" ) .  It is only necessary to place 
a board on the leaf to distribute the 
weight evenly over the surface. Indeed, 
if this precaution is taken, a large leaf 
will support a man weighing 150 pounds. 
One investigator reported pouring sand 
on to a leaf to the amount of 400 pounds 
before it sank. Considering the strength 
and buoyancy which this represents, it 
is the more remarkable that the texture 
of the leaf is very delicate. It is easily 
punctured by a small object falling from 
a small distance. This delicate blade 
floats as gently as a film of oil on the 
water, yet resists the depredations of 
animals and the impacts of waves and 
wind, and can support weights of sev-

A group of the gigantic lily leaves 
at the New York Botanical Garden 

eral hundred pounds, providing only 
that the load is distributed evenly over 
the surface. 

The clue to this curious combination 
of qualities is seen on the lower sur­
face. Here we find the structure to 
which Paxton referred in the words 
quoted above. The delicate flat blade 
is spread over a system of large ribs, 
Paxton's "girders," which. radiate from 
the point where the stalk is attached. 
The ribs are narrow but deep ; the free 

To have its picture taken, 
one of the great leaves 
was turned over, as shown 
at right, so that its struc­
ture could be examined. 
Below is shown a close-up 
of the "longitudinal and 
transverse girders and 
supports" on the under­
side of the leaf. These ribs 
give the leaf such strength 
that it will easily support 
several hundred pounds 

edge is somewhat broadened, but the 
web which connects this with the blade 
is quite thin. The main ribs of a com­
paratively small leaf are more than two 
inches high at the center of the leaf, and 
their thickened margins are less than 
an inch wide. Half way to the circum­
ference they are one inch high and the 
edges only '74 of an inch wide. These 
ribs are supported in a vertical position 
by cross-ribs, which run parallel to the 
circumference of the leaf and thrust 
against the sides of the main ribs ; many 
of them are an inch high. These, in turn, 
are supported by sloping narrow but­
tresses firmly anchored in the leaf-blade, 
and holding the cross-ribs upright. 

This is the structure, a product of  
nature in  a remote wilderness, which 
inspired the design for a great exhibi­
tion-building in a civilized country on 
the other side of the world. Ever since 
Paxton's day, the construction of green­
houses has involved similar principles. 

Structural design does not cease with 
the gross arrangement of parts, but ex-

tends to minute internal details ; the 
microscope is necessary to the under­
standing even of this enormous leaf. The 
ribs which appear so solid and massive 
are really structures of great delicacy. 
They are composed of air-filled tubes 
lying side by side, separated by thin 
membranes from their lateral neighbors 
and interrupted longitudinally by per­
forated partitions ; the bulk of the great 
rib is actually mostly air. 

Each tube is a structual unit which 
resists bending far better than would 
the same amount of material disposed in 
a solid strand. Therefore each rib, which 
is a bundle of such tubes, possesses great 
strength combined with lightness. 

The air-filled passages are of value to 
the water-lily not only for the strength 
which they afford to the leaf, but be­
cause they provide a means by which 
gases can circulate throughout the plant. 
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By this time, British naval authori­
ties may or may not have solved 
the mystery of the so-called mag­

netic mine. Our own Navy is doubtless 
cognizant of its general mechanical 
characteristics. Whether or not its secret 
has been solved does not alter the fact 
that nations readily concede it to be one 
of the most formidable and diabolic in­
struments thus far to make its debut in 
modern warfare. It is practically im­
mune from attack. It renders the convoy 
system a true hazard instead of a means 
of safety. It attacks the vulnerable bot­
toms of even the heaviest of armed battle 
cruisers Its presence cannot be effec­
tively detected by any known device. The 
Burney or paravane method of mine 
sweeping is helpless against it. Several 
mines might strike the same target, in­
suring immediate sinking with heavy 
loss of life. It is light enough to be car­
ried by planes. 

It is easy to conceive the possibility of 
bottling up navies with mines of this 
type. Sinkings that are quick and cer­
tain are the specialty of this improved 
weapon ; and unless effective ways and 
means are developed to combat its men­
ace, the greatest navies in the world are 
at the mercy of the unseen, undetect­
able, and unattackable. 

The mystery mines are of two types : 
First, the inert, shallow-water type ; and, 
second, the mobile, deep-water type. 

The mystery mine is comparatively 
light in weight since it requires no 
cables or anchors ; this fact makes sow­
ing by aircraft a practical possibility. 
Contrary to speculation, the present 
mine requires no parachute, but may be 
dropped into the sea from a height of 
200 feet, without damaging its mechan­
ism or without detonation. The de­
tonator does not become "alive" until 
the mine has been submerged and sur­
rounding water pressure actuates a 
spring-loaded hydrostatic trigger which 
sets the detonation circuit by piercing 
the seal on a small tube of mercury. 
This mercury fills a cavity containing 
the contact points of the detonation cir­
cuit. 

One plane may carry a dozen mag­
netic mines and drop them as it flies low 
over the ocean shipping lanes of an 
enemy country. If the cargo is composed 
of deep-water mines, it will drop them 
from a height of from 100 to 200 feet 
directly into the sea, and they will imme­
diately sink to the bottom at depths up 
to 400 feet. What happens then may 
best be understood by an examination of 
the mine's mechanism as shown in the 
accompanying drawing. 
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The mine has three distinct compart­
ments within a casing of non-magnetic 
metal. The upper one contains a bat­
tery, a magnetic device, or grid, of the 
compass-needle type, several electrical 
circuits, and two hydrostatic diaphragms 
that work on opposite principles. The 
middle section contains the explosive 
with its detonation caps. The lower sec­
tion contains an air flask that gives the 
mine its accelerated rising power after 
displacing its ballast water. Vent valves 
near the top of this compartment are 
held open by light springs ; pistons close 
these valves when compressed air 
reaches them through small copper 
pipes connected with the air flask. At 
the bottom of the mine there is an open­
ing through which sea water will enter 
when the mine strikes the water, the air 
being expelled through the open vents. 
The extreme upper compartment is con­
nected to the lower or air compartment 
by a tube, the lower extremity of which 
is firmly screwed into the neck of the 
air flask, with its spring trigger-valve 
and its fuse seal. 

THE mine's bottom is weighted for 
stability and the mine rights itself 

and sinks tail first. The mine descends 
rapidly toward the bottom, and, at a 
depth of 70 feet, a diaphragm in the side 
of the mine near the top, set to operate at 
an external pressure of 35 pounds, 
moves inward. As it does so, it pushes 
a tiny piston which forces the seal from 
a small metal tube of mercury. The 
mercury makes a connection between 
two electrical contacts. This same opera­
tion also operates the solenoid and re­
leases the brake on the magnet grid. 
Thus the mobile and detonation circuits 
are set, but not completely so, for an­
other hydrostatic valve, pushed inward 
by water pressure, keeps open the final 
detonation circuit. 

The mine finally reaches bottom and 
sea floor ooze closes around it. A ship 
approaches, and, at a distance of half 
a mile, causes the magnet grid to waver 
slightly. As the ship approaches nearer, 
the grid slowly deflects upward, finally 
pointing to an angle of 65 degrees. 
Things begin to happen. At this angle 
of deflection, the magnet grid makes a 
light electrical contact which, in turn, 
operates the fuse seal that restrains a 
spring-loaded valve of the air flask. The 
fuse melts, permitting the air valve to 
open ; the blast of air thus released rap­
idly displaces the water ballast from the 
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lower compartment through the hole at 
the bottom of mine, the air vents having 
been closed by action of their pistons. 
The force of the water-and-air jet at the 
mine's bottom breaks the mud suction 
and the mine rises rapidly due to in­
creased buoyancy and the jet's push. 

Detonation occurs automatically when 
the mine reaches a level of 50 feet below 
the surface. This is caused by the out­
ward bulging of the second hydrostatic 
switch which has been held in the open 
position by hydrostatic pressure. When 
that pressure is sufficiently released ( at 
the 50-foot level ) ,  the switch closes the 
detonation circuit, and the explosion 
occurs. 

The possible elaborations that may be 
made in the way of further refining this 
mine are without possible limit and are 
to be gaged only by the cost of construc­
tion. The mine as now used positively 
does not follow a vessel by magnetic at­
traction, nor does not destroy by impact, 
its destructive action being like that of 
a depth bomb. 

The inert mine, which is laid in chan­
nels and harbor entrances, is similar to 
the mobile mine, without the compressed 
air system and hydrostatic detonator. 
Being lighter, it may be more easily 
handled by plane. The inert mine cre­
ates all of its havoc without leaving its 
mud or sand bed, but the magnet in this 
case is adjusted to detonate at a deflec­
tion of 90 degrees. This insures its de­
tonation only when a vessel is about to 
pass directly over it. 

There will arise an important prob­
lem, after peace has been signed, as to 
how the menace of these mines will be 
removed. They cannot safely be swept 
by wire dragging, for the dragging ves­
sels would be destroyed. Even wooden 
vessels have some machinery that is 
magnetic and would therefore actuate 
the mines. Sailing vessels might be used 
with some effect ; but perhaps the safest, 
most effective method would be to drop 
barrages of small depth bombs from air­
planes. The best solution would be to 
construct such mines so that the grid 
would be disintegrated by electrolysis 
after a reasonable time. 

• 
At right : The ingenious, mobile, magnetic 
mine ( German ) powered by compressed 
air. The fish's-eye view shows approaching 
ship ( I )  affecting magnetic grid so the 
mine starts rising ; at ( 2 ) , mine rises ver· 
tically as ship approaches ; and our artist's 
conception of the explosion near the ship 
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A M O N T H L Y  D I G E S T  
SCREEN MADE BY 
ELECTROPLATING 

ANEW and unique development made 
possible by uew ly perfected electro­

forming methods is the production of metal 
screens, reports the magazine Inco_ The 
fabric is built up as a one-piece metal 
product wholly by electro-deposition ; no 

Screen being stripped from cylinder 

woven or other foundation structure is in­
cluded in the deposit_ 

The product is designed to serve pur­
poses lying between those now covered by 
perforated metals on oue hand and woven 
wire screen on the other_ It combines accu­
racy of hole diameters with the smooth 
surface characteristic of perforated metals_ 
Its percentage of openings lies between 16 
percent and 50 percent of the total area, 
depending on design_ These figures are com­
parable with those obtainable in woven wire 
mesh_ Generally, the electroplated screen 
is used in the fine meshes below the limits 
of perforated metal. Essentially, it supple­
ments rather than competes with conven­
tional woven wire_ 

The plated screen, known by its trade 
name of Lektromesh, presents a smooth 
surface and is readily fabricated by draw­
ing, stamping, welding, soldering, and the 
like. It is stiff, tough, and strong. Auother 
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special feature is the latitude in design 
which it makes possible. The mesh cau be 
of any shape and of a variety of sizes. It 
has a unique quality in the fact that in 
some sizes and designs a two-inch piece 
may be stretched to one foot. It also can 
be designed to avoid heat conduction. Since 
it is an integral structure, it will not un­
raveL 

Continuous production methods are used 
with such success that screen has been 
made in rolls 36 inches wide and up to 
1400 feet in length_ 

In manufacture, the desired design is 
transferred by a succession of sensitizing, 
etching, filling, and surface treating proc­
esses to a metal plate or matrix. These 
operations leave the metal surface of the 
matrix in a condition to receive the elec­
tro-deposit uniformly where desired and yet 
allow it to be withheld where open spaces 
are necessary. The matrix, when completed 

Strip of electro-formed strainers 

with its exposed and masked sections, is 
fastened to a circular cylinder which re­
volves in the plating bath. As the cylinder 
revolves, the metal deposits are built up 
evenly and uniformly on the exposed areas 
of the matrix. 

Thickness of the deposit depends on the 
current density used and upon the speed at 
which the cylinder turns. The deposit 
in the form of a continuous sheet of screen 
is stripped off the matrix automatically_ 

Commercially, Lektromesh has been pro­
duced in sizes from 25 to 400 mesh, with 
the bulk of production to date lying be­
tween 25 and 150 mesh. "Wire sizes" have 
ranged from what in round woven wire 

would be .0008 to .025 of an inch in diam­
eter_ 

The complete processes of production are 
covered by patents held by E. 0_ Norris, 
Inc., under which the C. o. lelliff Company 
holds exclusive rights. 

THE ESKIMO GOES MODERN 

DENTISTRY has taken firm root among 
the Eskimos - literally_ 

A Mackenzie Delta Eskimo had a tooth 
knocked out by a harpoon handle. He 
had heard of the white man's false teeth 
and, after pondering the matter for a while, 
he carved a tooth from ivory, root and all, 
and drove it into his jawbone with a mal­
let. 

According to Philip H. Godsell, who tells 
the story in an article in Natural History, 
the magazine of the American Museum of 
Natural History, the man was appareutly 
none the worse for his painful but effective 
bit of dentistry_ 

MOUNTING TIRES WITH 

AIR PRESSURE 

THE need for injurious pounding of 
tire beads in mounting tires on automo­

bile wheels has been effectively eliminated 
by the Safe-Way Pneumatic Tire Mounting 
Tool, a product of SafeWay Tool Company_ 

Air mounts a tire 
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This lightweight aluminum tool uses air 
pressure to mount tires noiselessly and 
safely. 

The tire is hung on the wheel in the 
usual manner, then the Safe-Way tool is 
hung on the rim, in contact with the lower 
exposed bead. An air hose is connected to 
the tool, and, in the short space of three 
seconds, the tire is in place on the wheel. 
No pounding of the bead, no missing the 
tire with the hammer and damaging the 
wheel paint. A noiseless mounting job is 
done in a jiffy. 

To keep the weight of the Safe-Way tool 
down to a point where one man can handle 
it, aJuminum alloy castings are used for 
most of the parts. The entire tool weighs 
only 18 pounds, and exerts a pressure of 
one ton when working on an air pressure 
of 125 pounds. 

PAVEMENT ROUGHNESS 

RECORDER 

IN constructing highways it is necessary 
to eliminate waves and humps which 

would affect motor-car speed and comfort. 
Hence, after a pavement is laid, these 
humps are hunted out and rubbed down. 
Many types of devices have been worked 
out for the hunting job but until develop· 
ment of the Viagraph there was no satis­
factory recording mechanism. 

The Viagraph, which was recently dis­
cussed in California Highways and Public 
Works, produces a graphical representation 
of the road surface. The present instrument 
is a further development of a surface meter 
first made by Mr. Claran F. Galloway. 
"Essentially, the road surface meter is the 
same as the original Galloway instrument," 
says Mr. Douglas H. Greeley, writing in the 
above-mentioned magazine. "Some im­
provement in design and construction was 
effected and a totalizer to record the travel 
of the graph pen has been added. In addi­
tion, an odometer was also added so that 
engineer's stations or distance might be 
observed." 

As shown in the accompanying illustra­
tions, the wheels of this instrument make 
a three point, in-line contact with the road 
surface. When this device is operated at 
a walking speed, it is steered by turning 
the handle in a manner similar to that of 
the throttle control on a motorcycle. The 
recording mechanism is operated by the 
middle wheel which is mounted in a "float­
ing" position, the pen being raised or low-
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ered on the graph paper as the instrument 
is wheeled over an irregular surface. 

"During operation," says Mr. Greeley, 
"the chart paper progresses at the rate of 
one inch each 20 feet, the pen movement 
being at a ratio of two to one ; that is, a 
bump one quarter inch in height will be 
drawn one half inch in height on the chart. 
As this process continues, the pen's move­
ments, in a positive direction only, are 
measured by the totalizer and recorded by 
its dial. This is accomplished by an over­
riding clutch which allows the negative 
movement of the pen to occur without 
measurement. Also during this process, 
the distance is recorded on the odometer 
dial." 

ONE-EYED 

SPECTACLES 

T HE eyeglass of the future - a million 
years or so hence - will look like the 

model designed by Pitt H. Herbert, of the 
Bausch & Lomb Optical Company, if biol­
ogists are correct in the assumption that 
Nature is gradually working toward a single 
eye in the center of the face. Tests show 
that many people have a dominant eye 
which does most of the seeing, just as most 
people are right-handed. The dominant eye 
often does 90 percent of the seeing. 

The effect of a dominant eye is to de­
crease stereoscopic vision. Things look flat­
ter. Some biologists, looking thousands of 
years into the future, suggest that in time 
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For the future ? 

all our seeing may be done with one eye 
and that, in effecting the change, Nature 
will have moved the eye to the center of 
the face, perhaps in the middle of the fore­
head, turning us into a race of Cyclopes. 

FRUIT FLAVORS 

THERE are so many fruit flavors used 
in cakes, pies, ices, and soda-fountain 

drinks that it is usually taken for granted 
that these are natural fruit flavors. How-

General view of pavement roughness recorder and (below) close·up of chart 

ever, there are but few pure fruit flavors 
now on the market and most of these are 
not satisfactory. The processes of manufac· 
ture now in use permit undesirable changes 
to occur. These changes alter the flavoring 
and make it less desirable than the syn­
thetic or imitation flavors derived from coal 
tar and other organic products. The prob­
lem presented here is not a new one. Many 
researchers have endeavored to perfect a 
process of extracting the unchanged flavors. 

In announcing that a study of the prepa­
ration and manufacture of pure fruit flavors 
from strawberries, raspberries, and cherries 
has been undertaken at the New York State 
Experiment Station, that station an­
nounced that it might even be necessary 
to blend new flavors of fruits which will 
yield especially potent flavors that can be 
easily extracted. This new project has been 
set up under the terms of an industrial 
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Above : A proposed type of autogyro carrier for protection of shipping. Below : 
Artist's drawing of a 'gyro patrol plane landing on a platform built on a freighter 

fellowship sponsored by one of the large 
food corporations ; Fletcher Chase, a chem· 
ical engineer, is now engaged on this 
project. Should success attend his efforts, 
new and larger markets for flavors might 
be found than that now commanded by the 
synthetic flavors trade, estimated to be in 
the neighborhood of one million dollars a 
year. 

NEW RUBBER-METAL 
ADHESIVE 

THE sharp demand for bonding agents 
that enable manufacturers to wed rub­

ber to metal and Thiokol "synthetic rubber" 
to iron, steel, lead, and the like, is produc­
ing real results. Latest result is Ty-Ply­
a non-tacky adhesive marketed by the R. T. 
Vanderbilt Company. This adhesive is of 
two types : Ty-ply "R" for rubber and Ty­
Ply "5" for Thiokol. 

Using this adhesive, manufacturers can 
brush or spray practically every metal with 
a thin film. Within a very few minutes, 
this Ty-Ply film dries sufficiently to receive 
the layer or sheet of rubber or Thiokol to 
which it is to be bonded. The assembled 
product is then placed in molds and in­
serted in a vulcanizer. Upon completion of 
a short vulcanizing cycle, the mold is emp­
tied to reveal an exceptionally strong single 
unit. Besides being non-tacky, the new ad­
hesive is economical to use because the 
thinnest film gives the best bonding results 
with metal. 

The development of such adhesives, re­
searchers contend, is hastening the day 
when it will be practical to protect tank 
cars, vats, and other metal equipment with 
linings of oil-proof, grease-proof "synthetic 
rubber." 

BATTLE FOR "KEROSINE" 

WEBSTER still insists that it be spelled 
"kerosene," but for 15 years the 

American Petroleum Institute, the Ameri­
can Society for Testing Materials, and a 
few hardy publications and individual con· 
verts have weathered mild and sometimes 
bitter abuse by joining in an orthographic 
adventure to promote the spelling which 
they believe is correct : "kerosine." 

Proponents of "ine," slowly growing in 
numbers, point out that gasoline, benzine, 

and kerosine all are coined words having 
no strict chemical meaning. The "ene" 
ending, as in toluene, benzene, and other 
words, indicates a definite chemical com­
pound_ Since the ending of kerosine should 
have no chemical significance, they say, it 
is  much to be preferred that the ending cor­
respond with those other coined, non­
chemical words, than that it have an ending 
which might possibly be confused with the 
chemical "ene" words. Gasoline began 
its life with both endings, but finally set­
tled down to the more logical spelling. For 
some unexplained reason, however, the 
"ene" became firmly attached to kerosine. 

Even if Webster and other official arbi­
ters of orthography do adopt "ine," how­
ever, the present proponents feel certain 
that for decades the mails will continue to 
carry a steady flood of letters beginning, 
"I liked your article, but why don't you 
spell that word right ? "  

GERM-FREE 

"BLOOD BANKS" 

SULFANILAMIDE, powerful chemical 
remedy for a host of germ diseases, is 

now being used to make blood transfusions 
safer . .  A small amount of sulfanilamide 
added to blood that is to be stored in blood 
banks for future transfusions prevents the 
growth of bacteria in the blood for from 
10 to 15 days and may even make the 
blood completely germ-free. Details of the 
method were recently reported by Dr. Milan 
Novak, of the University of Minnesota. 

Some of the serious reactions occurring 
after blood transfusions may be due to un-
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suspected germs in the blood given, Dr. 
Novak points out. Blood for transfusion 
is always tested for syphilitic infection be­
fore use. Tests for other germs which may 
lurk in the blood of healthy donors are not 
always made_ Germs can also get into the 
blood when it is drawn from the donor or 
in preparing it for storage, in spite of pre­
cautions that are always taken against such 
contamination. - Science Service_ 

ROTORCRAFT PATROLS FOR 

MERCHANT SHIPPING 

E XTENSIVE studies of the possibility 
of protecting merchant shipping by the 

use of auto gyro patrols has been made by R. 
G. Kellett of the Kellett Autogyro Corpora­
tion. The results of these studies were made 
public at the recently held Second Annual 
Rotary Wing Aircraft Meeting in Phila­
delphia_ 

Modcrn autogyros, with jump-off charac­
teristics, can operate on platforms no 

greater than 40 by 60 feet, which can be 
installed on most sea-going craft. One of 
our photographs shows an artist's concep­
tion of such a platform. Tests with con­
ventional aircraft indicate that visibility 
can be obtained to a considerable depth 
below the surface of the sea. A 'gyro patrol 
could therefore readily locate mines or 
submarines, and its pilot destroy them with 
depth charges or bombs. Under such a plan, 
surface vessels would carry patrols of two 
or three 'gyros, so that there would be con­
stant protection even when one or more of 
the aircraft were being serviced or re­
fueled. { See also page 339, December, 
1939, Scientific American.-Editor. } An 
alternative proposal, shown in another il­
l ustration, would be to use a converted 
tanker or freighter as an autogyro carrier. 

The suggestion is timely and deserves full 
consideration by the navies and merchant 
marines of a number of countries.-A. K. 

LESSONS IN MILITARY 

AIRPLANE DESIGN 

WHAT is the best possible way of 
learning the requirements of the 

military design of aircraft, short of taking 
part in aerial warfare ? Answer : To study 
every bit of news that comes through the 
censor's hands. Is the speed of the Messer­
schmitt useless in comparison with the 
greater maneuverability of the Curtiss 
Hawk ? Then too high a speed, and too high 
a wing loading {militating against maneu­
verability} ,  must be avoided. Is the new 
Messerschmitt, equipped with two 1000-
horsepower engines, and carrying a really 
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long range cannon more than a match for 
the Spitfire ? Then we must give attention 
to twin-engined pursuits, similarly equipped 
with cannon. Can bombers, with adequate 
machine-gun fire, reach their objectives and 
fight off a swarm of enemy fighters ? If 
not, the long-range bombers must be sup· 
ported by single seaters having a similarly 
long range. Needless to say, combatants in 
the present struggle are ardent in such 
studies. If the British and French missions 
have delayed a little in placing large air­
craft orders, then it is because they are 
studying reports of this character before 
deciding on policy and types.-A. K. 

ANCHORING SMALL 

AIRSHIPS AT SEA 

FROM Commander J. L. Kenworthy, 
Jr., of the Lakehurst Naval Air Station, 

we have received a first-hand account of the 
excellent methods which have been de­
veloped by the Navy for anchoring small 
airships or "blimps" at sea. 
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There are two main problems in anchor· 
ing the blimp ; one is to achieve static equi. 
librium, the other to hold the ship at rest 
against the action of the wind with engines 
not running, or merely idling. 

Rubber boat approaching a blimp moored at sea 

At the end of a journey, the airship has 
consumed a certain amount of fuel, and is 
therefore light. To release helium from the 
gas bag is too expensive. In a large rigid 
airship, the exhaust gases are cooled ; the 
vapor condensed by cooling adds ballast 
to the ship and restores equilibrium. But 
a water recovery process is too bulky and 
clumsy for use on a small airship. 

So the problem of making the ship heavy 
at the end of a voyage has been solved in 
a novel and ingenious manner. Suspended 
from the front of the airship car by two 
vertical cables, there is a large, conical 
shaped water ballast bag. The lower tip 
of the bag is connected with the rear end 
of the car by a haul-in rope of suitable 
strength. By a method which is still reo 
garded as confidential, the conical bag 
can be filled with a desired quantity of 

water, and then drawn above the surface 
of the water. At the same time, ballast 
is dropped from the airship to about 50 
percent of the weight in the conical water 
bag. The buoyancy of the gas bag itself 
now holds the ship in taut equilibrium. 

Thus the first problem is solved in a 
simple yet effective manner. The second 
problem was solved by an improvement in 
the use of a drogue or drag anchor. The 
drogue consists of a flat, metal cone which 
is payed out by a wire from the front of 
the ship. The nose mooring-point seems 
to be best suited for the drogue wire. The 
drogue is connected to the pay-out wire 
by a four-legged bridle, and is kept in the 
proper position, free from the influence of 
surface waves, by a weight below and a 
rubber float on top. By adjusting the legs 
of the bridle, the pull can be adjusted in  

Demonstrating, by television, the operation of  an aircraft engine 

direction and to some extent in magnitude. 
With this drogue, the ship can be kept at 
anchor ; it can also be steered and the air· 
ship can be maintained at rest at various 
angles to the wind direction. 

The story does not end here, however. 
The top opening of the water-ballast bag 
is closed by a heavy wire mesh on which 
a person can stand, but through which 
water can escape or enter freely. The two 
vertical cables (which are partly ordinary 
cable and partly shock absorbers) are con· 
nected with ordinary ladder rungs to permit 
communication between the surface of the 
water and the airship car. The freedom of 
action of the blimp is further enhanced by 
the fact that fuel, provisions, and so on, 
can be hauled on board from a surface ves­
sel, by means of an electric winch. - A.  K. 

TELEVISION BROADCAST 

OF AN AIRCRAFT 

ENGINE 

ONE of our photographs shows Ronald 
S. Gall, of the Wright Aeronautical 

Corporation, busily demonstrating for the 
first television broadcast of the operation 
of an aircraft engine. The Wright BOO 
horsepower, nine-cylinder Cyclone was cut 
away and revolved by an electric motor. 
N.B.C. actually staged the show under the 
auspices of the Air Transport Association. 
Such television broadcasting has real pos-' 

sibilities of an educational nature. - A. K. 

100 HORSEPOWER, 100 
POUNDS, $100 

WE do not always agree with William 
B. Stout, noted aeronautical engineer 

and designer, in his conceptions, and he 
does not always bring his brilliant concep· 
tions to commercial fruition, but no man 
has a more vivid and stimulating imagina­
tion in technological matters. Writing in 
Aero Digest, he gives us a slogan which is 
fascinating : "An engine of 100 horsepower ; 
weighing 100 pounds ; at a cost of $100." 
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by a parachute after being fired in a shell 
from a big gun. This is an American in­
vention but is now being experimented 
with, says the United Press, in France. The 
trick of the invention is said to lie in the 
method of coiling the wire within the shell. 
That shell is described as being about 6-inch 
caliber, and is fired from guns in regular 
fashion. When it reaches its highest alti­
tude, the nose falls away, uncoiling the wire 
as it falls and dragging out the parachute 
which then supports it for a slow descent 
to the earth. 

It is easy to see that a barrage of shells 
of this type would quickly form a veritable 
network of wires dangling in the air, unseen 
by enemy bombers. Any one of those wires, 
caught in a propeller or on some part of the 
plane itself, would bring it down. 

A MATCH FOR EIGHTY 
FIRE ENGINES 

• • •  a capacity of 157,750 gallons per minute 

E IGHTY of the largest fire department 
pumpers, working at full speed, could 

barely produce a torrent of water equal to 
the stream the strange-looking device in 
our illustration lifts into the main power­
house at the Rouge Plant of the Ford Motor 
Company in Dearborn, Michigan. It is the 
impeller of a vertical lift pump which has 
a capacity of 157,750 gallons of water per 
minute, compared with a maximum capacity 
of 2000 gallons per minute in a fire depart­
ment pumper. Every 24 hours four of these 
huge pumps bring as much water to the 
steam condensers in the power house as is 
used in the same length of time by a great 
city. The water comes from a 15-foot 
tunnel which connects the plant with the 
Detroit River, two miles away. The im­
peller was photographed recently while un­
dergoing a minor repair in the Ford tool 
and die shop. It is six feet in diameter and 
more than 20 feet long. 

This is a splendid goal to shoot at ; we are 
badly in need of inexpensive and light en­
gines of 100 horsepower for private flying. 
High revolutions per minute, in a six-cylin­
der opposed, flat or pancake type of motor, 
which, if desired, can be hidden inside a 
wing, is Mr. Stout's solution. - A. K. 

CANDLE-POWER 

SOMEONE has estimated that a 
half ton of candles would be re­

quired to produce the amount of 
light used monthly by the average 
family. The cost would be about 
$350 as compared with the electric 
light bill of that average family, 
which is about $2.50. 

SLUSH MOLDING 
PHENOLIC RESINS 

WHITE metal and other materials have 
long been slush molded - that is, 

poured into a mold and agitated until a 
shell of the material cools in all parts of 
the mold and a hollow casting results. This 
process has now been adapted in the plastics 
field so that hollow castings of plastics may 
be obtained. 

With metal, slush molding is relatively 
simple because the metal chills and hardens 
quickly on the inner surface of the mold. 
The problem with plastics was more dif­

' ficult, for a hardening accelerator had first 
to be discovered. This has now been found 
and a large variety of hollow plastic cast­
ings can be made, including advertising 
displays, lamps, souvenir novelties, and a 
number of other products. 

Latex rubber is sprayed on the model 
to be reproduced, and allowed to cure to 
the proper consistency. Then a fairly heavy 
coat of plaster of Paris is spread over the 
entire outer surface of the rubber. This 
plaster-and-rubber mold is cut away from 
the model, fitted with dowel pins, and as­
sembled as a rubber-lined plaster slush mold 
ready for production. 

Liquid resin, properly accelerated, is then 
poured into the orifice of the mold and 

agitated by revolving or slushing the mold 
for a period of 15 to 20 minutes. The ac­
celerator cures the resin to the necessary 
hardness in this time, after which the mold 
is disassembled. The resultant casting faith­
fully reproduces detail, and has a sectional 
measurement of Va to %6 of an inch. 
The casting is found to be light, tough, and 
translucent. The natural ivory color of the 
resin (the only color which is available) 
may be complemented by the addition of 
such lacquers or spray paints as will em­
phasize its best characteristics. 

If properly handled, the mold can be used 
for about 150 castings. 

GUN FIRES WIRE 

ON PARACHUTE 

MUCH has been written of the balloon 
barrage over London, the cables of 

which are intended to entangle enemy 
bombers. In our December issue we de­
scribed a further entangling device consist­
ing of small free balloons supporting a wire 
at the end of which was attached a bomb. 
Both of these defenses should prove very 
effective. 

The United Press reports a third entan­
gling device which consists of a steel ribbon 
hundreds of feet long which is supported 

D. C. LOCOMOTIVES 

THE accompanying illustration shows 
the first of the four most powerful D. C. 

locomotives in the world, built by General 
Electric for Paulista Railways of Brazil, be­
ing loaded on the S. S. Santos in Brooklyn 
for shipment to Santos, Brazil. For high­
speed passenger service, this locomotive 
and the three to follow weigh 185 tons each 
and have a top speed of 93 miles per hour. 
They have a continuous rating of approxi­
mately 4200 horsepower, and a one-hour 

Loading a powerful D. C. locomotive for shipment to South America 
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rating of 4560 horsepower-a rating higher 
than any other direct· current locomotive 
now in use either in this country or abroad. 
They are powered by 3000·volt motors. 

The Paulista locomotives have a gage of 
five feet, six inches, and in order to test 
them, the Erie G·E Works was required to 
lay a special wide·gage track. Paulista Rail· 
ways has a large number of electric loco· 
motives in service. 

RESEARCH 

D DRING 1939, approximately 
2000 individual companies 

spent some $215,000,000 for indus­
trial research. Two "leading com­
panies in this work for progress 
were du Pont with a research hud­
get of $7,000,000 and Dow Chemical 
Company with one of $1,400,000. 

MILKWEED ENZYME MAKES 

STEAK TENDER 

THE lowly milkweed can be made to 
yield a rare derivative that aids diges· 

tion and makes tough steaks tender, it has 
been revealed. 

Asclepain, the new derivative, is a pro· 
teolytic enzyme, which breaks down the 
protein in foods into more simple, easily 
digestible substances, it was reported. Only 
one other plant has been found to yield a 
similar substance--the papaya, source of 
papain.-Alcohol News. 

MACHINE TO CURE 

ATHLETE'S FOOT 

KNOWING that it has long been estab­
lished that copper is an excellent fun­

gicide, researchers A. G. Conrad of Yale 
University and Dr. Howard W. Haggard 
worked out in the laboratory some months 
ago a process for what amounts to an im­
pregnation of the skin of the feet and hands 
with electrolytic copper to destroy the fun­
gus which causes "athlete's foot." This 
impregnation was accomplished by an 
electrolytic method of depositing copper 

To destroy athlete's foot fungus 
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M O N U M E N T 
to an Engineer's Hobby 

Just a few weeks back a small 
crowd gathered on a hilltop in the 
Alleghenies to pay their respects to 
the station that had pioneered all 
radio broadcasting. The station 
they were honoring was KDKA ; 
the occasion, the dedication of a 
new 50,000 watt transmitter locat­
ed at Allison Park, near Pittsburgh. 

• Present at this ceremony were 
many people who nineteen years 
before had heard and participated 
in the first official broadcast ever 
made-the announcement of the 
Harding.Cox election returns on 
November 2, 1 920. Since that his­
toric day radio broadcasting has 
developed so rapidly, extended its 
sphere of influence so far, that 
not many are aware of its humble 
beginning. 

• It all started in the garage of 
a young Westinghouse engineer. 
He was such a stickler for accuracy 
that he couldn't even tolerate a few 
seconds variation in his vestpocket 
watch. To satisfy this whim, he 
rigged himself up a crude radio 
receiving set of the type that was 

then known as a "cat's whisker", 
so he could pick up the time signals 
sent out at regular intervals by the 
Naval Radio Station at Arlington. 

• Out of this hobby came a prod­
ding urge to make radio something 
more than a signalling device for 
the benefit of ships at sea. With the 
help of others� this young engineer 
eve ntually establi s h e d  station 
KDKA and immediately a new voice 

was heard in the land. 

• For the first time a church ser­
vice was broadcast over the air; the 
first broadcast of a presidential in­
auguration was heard; radio an­
nouncements of baseball scores, 
time signals and market reports be­
came a daily feature of this new 
public service. 

• When we remember the flam­
ing speed of radio broadcast devel­
opment since 1920, it is amazing 
to find the pages of history attrib­
uting so much pioneering to a single 
station. And so the installation of 
this new equipment is consistent 
with Westinghouse's desire from 
the very beginning to extend radio's 
usefulness and improve the quality 
of both programs and reception. 

• All this means a great deal to 
you who are within the sound of 
KDKA'S new voice. That takes in 
about everybody, for in addition to 
the standard KDKA broadcasts, 
short wave programs from the same 
studios over station WPIT (for­
merly W8XK.) are heard around 
the world. 

• In addition to KDKA, the 
familiar call letters of Westinghouse 
stations WBZ, KYW, WOWO and 
WGL are further indication of our 
close association and interest in this 
important and exciting industry. 
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Treating fungus infection of hand 

under the skin from a solution, and was 
discussed in the June, 1939, issue of Scien­
tific American. 

This process has now been reduced to 
practice in a machine made by Mine Safety 
Appliances Company and called the M.S.A. 
Rheoderm, which treats fungus infections 
of the hands and feet by the iontophoresis 
of copper. This machine is a relatively 
simple electrical apparatus that can be op· 
erated by any doctor, and is absolutely 
safe. It introduces metallic copper into 
the deeper layers of the skin without 
injury to the skin or discomfort to the 
patient. The majority of patients so far 
treated with the instrument have experi. 
enced prompt and gratifying relief from 
all symptoms of athlete's foot, indicating 
that the method possesses efficacy that will 
be widely welcomed. 

NAVAL GUN CONTROLS 
A FTER the recent battle between the 

.tl. Gra! Spee and three British ships off 
the coast of Uruguay, so many newspapers 
commented on the fact that guns had to be 
hand·pointed after certain controls had 
been smashed that some readers have 
asked us for details concerning the manner 
in which guns are operated on naval ves­
sels. 

There are two methods of controlling the 
fire of the guns of a capital ship. One of 
these is called "director" fire ; the other 
"pointer" fire. 

The normal method of control in a mod­
etn battleship would be "director" fire. 
This is essentially a "follow.the.pointer" 
system. Here the gun pointer, the man 
who lays the gun in elevation, and the 
trainer, the man who lays it in azimuth, 
both do their job by matching pointers. One 
of these is actuated by an electrical trans­
mission gear, the other is mechanically 
geared to the gun· elevating or gun.training 
mechanism. The electrical impulses for 
elevation emanate from the plotting room, 
down deep in the ship, where ranges and 
spotting data are analyzed, and sent out 
over this repeating system to the various gun 
mounts. The impulses for training come 
from the particular "target bearing trans­
mitter" that has control at the time. This 
latter is merely a master sight, generally in 
a position of great elevation, that is kept 
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constantly trained on the target manually. 
The actual firing is done from the control 
tower or whatever unit has control. The 
work of the gun crew is mainly to load and 
unload the guns. Of course, each gun or 
turret has its own switch, and the guns can 
not be fired until these switches are thrown, 
at which time the "ready" lights will show 
in the control tower. The check sights are 
manned, however, to be sure the "follow­
the-pointer" system is functioning. 

The impulses for training, in the "direc­
tor" fire method, do not flow directly from 
the "target bearing transmitter" to the 
gun mount. They are fed into range clocks 
- more often called rangekeepers - in 
the plotting room. The whole fire control 
problem is analyzed on these rangekeeping 
machines, and the impulses for both eleva­
tion and train are sent from the range­
keeper to the gun mount. The other data 
that are fed mechanically to the range­
keeper are the ranges, which come from the 
range-finders, and the spotting data (cor­
rections ) sent down by the officer who does 
the spotting. The latter is available, of 
course, only once the battery has opened 
fire. 

"Pointer" fire is  essentially individual 
operation of the guns. This would be 
necessary were the control tower shot away, 
or the fire control system generally put 
out of commission. The plotting room 
sends out its ranges and deflections over 
electrically operated visual signal systems_ 
The sightsetter sets his sights to these 
values, the effect of this being to displace 
the axis of the gun from the telescopic 
sights by amounts calculated to take care 
of the range and deflection. The pointer 
pu'ts the horizontal cross wire of the tele­
scopic sight on the target, the trainer puts 
the vertical wire on. It is the pointer who 
fires when the firing signal is given - or 
as soon thereafter as he is "on" the target. 
Should the plotting room cease to function, 
the officer in charge of the battery, or the 
gun captain, would call out the ranges and 
deflections as best he could, and continue 
the fire on his own control. 

In addition to these, it may be stated 
that some experiments have been made with 
what is called "remote control" direction 
of the guns. Here the control extends ac­
tually to laying the guns in elevation and 
in train by power mechanisms, eliminating 
the "follow-the-pointer" personnel and leav­
ing only the loading and unloading of the 
battery for the gun crews. This has not 
generally been applied to large turret 
mounts, being used more for the lighter 
anti-aircraft guns. 

ALUMINUM TINNING 
FLUX 

THE difficulty attending the job of sold­
ering aluminum has become traditional. 

Of great significance, therefore, is a new 
tinning flux for aluminum, which makes 
possible simple soldering with commercial 
solders. Called Amco, this flux is a product 
of the American Solder and Flux Company. 

To tin aluminum, using Amco, it is neces­
sary that the metal be properly cleaned and 
preferably roughened. On thin sheet metal, 
either a clean source of heat or an extra 
hot soldering iron may be used. On cast 
aluminum or aluminum alloys, the heat is 
supplied around the surface or from the 
opposite side. When the flux is applied to 
the surface and heated, the action is at 
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A Partnership of 
S C I E N C E  and ART 

If there is such a thing as a hotel being the expression 

and the essence of the finer aspects of the life of a city, 

surely it is no immodesty to claim that distinction for 

The Waldorf-Astoria. 

Here, not only the art of living luxuriously, hut the 

science of living wisely and efficiently, and therefore 

economically, come to fruition in such a totality of ad­

vantages as only art and science together could achieve. 

Science is the source of its creature comforts, hut 

what most endears it to the world is its knowledge 

and its practice of The Art of Home ! 

THE 

WA L D O R F - A STO R I A  
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The Mechanism of Mind 

WHY YOU ARE AS YOU ARE -
and Wlzat l/�a ean tJ� .fJ6�at flt! 

Did you ever stop to think why you do the things you do ? 
Have you often-when alone- censured yourself for impulsive 
urges, for things said or done that did not truly represent your 
real though ts, and which placed you at a disadvantage ? Most 
persons are creatures of sensa tion-they react to instinctive, 
impelling influences which surge up within them and which they 
do not understand- or know how to con trol. Just as simple 
living things involuntarily withdraw from irritations, so like­
wise thousands of men and women are content to be motivated 
by their undirected thoughts which haphazardly rise up in their 
consciousness. 

Today you must sell yourself to others-bring forth your 
best abilities, manifest your personality, if you wish to hold a 
position, make friends, or impress others with your capabilities. 
You must learn how to draw upon your latent talents and powers, 
not be bent like a reed in the wind. There are simple, natural 
laws and principles which-if you understand them-make all 
this possible. 
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first the same as with ordinary flux, but as 
the heat is continued, a heavy white vapor 
is given off. With this action, the deoxidiz­
ing and tinning of the metal takes place, 
after which ordinary tin·and·lead solder may 
be used. 

MEDICINE 

THE dried and p owdered bodies 
of five p oisonous creatures are 

still used as medicines in China. 
According to Natural History maga· 
zine, these creatures, often depicted 
in jade carvings, are : the lizard, the 
snake, the toad, the spider, and the 
centipede. 

SWEDISH INSTRUMENT 

FOR LOCATING CABLES 

A NEW instrument, which makes it pos· 
sible to locate accurately and rapidly 

underground cables and piping, has been 
constructed by a Swedish firm, the L. M. 
Ericsson Telephone Company, of Stock· 
holm. 

The device consists of three separate 
parts : a transmitter buzzer, a cable finder 
with built·in frame aerial, and a finder coil. 
The measurement is based on the principle 
that an electro· magnetic field produced by 
an alternating current in a metallic con· 
ductor can affect a telephone receiver cir· 
cuit. The alternating current is produced 
by the transmitter buzzer, which is con· 
nected to one end of the cable or pipe to 
be investigated, and also to the earth. By 
carrying the cable finder in the direction 
of the cable, the exact position of the lat­
ter is easily determined through the in· 
tensity of the sound in the ear phones, which 
is strongest right above the cable. 

In this way can also be fixed the exact 
place of an earth leakage, since the electro· 
magnetic field, and therefore also the sound, 
disappear at such a place. It sometimes 
happens that an earth leakage has arisen 
without it being possible to discover any 
visible injury to the cable armor after ex­
cavation. It is then that the third part 
of the instrument, the finder coil, is em­
ployed. With its aid, the precise point of 
the fault is fixed. Experiments also have 
shown that in cases where several cables 
were lying together, the one connected to 
the transmitter buzzer could be found with­
out difficulty through the coil. Another 
feature is that a low-tension power cable 
without a fault does not need to be put out 
of service if its route is investigated by 
means of the new method. 

The cable finder also can be used with 
success in locating gas and water mains. -

Holger Lundbergh. 

OIL FROM UNDER 

THE OCEAN 

MORE and more oil is being taken from 
wells drilled under the ocean some 

distance from shore. Large numbers of 
wells have been drilled on the California 
coast from the extreme ends of piers stretch· 
ing out into the water. However, in Gal­
veston Bay this under-water drilling needs 
no connection with the shore, mainly be­
cause of the shallowness of the water. 

According to the Standard Oil Bulletin, 
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Discovery well in Galveston Bay 

seismographic surveys were made on the 
floor of Galveston Bay covering an area of 
236,000 acres. Later, a detailed survey 
was made of 48,000 acres of the original 
236,000. Both jobs were done by crews 
living in a houseboat and working from 
special barges and boats. This work re­
sulted in the discovery of a buried dome 
and the first wildcat well drilled on this 
dome became a discovery well at a depth 
of 6030 feet. Two more wells were drilled 
- these being drilled from pile foundations 
as was the first. It was then found ad­
visable to change the method of drilling, 
and so a barge was put into use. By this 
method a large barge, to provide a drilling 
platform, is filled with water and sunk 
over the location for a well. Drilling is 
done from a rotary table which stands up 
above the surface of the Bay. Throughout 
the work area, the water is not more than 
12 feet deep, and when one well is com­
pleted, it takes only from 12 to 18 hours 
to lift the barge and move to a new location. 

There are now 11 wells completed and 
two are in process of drilling. The discovery 
well is about one mile from shore and the 
others vary in distance from three quar­
ters of a mile to two miles. 

NEW PNEUMONIA 
TREATMENT ANNOUNCED 

A NEW chemical treatment for pneu· 
monia, using a new drug, sulfathiazole, 

has been announced to the medical world. 
Physicians who tested it experimentally 
on human patients, reports Science Service, 
pronounce it even better than sulfapyridine, 
widely hailed in recent months as the chem­
ical conqueror of pneumonia. 

The new drug is safer than sulfapyridine, 
and it does not make the patients sick. 
Nausea and vomiting, which have been a 
distressing feature of sulfapyridine treat­
ment, are practically absent when sul­
fathiazole is given, physicians report. 

Laboratory experiments on hundreds of 
mice show that the toxicity of sulfathiazole 
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Edison Storage Batteries 
Cells are in excellent condition. Complete with solu­
tion, connections and trays. Prices below are about 
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RHEOSTATS 
VARIABLE 

Ward-Leonard Vltrohm , Ca­

pacity 15 amp. max. , 5 amp. 

min. Res. 6 ohms. $7.50 
Other sizes in  stock 

2 4 - 7 5 0  volt. Gen. Electric 200 
mil is  . . . . . . . . . . . . . . $27.50 
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commutators, d .c .  2 4 / 1 500 volt . . . . . . . . . .  12.50 

CONVERTERS 1 1 5 D. C. to 110 A. C_ 
Burke . .  . .  . .  . .  . .  . .  . .  . .  . . . .  . .  . .  . .  . . .  10 watt $ 7.50 
Westinghouse . . . . . . . . . . . . . . . . . . . . . . 100 watt $18.00 O. E. (with transformer) . . . . . . . .  150 watt $22.00 
Jannette . . . . . . . . . . . . . . . . . . . . . . . . . . .  250 watt $25.00 

Electric Blowers (Ventilators) 90 cu. ft. Min. 
2%" intake, 2" x 2" 

outlet. 
Cast aluminum hous-

Ing . . . . . . . . . . . $7.85 
Cast Iron housing . . $6.00 
Available in 6, 12, 32, 
110  volt d.c . •  110 v. a .c . ,  
1 1 0  v. universal. Specify 
type and voltage desired. 

"Veeder· Root " Revolut ion Counter 

Six number, (999999) non-reset, dimensions over­
all 5t,21'1 long, 1 ��" wide, and 1-5/16" high. Nu­
merals �4" high, nickel plated. Special . . . .  $7.50 

DURAKOOL MERCU RY SWITCHES 
This metal mer· 
cury switch over­
comes faults of 
usual m e r c u r y  
switches. May be 
turned a full 3600 • 
Has thousands of 
k n o w n  appliea­

from tiny lab instruments to gigantic power 
controls. Metal clad-no glass. 
1 Amp . . . . . . . . . . $1.25 20 Amp . . . . . . . .  $ 2.80 
3 Amp . . . . . . . . . . 1.50 35 Amp. . . . . . . .  5.00 
5 Amp. . . . . . . . . .  1.50 65 Amp . . . . . . . .  10.00 

10  Amp . . . . . . . . . .  2.00 200 Amp . . . . . . . .  45.00 

TELEPH O N E  SWITCH KEY 
Western Electric lever type. Combination locking 
and non·locklng (antl·capaclty ) .  Equivalent to 2 
double pole double throw switches . Platinum con-
tacts. Price . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  $1 .00 
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Telegraphic Tape Recorder 
A p  p a r a  t u s  
makes a written 
record of code 
Bnd similar mes­
sages on paper 
tape. An Ideal 
machine for 
learning code or 
teaching code 
to groups. Radio 
men can easily 
a d a p t  I t  t o  
short-wave re­

ceivers for taking permanent records of code 
messages. Double pen permits simultaneous record­
ing of two messages. Pens are operated by battery 
and key while tape feeder is spring driven (hand 
wound) .  Case 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. 

Used $ 1 5  Reconditioned $20 

"Weston" Meter swl1���o�l
rdm���els 

Watt Meters 
.75 - 1.5  - 7.5 K.W . 

For A.C. & D.C. Choice 
of above sizes, each 

$20.00 
Volt Meters 150 volt 
D.C . . . . . . . . . . . . . .  $12.50 
Volt Meters 300 volt 
A.C . . . . . . . . . . . . . .  $15.00 
Volt Meters Combination 
D.C. 150, A.C. 300 $18.00 
Ammeters D.C. (choice 
of scale) . . . . . . . . .  $15.00 
Ammeters A.C. (choice 
of scale) . . . . . . . .  $16.50 

Ammeters Thermo (A.C. & D.C.) (choice of scale) 
520.00 

Large selection of portables on hand. 
Requirements quoted on request. 

U .  S. A r m y  A i r c raft. 
solid brass telegraph 
and radio transmit· 
ting key, large con· 
tacts. . • . . .  $1.50 

U. S. ARMY 
AIRCRAFT MICRO. 

PHONE 
Manufactured b y  Western Elec­
tric. B reast type carbon micro­
phone transmitter. noise proof, 
complete with cord, plug and 
breastplate . Excep- $1 95 
tional value. . . • • . • 

Lightning switch, ceiling type, 

heavy brass. Can handle 5 

K.W. High Frequency . .  $4.50 

RELA YS, 110  V O L T A .  C. 
Minneapolis-Honeywell single pole, double throw, 
handles 20 amps . ,  50 milUamps on coil. Also avail­
able in double pole, 220 volt A.C., 110 volt D.C. 
Price . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . $ 3.50 

AMPE R E  H O U R METER 
USangamo", Battery charge and discharge. Type 
MS. Scale 0-400. Minimum charge rate 5 amp. 
Maximum 15 amp. Any voltage. Original cost 
$50.00. Our price . . . . . . . . . . . . . . . . . . . . . . $10.00 

TELEPHONE SWITCH DIALS 
"Kellogg" nickel plated. 4 terminals, 10 digits. DI. 
ameter 2'%;/W' standard. Limited amount. new $ 3.50 

A L UMINUM PROPELLER 
"I?eslauriers" automatic controllable pitch. Oper­
atmg sp�ed 4500 r .p .m. Blade l l%/W' ,  sweep 23/W' . 
All alummum and bronze housing. Complete with 
streamlined housing. Fits 9/16" shaft Net weight 5 �2 lb. Shp. Wt. 7�2 lb. Original cost $200. Our 
price . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  $ 2.00 

United States Govt. 
Fire Exting uishers 

(Refillable) 
Heavy Copper &; Bronze 

Carbon tetrachloride (pyrene II. 
quid) .  pressure type, ideal for 
labs. trucks, boats, garages, of­
fice, etc. ( 1 0  times more pressure 
than hand extinguishers. )  Just 
turn handle. No pumping neces­
sary. Ideal for remote control 
with wire. (Original cost $40.00 . )  

1 qt. (100 lbs. pressure) $7.95 

2 qts. (200 lbs. pressure) $11.95 

Lots of 3, 10% discount. 
Lots of 6, 20% discount. 

MANHATTAN ELECTRICAL BARGAIN HOUSE ,  I N C "  Dept. S, S , '  1 20 Chambers Street, New York City 
See our other advertisement on page 189 
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�ttuiugn Ip USn 
on 

TECHNICAL BOOKS 
for Chemists, Engi­
neers, Physicists, Met­

allurgists, Students. 
These books are going fast! Take advan-
tage of the reduced prices while you can! 

TITLE 
Publisher's Original Price 

OUR 
SPECIAL 

PRICE 

Agricultura l Chemistry, Fraps . . . .  . $5.00 . . . 
Astronomical Physics, Stratton . . . .  . 4.00 . . . . . . .  

Beet Sugar Chemists' Hdbk" Moeller- Krause . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 1 .50 . . . . . . . . . . . .  

Carbonization, Low Temperature, Gentry . . . . . . . . . . . . . . . . . . . . . .  . 
Chemical Industry, British-Maill . . . . . . . . . . . . .  . 
Chemistry in the Home, Firth . . . . . . . . . . . . . . . . . .  . 
Chemistry of Solids, Desch . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 
Chemistry of the Saccharides, Pringsheim . 
Chemists' Pocket Manual, Meade . . . . . . . . . .  . . . .  p • • • • • • • •  
Chromium, by Aid of Electric Current, Leblanc . . . . . . . .  . 
Cleaning and Dyeing of Rayon, Foster . . . . . . . . . . . . . . . . . . . . . . . . . .  . 
Collected Writings of Seger . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 
College Geology, Vol. I, Chamberlain . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . 
Cyaniding Copper Zinc, I. C. S . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 
Cyanamid, Pranke . . . . . . . . . . . . . . . .  , '  . . . . . . . . . . . . . . . . . . . . . 

7.50 . . . . . . . . . . . . 
4.50 . . . . . . . . . . . . 
2.00 . . . . . . . . . . . . 
2 . 50 
3.00 
5.00 
1 . 50 
3.00 
7.50 
3 .00 
6.50 . . . . . . . . . . . .  
1 .50 . . . . . . . . . . . .  

Determination of  Sulphur in Iron & Steel, Pulsifer . . . . . . . . . . . . . . .  . 4.00 . . . . . . . . . . . .  

Einstein's Gravitation, Freundlich . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 
Electrolytic Labs, Nissenson . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 
Elements of Economic Geology, Gregory . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 
Elements of Physics, Merchant-Chant . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 
Elements of Sugar Refining, Bardolf &- Ball . . . . . . . . . . . . . . . . . . . . .  . 
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Essentials of Quantitative Chemical Analysis, Scott . . . . . . . . . . . . . . . . . .  . 

2 .110 . . . . . . . . . . . . 
1 . 50 
3 .25 . . . . . . . . . . . . 
2.50 . . . . . . . . . . . .  
4.00 . . . . . . . . . . . .  

12.50 . . . . . . . . . . . .  
5.110 . . . . . . . . . . . .  
2.110 . . . . . . . . . . . .  

Food Industries, V ulte &- Vanderbilt . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 3.50 . . . . . . . . . . . . 
Geology of Coal Drifts, Sto·Pes, Shafts, I. C. S . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 
Glues & Glue Handling, Teesdale . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 

6.50 . . . . . . . . . . . .  
3.00 . . . . . . . . . . . .  

Heat Theorem, The New, Nernst . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 3.110 . . . . . . . . . . . .  
Human Body, Martin . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 4.00 . . . . . . . . . . . . 
Hygiene, Practical, Bergey . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 1.110 . . . . . . . . . . . .  

Industrial Furnace Technique, Hermansen . . . . . . . . .  , . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 
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10.00 . . . . . . . . . . . .  
4.00 . . . . . . . . . . . . 
1.211 . . . . . . . . . . . .  

Kiln Drying, Practical, Kettle . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 3.00 . . . . . . . . . . . .  
Lead-Electro-Metallurgy, T. C. S . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 
Leather Manufacture, Wilson . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 

6.50 . . . . . . . . . . . .  
7.110 . . . . . . . . . . . . 

Line Charts for Engineers, Rose . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 3.00 . . . . . . . . . . . . 
Lubricants. American, Lockhart . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 5.00 . . . . . . . . . . . .  

Metallic Objects, Electrolytically, Pfanhauser . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 
Meta1!ography, Structural, Pulsifer . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 
Meta1!urgy, Wysor. . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
Metric System for Engineers, Clapham . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 
Milk, The Perfect Food, Godbole . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 

1 .50 . . . . . . . . . . . . 
5.00 . . . . . . . . . . . . 
6.00 . . . . . . . . . . . .  
11.00 . . . . . . . . . . . .  
2 .110 . . . . . . . . . . . .  

Minerology of Arizona, Guild . . . . . . . . . . . . . . . . . . . . . .  . 
Modern BIOlogy, Cunningham . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 
Modern Magnetics, A uerbach . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 

1 . 00 . . . . . . . . . . . . 
3.00 . . . . . . . . . . . .  
5.00 . . . . . . . . . . . .  

Natural Terpenes, Baker &- Anderson . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 
Nitroglycerines & Nitroglycerine Explosives, Naoum . . . . . . . . . .  . 
Notes on Chemical Analysis, Craig . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 

2.110 . . . . . . . . . . . . 
7.50 . . . . . . . . . . . .  
2.110 . . . . . . . . . . . . 

Oil Salesman's Primer, Eltele . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 
Optical Activity & High Temp. Meas., Jaeger . . .  . 
Optical Rotating Power, Landolt . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 
Organic Chemistry, Noyes . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 

3.00 . . . . . . . . . . . .  
2.50 
7.50 . . . . . . . . . . . .  
4.00 . . . . . . . . . . . .  

Parachor & Valency, Sugden . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 
Physical Chemical Evolution, Guye . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 
Physical Chemistry, Exp., Van Klooster . . . . . . . . . . . . . . . . . . .  . 
Physical & Colloid Chemistry, Michaelis . . . . . . . . . . . . . . . . . . . .  . 
Physico-Chemical Metamorphosis, Cohen . . . . . . . . . . . . . . . . . .  . 
Planning for Good Acoustics, Bagenal &- Wood . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 
Plumbing Design, Nugey . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 
Pulverized Co1!oidal Fuels, Dunn . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 

4.00 . . . . . . . . . . . . 
2.50 
3.50 . . . . . . . . . . . . 
2.00 . . . . . .  
2 .00 
6.711 . . 
6.00 . . . . . . . . . . . . 

10.00 . . . . . . . . . . . .  

Qualitative Analysis, Mason . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 1 .00 . . . . . . . . . . . .  
Quantitative Analysis, Bassett . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 4.00 . . . . . . . . . . . . 

Rainmaking, Humphreys . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 
Reinforced Concrete in Europe, Colby . . . . . . . . . . . . . . . . . . . . . . . . .  . 
Research Narratives, Flinn, Vol. I . . . . . . . . . . . . . . . . . . . . . . . . . .  . .  
Research Narratives, Flinn, Vol. I I  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 

2.00 . . . . . . . . . . . . 
3.110 
1 .00 . . . . . . . . . . .  . 
1.00 . . . . . . . . . . .  . 

Sales Technique, I. C. S.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . .  . 
Science, Leading & Misleading, Lynch . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 
Sparking of Steel, Pi/ios-Gat . . . . . . . . . . . . . .  . . . . . .  . . . . . . .  . . . . . . . . . . . . . .  . . .  . . . .  . . . . . . . . . . . . . . . .  . . 

0.110 . . . . . . . . . . .  . 2 . 50 . . . . . . . . . . .  . 
2.00 . . . . . . . . . . .  . 

Theory of Brownian Movement, Einstein 
Theory of Relativity, Freundlich . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 
Thermionic Phenomena, Bloch . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 

1 .75 . . . . . . . . . . .  . 
2.00 . . . . . . . . . . . . 
2.50 . . . . . . . . . .  . . 

Waterworks Practice, Modern, Taylor. . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . 
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is much less than the toxicity of sulfapyr­
idine, except in doses far larger than are 
needed to cure pneumonia. 

In the body, sulfapyridine is rather rap­
idly combined or conjugated with acetic 
acid. This unfortunately makes the drug 
inert and useless in its effect on the in­
fection, only the uncombined form being 
active. The new drug, sulfathiazole, how­
ever, combines with acetic acid to a much 
smaller extent, so that most of the drug 
given is effective until it is excreted. This 
means that doctors do not have to give as 
much sulfathiazole as sulfapyridine to 
treat a pneumonia patient. Chronic poison­
ous effects from accumulation of the drug 
in the body are much less apt to occur 
because sulfathiazole is excreted more rap­
idly than sulfapyridine. 

FILTERS 

" BLACK - OUTS" in warring 
countries usually necessitate 

painting factory windows, so that 
electric lights are necessary in the 
daytime. In England, complete ob­
literation of windows is obviated 
by use of blue windows and orange 
lights inside. During the day some 
daylight is transmitted, but at night 
the blue glass will not transmit 
outwardly the inner orange light. 

"INVISIBLE" GLASS 

CAMERA LENSES 

A METHOD of coating camera lenses 
with evaporated metallic fluorides, 

which greatly increases the effective speed 
of lenses, produces a marked improvement 
in contrast under adverse lighting condi­
tions, and eliminates flare and ghost im­
ages, was recently announced by Dr. C. 
Hawley Cartwright of the Department of 
Physics of the Massachusetts Institute of 
Technology. 

Dr. Cartwright presented a paper in 
which he reported studies of a highly cor­
rected //2 lens composed of five separate 
elements on all surfaces of which a fluoride 
film had been deposited. The effective speed 
of this lens was increased nearly 100 per­
cent. The extent of the improvement by 
coating, he reported, depends on the com­
plexity of the lens. The increase in speed 
obtained by coating a three-element //3.5 
lens was much less than for the //2 five­
element lens. 

The method is an outgrowth of Dr. Cart­
wright's earlier work with the help of Dr. 
A. Francis Turner, which resulted in re­
ducing reflection and adding to the trans­
mission of light through glass. It is well 
known that faster and more highly cor­
rected camera lenses require a large num­
ber of separate elements. Each separate 
element reflects about 10 percent of the 
incident light. Thus, good camera lenses 
ordinarily have transmissions of only about 
60 percent. 

Dennis Taylor observed in 1892 that 
tarnishing of camera lenses tends to in­
crease their effective speed. The tarnished 
surfaces of the glass elements of high re­
fractive index diminished the reflection of 
light from the air-glass surfaces and there­
by increased the transmission of the whole 
camera lens. Various methods were de­
vised for artificially tarnishing glass, but 
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apparently the results were not sufficiently 
effective to justify their adoption by the 
manufacturers of camera lenses. It is now 
evident that the tarnish is actually a film 
of a transparent material having a lower 
index of refraction than that of the glass 
and to be most effective should fulfill spe­
cific conditions which can be better satis­
fied by the evaporated films of the metallic 
fluorides_ 

The evaporated metallic fluoride film, Dr_ 
Cartwright said, has proved effective for 
many optical instruments. Since the film 
must be deposited in a vacuum and since 
each of the many elements in a camera 
lens should be so treated, the method is 
much more easily applicable in the manu­
facture of new lenses than in the treatment 
of ones already in use. 

IN CASE OF ACCIDENT 

IN motor accidents alone, oue spine is 
fractured every hour of the 24, accord­

ing to H. Earle Conwell, M.D., a Birming­
ham, Alabama, physician, writing on "The 
Automobile and the Fractured Spine" in the 
Journal 0/ the American Medical Associa­
tion. The most common type is the com­
pression fracture, and, "without a doubt," 
Dr. Conwell says, "certain lives ended in 

Wrong • • • and right 

the past by motor accidents could have been 
saved and permanent disabilities prevented 
by proper first aid." 

Witnesses wishing to be helpful after an 
accident sometimes rush up excitedly, hoist 
the injured into the air as in the upper pho­
tograph of the pair on this page, and carry 
him away. The correct way to transport a 
person in whom an injured spine is sus­
pected or possible, and when no stretcher 
is available, is shown in the lower photo­
graph. The reason is explained by Dr. 
Conwell. 

In riding, the torso of a passenger is 
usually braced somewhat at the lower end 
by the legs. When the accident comes, the 
chest and head are thrown forward. This 
often causes a jackknifing at some part of 
the spine and the effect is often to crush or 
partly crush the front side of one or more 
vertabrae. Obviously, the carrying position 
shown in the upper photograph further 
forces the crushed vertabrae together, but 
the second position, the correct carrying 
position, has the opposite effect. 

Many fractures of the spine are not recog­
nized, Dr. Conwell states, because the pa­
tient is able to walk after the accident. 
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I N D U S T R I A L  a ri d  L A B O R A T O R Y  E Q U I P M E N T  
A T  U N U S U A L VA L U E S 

, 

BRONZE GEAR A N D  CENTRIFUGAL PUMPS 
With 

Inlet Outlet PrIce A.C. motor 
No. 1 Centrifugal ��" %'" $ 6.50 $ 1 9.50 
No. 4 
No. 9 

No. 1 1,2 Gear 
No. 2 
No. 3 
No. 4 
No. 7 
No. 9 

COROZONE 

OZONATOR 

Can be used for 
all purposes where 
low pressure air Is 
required. Develop:; 
1/3 cu. ft. of air 
at 15 Ibs. pressure. 
Suitable for aqua­
riums. Takes care 
of 6 to 8 tanks. 
Piston type, all 
brass cylinder. 
Belt driven, Uni­
versal AC-DC mo­
t o r .  Variable 
speed. Mounted 
on neat oak base. 
Complete $6.95 

. .  1 

%'" ' ' " ,2 1 3 .50 26.00 
1 1 1  " 1 " 1 6.50 29.00 ,. 

%'" Price $ 9.00 With A.C. motor $22.00 ' ' " ,. 1 0.00 23.50 3' " ,8 1 1 .50 25.00 " . ,2 12.50 28.00 
%" 1 5.00 32.50 . 1 6.50 45.00 

Latest Model Com p ressor 
Suitable for 

FACTORY, LABORATORY or HOME 
Quiet-E/ficient-Pow.rful 

Ideal spraying outfit for all liquids such as paints, 
enamels. etc. Can also be used for cleaning, tire 
inflating, and general purposes. Equipped with Gen­
eral Electric, �� HP a.c . motor. Quincy air com­
pressor, adjustable safety valve, and 100 lb. air 
gauge. A heavy duty Plummer spray gun with 15 
feet g���f:ie ::Ag�:ag�lio:Oo!��'atro��e S 39.50 

-1 it ij AUTOMATIC 
CELLAR 

DRAINER ff��l�afs�� t�:-J���tu
l
�2���sJF 

t
;�!f!o:.

e
���

s
hO��i 

Fitted for 1 %" iron pipe thread. Can be used as 110,  
220 volt or 3 heat 1 10 volt. 
600 Watt . . . . . . . . .  $6.00 1200 Watt . . . . . . . $1.75 
750 Watt . . . . . . . . .  6.30 2000 Watt . . . . . . . .  10.25 

3000 Watt . . . . . . $12.00' 

"BUSH" 
CONDEN SERS 

Designed for refrigeration and 

air conditioning . Has many 

other uses. H igh heat transfer 

capacity and great emeleney. 

Size 1%. x 12 % . . . . . . . . . . . . . . . . . . . .  $2.35 each 
. .  9%. x 1 1 %. . . . . . . . . . . . . . . . . . . . 2.50 " 

Limited number of larger sizes on hand. 

B r o w n  &: 
S h a r p e  
pumps, new, 
can be used 
for gasoline, 0 1 1,  k e r o­
s e n e ,  and 
other fuels. 
S t a n d a r d  1,-4" I n  p u t  
and output �ipe thread. 14 in. shaft. 
Size 4x3%x 

wt. 8�'2 lb. . . .  3X4 . .  ��
a
$s:OO 

Complete with motor . . . .  12.50 

Prepare for rainy season. 
Keep you r basement dry 
at all t i mes . New Improved 
Oberdorfer sump pump. 

Pump built entirely of 
bronze, rust proof, long life. 

Has Thermal Overload De­
vice. Positively dependable 
and protects motor In case pymp stalls. 

CapaCity, 3 ,000 gaIlons per 
hour with � h .p .  motor at 
low operating cost. 

Model B-2400 unit complete 
with 1 1 0  v. , 60 $35  D O  cycle motor . . . • 

Uncondition411y Gutn'­an teed for One Year. 
Literature Sent on Request. 

ROTARY PUMPS FOR VA'CUUM AND A I R  
Especially designed for 
laboratories, jewelers, 
dentists, etc. Also for 
small gas furnaces. 
No. 1 ,  maximum pres­

sure 5 lb. @ . . . . $7.50 
Complete with AC, llO 
volt motor @ . . $23.50 

No. 2, maximum pres­
sure 10 lb. @ . . $ll.'S 
Complete with AC, 110 
volt motor@ . .  $28.50 

MOTOR DRIVEN FORCED DRAFT BLOWERS 
TYPE H.P. R.P.M.  CU. FT. MIN. INLET OUTLET PRICE 

o ' ; '0 1 1 5 0  1 6 0 4 'h "  3 %. '" $18.00 O'h � 1150 350 6 'h "  3 %. "  20.00 
1 % 1 75 0  535 6 "  4 'h "  25.00 
1 '4 '4 1 150 950 1 'h" 6 "  30.00 
1'h 'h 1 1 50 1 9 00 9 'h " 1 "  65.00 

PRICES QUOTED ARE FOR A .C . 1 1 0  V. 6 0  CYCLES ONLY. 
OTHER VOLTAGES ON REQUEST. 

P I O N E E R  A I R  C O M P R E S S O R C O . ,  I n c .  
120-s CHAMBERS ST. NEW YORK CITY, N. Y. 
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A Whole Tool Shop in your 
Smooth, steady power at 
your finger tips. Uses 300 
accessories to grind, drlll, 
poUsh, rout, cut, carve, 
sand, saw, sharpen, en­
grave, etc. Plugs in any 
AC or DC socket, 1B ,OOO 
r,p.m .  16 oz. 10 0.y. Mlney· Bock Trill 
Order today. Standard 
Model ( lllustrated) 1B , -
000 r .p .m. 16 oz. $10.75 
pOstpaid with 3 Acces- FREE 64.PAGE CATAlOG sarles . . . De Luxe 
Model 25,000 r.p.m. 12 �:C:::: !��O�.,,�I'::f3: ::':I�= ��rl=��·50 with 6 Acces- �\f�vi:r �f!:o:-i3�k and industry 
CIlIcap WbnI & 1IfI. Co.. 1 1 01 W. IIonISt.. Dlptsa. CilJcap,UL 

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

Try the new 
PIKE Electric 

Reader 

A boon for elderly people and oth­
ers with poor eyesight. Wonderful 
for doctors, scientists and draftsmen. 

W ri t e fo r  fr e e information and de­
tails of th is new invention that 
makes reading matter 3 times larger. 

E. W. Pike & Co. Elizabeth, N. J. 

G E A R S  I n  Stock- I m mediate Del ivery 

Oean, .peed reducer •• • procK!! .... tbru" budnee. "nible couplince. pulle,., etc. A 
tIOmplete line i.carried inourChicftloltock. 
Can .1110 Quote on .peei,,! lean or an., Idod. Send ua 70ur blue print. and iDQwriu. 

Write tor Catalog No. 20 
CHICAGO GEAR WORKS 
440·50 Nortb Oakley Ave., CHICAGO, I I I .  

IMPROVE YOUR 
ARITHMETIC 

Entirely new treatment of this subject which 
is amazingly simple and practical. Shows 
how to calculate swiftly and surely. A great 
time saver. Complete SOt. Coin or stamps. 

ARITH·MAGIC. Dept. T. Maywood. ilL 

WANTED: MANUSCRIPTS 
New York Book Publisher respectfully solicits 
worthwhtle manuscripts for pubUcation on 
Royalty or Co-operative basis. FORTU N Y'S. Publ l .her0-67 West 44 St., N.  Y. C. 

�'

E�l�. ���e.nI��r��!�p��: 
vel oped and protected. Send us a rough sketch or 
model of your i nvention and we will submit com ­
plete report backed by thirty years' experience. 
Confidential service ; bank references furnished. 
Modern equipment. We also manufacture inven ­
tions in a n y  Quantities at l o w  cost. F r e e  booklet 
" Making Inventions Pay" sent on request. 

C R E SC E N T  T O O L  C O M P A N Y .  Dept. H , C l n c l n n at l , O .  

A L N I C O M A G N E T B A R S  
Strong enough � to balance In $1 10 " ,,"00'1... . . mld.alr. 

I11III\==:, - fo�n 
hu�ared�s�� Pr. 

experiments. �. � � Through a fortunate purchase, 1!'1.. we are able to ofter you these 
tiDar Daplex F ·5.6. 

20 MM focal length motion e picture camera lenses and finders 
at a fraction of their original :I cost. $1.00 each, or both for 

, . 
. 

$1.50. 

.��r · 64'C!'���t.. �'(j iij Established 1923 

S C I E N T I F I C  A M E R I C A N  

The patient often under·estimates his in­
jury, frequently stating that he has a "kink" 
in his back and that the disability is of no 
importance. Frequently there is no de­
formity of the back, though there is always 
a backache of varying severity. Regardless 
of the insignificance of the injury, he urges, 
one should feel suspicious of a spinal frac­
ture when pain in the back is present. 

Dr. Conwell goes on to state that to many 
laymen a broken back or neck is a broken 
back or neck, which results in sudden death 
or paralysis-total disability. This gloomy 
point of view is the heritage, he adds, of 
days before the introduction of the X.rays. 
With existing treatments most patients may 
be expected today to recover and return to 
their occupations. 

CELLULOSE PULP FROM 

AUSTRALIAN TREE 

W
OOD pulp for use in paper, guncotton, 
textiles, and the thousand other uses 

of cellulose may be grown on "tree farms" 
of limited acreage in the warmer parts of 
the south, through the adoption of a fast­
growing Australian tree, casuarina, is the 
belief of Prof. Donald D. Bode of the Uni­
versity of Tampa chemistry department. 

Casuarina trees will grow 35 feet high 
with nine·inch trunks in six years ; 56 feet 
high with 17·inch trunks in 12 years. They 
will produce from four to six cords per 
acre per year, as compared with one cord 
per acre per year for southern jack pine. 
Moreover, a cord of casuarina wood is one 
fourth heavier than a cord of jack pine. 

The Florida state forestry service esti· 
mates that to supply a 200·ton mill with 
slash pine, 120,000 acres under forest man· 
agement are needed. The same mill could 
be supplied by a 24,000·acre tract of casua· 
rina. 

The tree can be grown on poor soil, down 
to the very edge of salt water. It must not 
be attempted, however, except where winter 
temperatures do not drop below a mean of 
54 degrees, Fahrenheit, for the coldest 
month, and it must be carefully protected 
against fire, to which it is unusually sensi­
tive. 

The casuarina is a strange·looking but 
beautiful tree. It has no leaves ; their place 
is taken by extremely slender, long, jointed 
green twigs, somewhat resembling the com­
mon horsetail or scouring·rush. - Science 
Service. 

CRYSTALS 

THE tiny crystals which are regi. 
mented, line after line, to make 

Polaroid, are so small that three 
billion of them would just about 
cover the head of a pin 1/16 of an 
inch in diameter. 

DRY METHOD, POSITIVE 

"B LUE PRINTS" 

SINCE the beginning of blue printing 
more than 40 years ago, there has been 

a constant search for a dry method of mak· 
ing positive prints. Blue printing is a five· 
step process employing wet development, 
necessitating such operations as washing, 
fixing, drying, and the like. Moreover, blue 
prints fade when exposed to light. They 
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Are You,,-, 
'-'putting your spare time to 

good advantage ? 

'-' one of the many who are 
seeking a new field to en­
ter ? 

'-'seeking a means to save 
money wherever possible ? 

If you are, here is 
a practical solution 
to your problem. 

HOPKINS' 

CYCLOPEDIA 

OF 

FORMULAS 

Is the foundation for the 
beginning of a fascinating 
hobby ; the groundwork on 
which to build a practical 
knowledge of useful chemi­
cal facts. 

Is the foundation for 
hundreds of suggestions for 
those who are seeking sala­
ble articles which can be 
manufactured at home 
profitably on a small scale. 

-t-

IF you want to save money 
on wines and liquors ; 

your dyes, inks, polishes, 
soaps, paints and varnishes, 
a d h e s i v e s ,  anti s e p t i c s ,  
bleaches, cosmetics, etc. 

You can profitably make 

them from the 15000 form­

ulas contained in the 1077 
pages of 

HOPKINS' 

Cyclopedia of Formulas 

$5.50 postpaid (domestic) 

For sale by 

SCIENTIFIC AMERICAN 
24 W. 40th St., New York City, N.Y. 
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A G R E AT M A N  M A D E  
THIS DRY SMOKING PIPE 
FAMOUS THE WORLD OVER 

Bacle in 1 893, Paul Kreuger was 
president of the Boers. During the 
Boer War he was mi l itary leader of 
this gallant l ittle country. Kreuger 
was respected and loved by his 
people who affectionately cal led 
him OOM-o positive term of en­
dearment. The pipe which he smok­
ed was the some shope you see 
here. This pipe is therefore fittingly 

called OOM PAUL. Men who travel much meet OOM PAUL 
PIPES all over the world. 

TH E HOUSE OF WESTMINSTER, Ltd. 

OOM· 
PAUL 
PIPE 

TOBACCO HERE 

It 's  a sturdy flne friendly p i p e - l o o k s  g o o d ­smokes good-and keeps sweet. It's, hand-ca rved , of fine,,' im ported roof briar -it stays cool to the touch. The deep bowl holds lots of tobacco-lasts through 
o long radio program o r  a novel.  Great when yOO sit 
and chot-and don't won' 10 refi l l .  Greater st i l l be .. 
cous.e thot "we l l "  wil l  keep 'your ,moke dry. And jus.l 
look at the amozing bora  g a i n s  t h a t  W e st m i nster  offers you. 

°The Original Rum & Maple Blend 53 Pipa Mixture i. 
sweeping the land. 't used to cost 70e but large demand 
and production made possible the reduction to 25�. 
Here's your chance to try it on an OOM PAUL-the long­
smoke pipe .. iii Maybe you won't like the OOM PAUL ­

: . iUlt maybe. If you don't, · Westminster 
cheerfully refunds your money and you 

can keep the pipe. We want your friendship. Sen. C.O.D. 
you pay "tha postman $ 1 .00 plus 1 8t C.O.D. fae or pin .. 
dollar bill, check, money-order or s.amps '0 your letter 
and save 1 8e. A free catalog of Westminster Pipe and 
tobacco bargains sen' with each order. 

THE HOUSE OF WESTMINSTER, Ltd. 
Tobacconists & Pipe Purveyors 

191-Y Fourth Ayenue. New York, N. Y. 

S C I E N T I F I C  A M E R I C A N 
are negative in type and therefore hard to 
read. 

A new method called the Ozalid process 
provides not only a positive print but also 
utilizes dry development. The resulting 
prints consist of dark lines on a white 
background. They are contrasty, sharp, 
and easy to read. Since no liquids are used 
in developing prints, they do not wrinkle 
or shrink and are true-to-scale of the orig­
inal. 

The Ozalid process is a contact method 
of reproduction and, as such, depends upon 
the transmission of light through the orig· 
inal for the reproduction of prints. Ozalid 
sensitized materials can be handled in day­
light. It consists of two simple steps--ex­
po sure and dry development. Exposure is 
made in sunlight or by an arc or mercury· 
vapor lamp. The actinic light rays given off 
by these types of light sources convert the 
yellow sensitized surface to a colorless salt 
except where the surface is protected by the 
lines or opaque image of the original sub­
ject. The subject matter may be pen or 
penoil lines, typewriting or printing. The 
exposed print is developed dry in a few 
seconds by the application of ammonia va· 
pors in a dry· developing machine. 

ACID-RESISTING PUMP 

ANEW pump designed for use in evapo· 
rative coolers, chemical laboratories, 

and industries requiring an acid-resisting 
pump has been developed by The Air-O­
Line Company. Made of stainless steel and 

vitreous porcelain enamel 
stand, it is made in three sizes ranging 
in capacity from 140 to 360 gallons per hour. 

This completely self-contained unit has 
a height of only 8112 inches, and in opera­
tion the impeller unit is to be submerged 
from two to four inches. The motor is for 
110 volts, 60 cycles alternating current. 

REPLACING CARNAUBA 

THE American chemical industry has 
been shown to be elastic and adaptable 

in many cases since the present war in 
Europe began. The latest evidence to that 
effect is the successful replacement by Fos· 
ter D. Snell, Inc., of a large proportion of the 
carnauba wax in water waxes by other ma­
terials having a free and open market. Car· 
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MR. TOMPKINS 
IN WONDERLAND 

by G. Gamow $2 

Have you met Mr. Tompkins? 
Timid Mr. Tompkins who has 
fantastic adventures in the 
worlds of quantum and rela­
tivity? He will amuse you with 
his experiences with quantum 
billiards and a relative murder 
-and will show you much about 
modern physics at the same 
time. 

at all bookstores 

The Macmillan Company 
60 Fifth Ave., New York 

LINCOLN AIRPLANE & FLYING SCHOOL 
659 Aircraft Bldg. ,  Lincoln, N eb raska 

PATENT 
YOUR IDEA 

OTHER M E N  
have read and 
profited by our 
free books " Pat­
ent Protection" 
and "Selling an 
I n v e n t i o n ." Fully explain many interesting points to inventors and illustrate important mechanical principles. With 

books we also send free "Evidence of Invention" form. 
Reasonable fees. deferred payments, forty years' expe­
rience. Write to: Victor S. Evans & Co. , Registered 
Patent Attorneys, 569-C, Victor BuUding, Washington, 
D. C. 

G R O W  P R I Z E - W I N N E R S 
C R E A T E  U N H E A R D  O F  P LAN TS 
IN GARDEN - HOUSE- CLASSROOM 
S O I LLESS G A R D E N I N G  (growing p lants i n  chemicals) 
C O LC H I C I N E  ( revo lut ionary chemical creates g iant new 
unheard of p lants and fruits, huge doubled and re· 
doubled flowers) P H OTOSE N S I N ( makes p lants vital ly 
super.sensitive to l ight) V I TAM IN BI ( produces g i ant, 
prize·winn ing  " M YSTE RY" flowers) I N S  U L A  T E D  
G R EEN H O USES ( e lectric lamps only heating p lant re­
quired, use less g lass makes greenhouses avai lable to 
many)-the above mentioned art icles p lus page after Plllle 
of SC I E N C.E and M ED I C I N E-and-

OVER 40 PAG ES OF I L LU STRAT I O N S  
appear i n  the 

G IA N T  - YEARB O O K  - S P R I N G  1 940  
O F  G A R D E N  EXPER I M E N TS 

G IV E N  F R EE, one YEA R B O O K  with each introductory 
5· issue trial subscript ion to Q U EST-Science Sum mary 
- SC I E N CE, H O B B I ES, N ATU RE, M E9 I C I N E ­
this o·ffer good for 10 days only. 

Send your check, $1.00 bi l l ,  etc., to 
Q U EST-SS 

STARTS 
N OW 

QUEST 8-5 YEA R B O O K  
send a s  soon 

Wellelley, M ..... as off the prw 
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P A T E N T S  
GET FREE BOOK 

Take first step to protect your in­
vention-without cost. Send today 
for free "Record of Invention' · 
form-and new "Patent Guide for 
the Inventor" containing instruc­
tions on how to patent and sell 
inventions ; details of search ser­
vice; easy payment plan. Write 
today. 

CLARENCE A. O'B RIEN 
REGISTERED PATENT ATIORNEY 

Dept. OC4, Adams Bu i lding 
WASHINGTON, D. C. 

You Audit the Accounts 
of your Treasurer. 

Why not your Insurance? 
After a l l  i t  i s  the 

Basic Assurance of your 

Investment 

L. S. TREADWELL & Co., INC. 
'IN D E P E N D E N T  a U N AFFILiATED ADVI S E R S  

t 1 6  .JOHt-J STREET NEW YORK 

'�'�'A'�lo ' h u��!���c�'����5�!!�nd \ ' , I I J�J� 't� r.:':a':",,:w,," w;tb :h=·:..rJ::�';;':;;�:J 
S. A. The illustration 
ion of the eeale!!. Any� ' \'. 1 1 1 1 1 1 1 1  / 1 I 1/II/IJ :�� ':al";.. on the p� .. nt m.' 'L o';��: 

ODe today, Monev refunded if yeu are not 
aatisfied. Price. with Instructions. $5.00. 

� 1 Callh or C.O.D. Circular. free. " I Gilson Slide Rule Co., Stuart, Fla. 

, ' 1 1 1  I I I  I " " Slid" 8"1,, Maceruincl5 1916 

Experimental and Model Work 
Fine Instruments and Fine Machinery 

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

H E N RY Z U H R, I n c., 187 Lafayette St., N. Y. C. 

When yon write to advertisers 
The Editor will appreciate it If you 

will mention that you saw it in 

S C I E N T I F I C  A M E R I C A N 

Salaried Positions $2500 to $1 5.000 
Our confidential system (hiding your identity) works 
for you ; serves to increase your salary; promotes you 
tor high salaried executive positions at moderate cost. If you have earned $2500 or more ; can prOVe it. write 
tor valuable information. No. 34. Executive's Promo· 
tion Service, Washington, D. C. 

COMPLETE HOME­
STUDY C O U R S E S  
and educational books. 
slightly used. Sold. 
rented, exchanged. All 
subjects. Money-back 
guarantee. Cash paid 
for used courses . Full 

details and Illustrated 72-page bargain catalog FREE. 
Write today ! 
NELSON CO., C-243 Manhattan Bldg., Chicago. 

S C I E N T I F I C  A M E R I C A N  

nauba wax is an important ingredient in 
many widely used formulas, particularly for 
making floor waxes. Yet carnauba is hard 
to get because of the war and there has been 
erratic fluctuation in prices. 

One specific replacement product has 
gloss and other properties similar to the 
usual gloss drying waxes, yet it contains 
only 34 pounds of carnauba wax per 100 
gallons. 

OILED-EARTH PAVING 

ONE day back in 1929, Paul E. Tignor, 
field engineer for The Glenn L. Martin 

Company of Baltimore, accidentally upset 
a small can of lubricating oil which he was 
using on his 

>
lawn-mower in the back yard 

at his home. The oil penetrated a mass of 
red clay and Tignor, always of an in­
quisitive turn of mind, bent down to exam­
ine the oil-soaked mass of earth. He found 
that, in its oily condition, it could readily 
be mixed into a sort of dough. 

This gave Tignor an idea, and from that 
simple beginning he developed a wholly 
new paving process particularly designed 
for use on airport runways and which has 
subsequently been adopted as a standard 
surface in many municipal airports. 

At that time Tignor was seeking a long­
wearing, water-proof surface for a 1600-
foot airplane runway which he was about 
to construct for the Martin company at its 
Middle River plant near Baltimore. He 
continued his experiments by mixing vari­
ous types of oil, asphalt, and the like, with 
the native sand, clay, and gravel of the 
area until he found a satisfactory combina­
tion. That the formula was a good one has 
since been evidenced by the fact that the 
runway he laid down in 1930 is still in 
an excellent condition. 

CORRECTION 

IN giving the dimensions of the roadway 
on the pontoon bridge across Lake 

Washington, at Seattle, in our February 
article, "A Bridge That Floats," it was 
stated that there would be 24-foot sidewalks. 
This was a typographical error ; it  should 
have read "two 4-foot sidewalks." 

TRICHINOSIS AND PIG 
INSPECTION 

APRACTICAL plan for the eradication 
of dangerous trichinosis, at a cost of 

from 25 to 50 cents per pig slaughtered, 
was presented recently by Prof. Thurlow 
C. Nelson, of Rutgers University, before a 
meeting of the American Association for 
the Advancement of Science. The plan de­
pends, according to Science Service, on 
widespread use of a new, simple skin test 
for trichinosis developed by Drs. G. W. 
Bachman, D. L. Augustine, and Hans 
Theiler. It has been used successfully by 
the New York City Health Department 
during the past 18 months. 

"Every seventh to tenth garbage-fed pig 
slaughtered in this country today is wormy, 
infected with the most dangerous worm 
known to man." Prof. Nelson declared. 

Humans eating the meat of such animals, 
unless it is thoroughly cooked, may de­
velop the serious and often fatal malady, 
trichinosis. Federal health service esti­
mates show that tho trichino5is problem 
involves some 17,000,000 people, several 
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hundred thousand of them suffering the 
disease, and probably several thousand dy­
ing from it every year. 

By Prof. Nelson's plan the new skin test 
would be made on every hog slaughtered, 
both in commercial packing houses and on 
farms slaughtering for home and local con· 
sumption. The cost of this, once arrange-

PROBLEM : 

THE MEDIANS HERE is another of Lieutenant·Com· 
mander Kaplan's little problems such 

as we have been offering our readers for 
several months past, each time publishing 
the solutions in the succeeding month's is· 

� .  
sue : Construct by graphical means the trio 
angle whose medians are 1 .8", 2.4" and 
3.6".  Compute the lengths of the three sides 
of the triangle so constructed. 

That ought to be easy. Send your answers 
or any letters about the problem to Lieu· 
tenant·Commander Leonard Kaplan, in care 
of Scientific American, 24 West 40th St., 
New York, N. Y. and they will be for· 
warded, unopened, to him. 

SOLUTION TO THE 

PROBLEM OF THE CHORD 

AND ARC 

T IEUTENANT-COMMANDER Kaplali's 
L problem last month read as follows : 
Find the radius T of the circle in which a 
24' chord sub tends a 25' arc. Also, if that 

seemed pretty elementary, try taking the 
following sequel to it in high gear : Deduce 
a series which defines the radius T explicitly 
in terms of the chord c and the arc a­
a series, that is which will permit numerical 
computation of T by direct substitution of 
the known values of c and a. 

How much real trouble one man can start 
with just a few little words ! Well, here are 
the solutions. 

The conditions of the problem are ex­
pressed by the following equations : 

2 r sin x = c 
2 r x  = a 

Dividing 0) by (2) , we have 
sin x 

_ _  0 _ _  � _ 96000 
x - a - 25 - ' 

(1 )  
(2 )  

(3) 
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ments are made, need not be  more than 50 
cents per animal, and may be as low as 25 
cents. The New York experience with the 
test shows it is accurate to within less than 
3 percent, and the error is in the direction 
of safety since, with one exception, all the 
mistakes made were diagnoses of trichina 
infection where it did not exist. 

The value of x which satisfies this equation 
may be shown to lie between .492 and .493 
radians. An interpolation may be made for 
the next two figures to obtain five place 
accuracy, as shown in the table below. 

x (radians) I sin x I � x 
.492 I .47239 I .96014 

.49288 1 1�6 x .00100 = .00088 1 .96000 

.493 1 .47327 I .95998 

Substituting this value of x back in equation 
(2)  gives 

r 
= 

2: = 2 (.4
2
9�88) = 25.361 ft. (ans.) 

To evaluate T without the use of trigonom­
etric tables, sin x in equation (3)  is re­
placed by its series equivalent, 

• x3 x5 x7 x9 
sln x = x - - + -. - - + - (4) l!.. l!.. I..!.. l!. 
yielding 

� = I - � + � - � + � (5)  
a l!. I.!. ll. l!.. 

Rewriting (5)  and using the new variable 
z to denote the left hand side of the equa­
tion, 

z C . .  x' x· 6 ( l - - ) = x' -'- + -a 20 840 

(5) ' 

The series shown in (5) ' may be reversed· 
-made explicit in x instead of z-by set-
ting 

X = Zf + Azi + Bz� + Czt (6) 

then substituting this value for x in (5) " 
and placing the coefficients of the different 
powers of z separately equal to zero, thereby 
obtaining the values of A, B, and C. The 
series thus. reversed will be found to be 

1 zi 107 zl 
x = z� + 40" + 

67 ,200 

3197 z'!t 
+ 24,192,000 (7 )  

T o  get a series which expresses T directly 
instead of x, the value of the latter as given 
in ( 7 )  is substituted back in equation (2) . 
The capsizing of the series required by this 
operation may be accomplished by ordinary 
division. The resultant series is 

a ( z 13z2 

T = 
2 VZ 

1
- 40" -

13,440 
1649z3 ) 24,192,000 

(8) 

where, as already indicated in (5 ) ' above, 

Z = 6( 1 - � )  
For the specific values given in the problem, 

z = 6 (1 - ;D = .24 

and 
r = �( 1 _ ·24 _ 13 ( .24) 2 

2 V.24 40 13,440 

1649 ( .24) ' ) = 25.3610 ft. 
24,192, 000 

- See Horatio N. Robinson's "New University 
Algebra"-1867-Ivlson, Phinney, Blakeman '" Co.­
p. 32 8 et seQ.. 
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tical methods being successfully 
used by both amateur and profes­
sional growers. 

Whether you know much, nothing, 
or a little about the newly-popular­
ized soilless growth of plants ; and 
whether your interest is casual or 
keen, you will find the material you 
need in this new book. It gives exact 
methods, formulas, typical equip­
ment, lists of suggested sources of 
materials--even data on elementary 
chemistry, botany and plant physi­
ology. These methods of nutrient 
culture have been in practical opera­
tion over a period of years-not on a 
few square feet of bench-but on 
acres, and have made an exceptional 
profit. 
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Conducted by A .  D .  R A T H B O N E ,  IV 
INTEREST I N  FIREARMS is traditional with American men ; science 
has so developed them that millions yearly find sport and recreation 
in their use. Hence this monthly department presenting a wide variety 
0/ discussion regarding firearms, their handling, and their accessories. 
Suggestions from readers will be heartily welcomed.-The Editor. 

EXHIBITS OF OLD GUNS 

ATTENTION, you gun collectors ! There's 
.tl. a treat in store for those of you who 
live in or near St. Louis, Missouri, and 
Seattle, Washington. During the month of 
March The International Studio Art Cor­
poration will exhibit a considerable num­
ber of the ancient firearms which were 
formerly a part of the William Randolph 
Hearst collection. They will be shown in 
St .  Louis at Scruggs, Vandervoort & Bar­
ney's, and in Seattle at Frederick & Nel­
son's. These guns are well worth seeing. 

GUN PLANT GOSSIP 

IT was recently our pleasure to visit sev­
eral of the New England small arms 

manufacturers and among this cordial group 
not only were the latch keys out, as usual, 
but also we were let in on a few little 
secrets concerning gun developments which 
will be disclosed later in the year. One 
thing we can tell, however, is that the 
proposed "History of Colt Revolvers," by 
Charles Haven and Frank A. Belden, will 
be published. The response to the inquiry 
addressed to collectors and lovers of fire­
arms by Colt's Patent Firearms Manufac· 
turing Company as to whether the book 
would be well received was so spontaneously 
gratifying that it was determined to pro­
ceed with publication. From advance in­
formation it will indeed be a splendid 
volume of some 600 pages, 250 illustrations, 
and a 250 page appendix-one of the most 
complete books of its kind ever to be pub­
lished. 

At the J. Stevens Arms Company plant, 
Superintendent Frank T. Green exhibited 
some interesting developments for future 
Stevens products, details of which we hope 
to be able to tell you next month. At the 
home of the Marlin Firearms Company, 
A. P. Curtis, Coordinator of Production, 
took us through the plant and showed us 

Pat Murray - hores barrels 

"the works." It's too bad that every owner 
of a rifle, shotgun, or revolver can't have 
that same privilege. When you begin with 
the raw steel and wood and follow them 
through each of the hundreds of operations 
and processes to the completed product, 
beautifully finished and thoroughly tested, 
you not only have a great deal more respect 
for your own firearms, but you also come 
out with a feeling of increased confidence 
in the men who make guns. The care and 

Fred Sloane - trained eyes 

precision which has gone into the manu­
facture of your favorite firearm is something 
which has to be observed within the four 
walls of a gun factory to be truly appre­
ciated. 

For example, we watched Fred Sloane 
align a Marlin barrel. Fred, it seems, had 
been around gun factories for ·a number 
of years before he came to Marlin in 1902, 
and he's one of the few men in the country 
who can be depended upon for the delicate 
and precise work necessi tated in barrel 
alignment. We asked A. P. Curtis how it 
was done, and the explanation was as simple 
as the job was persnickity. The barrel is 
held up toward a specially prepared light 
and Fred Sloane looks through it. If the 
barrel isn't quite straight, there will be a 
shadow which only trained eyes can see. 
The quirk is removed by a machine process 
and then Sloane sights it again. This time 
it's clear, clean-cut, so Fred passes it on and 
it eventually becomes part of a Marlin gun. 

Then there's Pat Murray, who started 
working in the Marlin plant away back 
in 1886, and he not only doesn't look it, but 
the barrels he bores from the raw tubes of 
steel prove that his 54 years with his pres­
ent employer have made his eye keen and . .  
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his hand deft. Go where you will in Ameri· 
can firearms manufacturing plants, you will 
find the Fred Sloanes and the Pat Murrays, 
symbolic of that precision, that care, that 
accuracy which has distinguished American 
gun making from the time of the early 
Revolutionary flintlock to the present day 
Garand rifle. In these days of international 
unrest it's comforting to know that we've 
got men in this country who can and do 
make some of the finest guns in the world. 

SPORTSMEN'S SHOWS 

WHEN any one of the chaotic propen· 
sities of this weird world appears 

to choose our particular self on which to 
vent its spleen, we usually find soul-satisfy­
ing surcease by smashing a couple of dozen 
"birds" on the skeet field, wading a rippling 
trout stream, or, mayhap, imagining we are 
drawing a bead over the rifle sights on our 
pet peeve of the moment. But through win­
ter months this panacea is not too easy 
to achieve, so we say : "Bless the man who 
thought up the idea of the sportsmen's 
show ! 

There, for one glorious week in February 
or March of each winter one can utterly 
lose oneself among the myriad of guns, 
fishing rods, and everything that goes along 
with them. We heartily recommend a visit 
to your local outdoor show. It will sweep 
away the cobwebs of too much business 
strain and put you in tune with the open­
air activities soon to be with us. As this 
copy reaches print, New York and Chicago, 
between February 17 and 25, will simul· 
taneously be admiring new gun models or 
longing for that 4-ounce trout rod. On the 
heels of these exhibits will come shows 
in Philadelphia, February 26 to March 2 ;  
in Detroit, March 2 to 10 ; i n  South Bend, 
March 6 to 10 ; in Indianapolis, March 16 
to 24 ; in Minneapolis, March 23 to 31 ; in 
Buffalo, March 30 to April 7 ;  and in many 
other cities and towns hundreds of things to 
gladden the sportsman's heart will be on 
display. 

FROM THE MAILMAN 

R. C. R. asks if barrels of second-hand shot­
gun, 1912 vintage, will withstand modern 
high-power loads . • •  Ans :  Be careful of 
ancient barrels, especially twist, laminated, 
or Damascus. Many ammunition makers 
now enclose slips of paper in shell boxes 
warning against use of heavy loads in old 
types of barrels. 

P. R. L. wants suggestions for authoritative 
books on firearms for beginner • • .  Ans :  
"American Shotgun" (Askins) ; "In The 
Gun Room" (Burrard ) ;  "The Rifle in 
America" (Sharpe) ;  "Guns and Gunning" 
(Curtis ) ;  "The Bird, The Gun and The 
Dog" (Sands) . 

Pot-Shots 
AT THINGS NEW 

BOOKS OF THE MOMENT include Dr. John 
B. May's revised edition of "Natural 

History of the Birds of Eastern and Central 
North America," Ray Camp's "All Seasons 
Afield With Rod and Gun," and "Hawks in  
the Hand" by the brothers Frank and John 
Craighead. And speaking of books, if you 
haven't copies of the "Handbook on Shot· 
gun Shooting" and the "Handbook on Small 
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Bore Rifle Shooting" in your library, your 
bookshelf really isn't complete. Both of 
these inexpensive books are published by 
The Sporting Arms and Ammunition Manu­
facturers' Institute ; we'll gladly tell you 
more about them if you're interested. 

BELDING & MULL ( Geo. MeG. Fryberger, 
Successor ) have published a handbook 

(50 cents ) on reloading and handloading 
of ammunition for revolvers, pistols, rifles, 
and shotguns which provides the powder 
putterer, both novice and old-timer, with 
practical suggestions on why and how to 
reload, on primers, powders, bullets, ballis­
tics, tools, tables of charges, and accessories. 
For beginners' benefit, unduly technical 
phrases have been omitted, but advanced 
handloaders will also find much of interest. 

ITHACA GUN COMPANY, in answer to field 
trampers' plea for a light, yet safe shot· 

gun, has replied with Model 37 "Feather­
light" pump gun in 12, 16, and 20 gage at 
respective weights of 5%, 6, and 6% 
pounds, with every piece proof-tested at 
loads developing 7% tons pressure. "Feath­
erlight" is available in any choke, has 5-shot 
capacity (with plug to conform to 3-shot 
Federal Migratory Bird Law) , 2% inch 
chamber, 14 inch stock, drops of 1% inches 
at comb and 2% inches at heel, full pistol 
grip with grip cap, hand checkered stock 
and fore-end, and engraved receiver. 

INTERNATIONAL RESEARCH CORPORATION, 
makers of the Argus cameras, have an­

nounced a new 55mm prismatic spotting 
'scope which has been acclaimed the "hot­
test" thing on the market. It is 14% inches 
long, weighs 43 ounces, comes with standard 
magnification of 20X and offers 14mm eye 
relief, thus providing comfort for gunners 
who wear glasses. Optional eye pieces of 
12.8X and 26X may be had at slight extra 
cost and both are interchangeable with the 
20X. At 100 yards the Argus "Spotscope" 
offers a field view of 11 .4 feet with the 20X ; 
16_5 feet with the 12.8X ; 6.3 feet with the 
26X. Metal caps protect both eye piece 
and objective lens during transportation. 

HARRINGTON & RICHARDSON ARMS COM-
PANY, for convenience in carrying, pro­

tection against lost pieces, speed in prepar­
ing to shoot, offers a finely balanced single 
barrel shotgun in two frame weights, both 
equipped with black walnut stock, semi­
beaver-tail fore-end and auto·ejector. The 
4% pounder has a 22-inch barrel, is cham­
bered for .410 and 28 gage, while heavier 
model, in 12, 16, 20, 28 and .410 gage, has 
26-inch barrel and varies in weight from 
5% to 6% pounds, depending on gage. The 
.410 in both models takes a 3-inch shell. 

REDFIELD GUN SIGHT CORPORATION offers 
to "X·ring" devotees a new streamlined 

(no projections to catch on gun case or 
clothing) precision rifle target sight with 
60-minute elevation adjustment, eight indio 
vidual quarter-inch positions in a two·inch 
extension from front to rear and an 18· 
minute windage scale in each direction. 
When sight radius is changed by moving 
sight from one position to another, correct 
elevation is automatically maintained_ 
Scales are shown by dark figures on pol­
ished surface in 3-minute gradations with 
opposite side blank for individual markings. 
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N e w  W a y  1 0  L e a r n  
FREICH, SPANISH, 
ITALIAN or GERMAN 

It'. almost beyond belief how quickly and easily · you 
can [earn to speak and read 
French, German, Spanish or 
Italian through the Cortina­
phone Method. This method 
has been used by thousands 
in all walks of life-men 
and women who had only 

spare moments to give to learning a new language. 
If you want to make more money-if you want a 

better position-greater mental development­
greater enjoyment of life--higher social position, 
or if you want to travel, learn to speak a foreign 
language. You can do it quickly, easily, thoroughly 
with the Cortina Short-Cut Method. 

F R E E B O O  K Write at once for thi. 
interesting illustrated 

book, "The Cortina Short­
Cut" which tells you about 
the Cortinaphone Method and 
how you · can quickly learn to 
speak and read a foreign 
language this new way. Just 
fill out and mail to 
Cortina Suite 1 105 N. Y. 

IJ Italian [] German 

Name • • • • • • .• • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • •  

Address 
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Fawn Stegosaurus Turtle 
Rhinoceros Sea Horse Polar Bear 
Penguin Lion Steer 

Send for our complete illustrated list 
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B L A C K  L I G H T POWE R F U L  U LTRA 
V I O LET LA M PS 

Brilliant fluorescence. Made of "Special Filter 
Glass_" Fit standard medium screw base 
sockel. Operate from ANY 1 05 to 120 A.C_ 
or D.C. lighting circuit. NO TRANSFORMERS 
OR RESISTORS. 300 Wall (50 hrs.), $2.00; 
325 Wall (200 hra.). $3.00; 500 Wall (300 hra.). 
$4.00. Special! 
U. V. ARGON LAMP-2 1f2Wall-only SOc 

Include postage and I N S U R A N C E ,  
your zone , with remittance, o r  order 
"Railway Express" collect. No Stamps. 

U. V. Catalog . . . . . . . . . . . • .  10c 
HARRY ROSS Scientific & Laboratory Apparatus 

68-70 West Broadway. N. Y. C_ 

r- THE MAN WHO WAS ­
SHAKESPEARE 

- was the mysterious Edward de Vere, 
1 7th Earl of Oxford, forced to hide 
his identity under the pen-name of 
Shakespeare; 

- was financed by Queen Eli�abeth 
who needed his plays as propaganda 
lor her demoralized subjects. 

More absorbing than strangest fiction 
is the truth about THE MAN WHO WAS 
SHAKESPEARE. For conclusive light on 
literature's greatest puzzle. you must know 
the amazing evidence which the author 
uses to prove that "the Bard of Avon" 
was not the man selected by history for 
its laurels. 
"Admirers of the Stratford actor will 
be forced to admit that Mrs_ Clark has 
renderetf their cause a telling blow." 
-St. Loui, Post-Di,patch. 
By Eva Turner {;lark 

$3.50 at bookstore., or from 
RICHARD R. SMITH, Publi.her, 

120 E. 39th St., NEW YORK 
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UNEXCELLED 
in Value 

COMPACT 
in Design 

LIGHT 
in Weight 

These are the 3 reasons 
for the success of the 

BABY BESSA, JR. 

This Baby Bessa Jr. has created 
somethinq of a sensation in the 
miniature camera field. It's a 
Voiqtlander model, with all the 
quality of workmanship that the 
name Voiqtlander denotes. It is 
supplied with an 1/3.5 Voiqtar 
lens in Prontor shutter with de· 
layed action • • •  with speeds up 
to 1 / 1 75th part of a second, and 
its features include hinqed yel. 
low filter in interchanqeable 
mount, foldinq frame finder, com· 
pactness in size and Iiqhtness in 
weiqht, lens mount focusinq, real 
leather bellows, safety lock on 
back, etc. It takes 12 pictures 
2 1f4x2 1/4 on 120 or 620 size film. 
See it at Willouqhbys and you'll 
soon see why it's creatinq sales 
records • 

•. ' 
I .  • : . '  

Mail Orders 
Filled. 

Postage 
Prepaid. 

Write Dept. 
S. A. B. 

World's Largest Camera Store 
1 1 0 WEST 32nd ST., N. Y. 

Near 6th Avenue 
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Conducted by J A C O B  D E S C H I N ,  A. R. P. S. 

MOUNT YOUR PRINTS 
A FTER you have gone through all the 

tl. steps involved in turning out a photo· 
graphic print in which you take particular 
pride, the job will remain incomplete un· 
less you take the final step to give it proper 
display in a suitable mounting. The print 
does not have to be as large as 11 by 14 
inches nor does the mount need to be a 
16 by 20·inch exhibition size. Suit the mount 
size to the area in which the mounted pic· 
ture is to be hung. A relatively small space 
may require a small mount, perhaps only 
11 by 15 inches, in order to allow "breath· 
ing space" all around it. For about the 
same reason, a small print may look right 
on a large mount. It is all a matter of study· 
ing the needs of the particular print you are 
mounting, coupled with your own personal 
tastes. 

The simplest method of mounting prints 

Figure 1 

is in an album, but the mountings we have 
in mind are those of exhibition caliber­
the type than can be hung on the walls of 
one's home--ranging in size from about 
10 by 12 inches up to 16 by 20 inches. For 
the best results, it is advisable to purchase 
the regular mounting boards available in 
photographic stores in several thicknesses 
and, as a general rule, in the regulation 
16 by 20·inch size. Some stores sell these 
mounting boards in smaller sizes. The most 
popular boards are white on one side and 
buff on the other, permitting a choice as 
the occasion arises, without having to pur· 
chase a number of boards of each color. 

Pictures may be mounted on single boards 

Figure 2 
or between two boards, with an opening 
cut out in the top board to the dimensions 
of the print. In the first case, the white 
print border, if any, is trimmed off and the 
print mounted so that it adheres firmly 
over its entire surface. Adhesion is effected 
by using rubber cement coated on both the 
mount and the back of the print, allowing 
both surfaces to dry before laying the print 
down, or by employing some other adhesive, 
such as mounting tissue. 

The second method of mounting, now very 
much in vogue, has a good deal in its favor, 
although it entails a little more trouble 
than the first. These double mounts can 
either be purchased ready made or cut at 

Figure 3 

© 1940 SCIENTIFIC AMERICAN, INC



MARCH · 1940 

home. The ready·made type are provided 
with an opening either for 8- by lO-inch 
or 11- by 14-inch prints. These may serve 
in most cases, but many workers will find 
it more satisfactory to cut their own for 
two reasons : they can cut the opening to 
any size they may wish without being re­
stricted by the two sizes commercially avail­
able, and, secondly, they can vary the effect 
of the opening by using top boards of vary­
ing thicknesses to obtain different beveling 
effects. 

The opening is cut with a sharp knife 
held at an angle against a guide of some 
sort. This provides the attractive beveled 
edge. A straight edge and a knife will do 
the job, but in order to assure against the 
knife "wobbling" down its course, it is 

Figure 4 
necessary to lay down a sheet or two of 
cardboard under the mount being cut. Due 
to the popularity of the cut-out mount, two 
mount cutters have been introduced on the 
market, the Xacto and the Cut-A-Mat, the 
latter making it possible to cut circular 
openings. (See Figure 4.) 

Conventionally, prints are usually placed 
on the mount so that the top and two sides 
are the same distance from the edge, leaving 
the space below the print about twice, 
more or less, the top dimension. This rule, 
however, cannot always be followed, as in 
the case of a long picture or a rather small 
print on a large mount_ In such cases, the 
worker's personal judgment must guide 
the proper placing of the print. 

As a general rule, the color of the print­
ing paper dictates the color of the mount 
to be used. For white prints use the white 
side of the mount, for buff or ivory, the buff 
side. 

Figures 1, 2, and 3 illustrate the principal 
steps in mounting a print with a cut-out 
opening. Figure 2 shows the top board 
being set into place. The print is first cen­
tered on the bottom or base mount so that 
it will fit properly into the opening, and 
some dabs of rubber cement are applied 
all around the print on both mounts as 
well as a dab or two under the print itself. 
In this type of mounting, the white border 
need not be removed from the print be­
cause the top mounting board effectively 
covers it. 

When the job is finished, use a block of 

S C I E N T I F I C  A M E R I C A N  

art gum to clean marks off the surface of 
the mount. Hang in an appropriate place 
either by using a gummed tab provided 
with a hole for hanging on a picture hook, 
or some such device as the Braquette ad­
j ustable picture frames. 

QUANTITY PRINTING 

W
HEN a number of prints from a single 
negative are desired, particularly 

when the prints are quite small, as when 
making greeting cards, it becomes a labori­
ous and tedious job to develop the prints 
individually. Normally, prints are exposed 
and dropped into the developing tray one at 
a time. However, if care is exercised it is 
possible to develop three or four small 
prints at a time. After determining the 
proper printing time, expose a number of 
prints and keep them under cover. Take 
up three or four and immerse them in the 
developer solution at intervals of, say, five 
seconds. Thus, the second would be im­
mersed five seconds after the first, the 
third five seconds later, and so on. It is 
not too difficult a task to keep tabs on the 
prints and know which one went in first. 
Besides, in a minute-and-half developing 
period, five seconds or so is not going to 
make much difference. Also, it does not 
have to be five seconds ; the prints can be 
immersed rapidly one after the other so that 
all three or four are in within five seconds 
or less. If the five-second interval scheme 
is employed, the prints will be pulled out 
at the end of the developing time in the 
order in which they went in. 

PRE-SETTING FOR ACTION 

MANY photographic workers frequently 
experience difficulty in stopping the 

action of a moving object as it approaches 
the camera. Usually, the reason is that they 
attempt to focus the subject as it is moving. 
This has two disadvantages : you have to 
keep focusing up to the actual exposure, 
and the concentration on focusing causes 
you to forget the composition and pictorial 
interest of the subject itself. In other words, 
you are so absorbed with the mechanics of 
the camera that you have no eye for the 
picture. The better way is to set your focus 
in advance on some given object which the 
subject is due to pass. When the subject 

"Bumpety.Bump'" 
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THE 

I M P E R I A L  
"MASTER" 

PR I I T D RY E R 

. . .  A QUALITY 
D R Y E R  A T  A 
MODERATE PRICE 
• 

DOUBLE FACED 
2 DRYINa SURFACES 

• 
T H E  IMPERIAL M A S T E R  
PRINT DRYER is a precision 
electrical instrument, ruggedly 
designed to give long and sat­
isfactory use. Heat intensity is 
thermostatically controlled to 
prevent overheating and dam- . 
aging of prints. It is a double­
faced unit with a maximum of 
drying area accommodating 
two full l l x l 4" prints at a time 
or larger quantities of smaller 
sizes. It has been insulated 
throughout according to rigid 
standards and consumes a 
mmimum of current, only 200 
watts. Minimum convexity of 
the drying surfaces insures 
even heating and uniform dry­
ing of prints within the shortest 
drying time. 

Mail Orders Filled. Postage Prepaid. 
Write Dept. S. A. 1. 

�If World's Largest Camera Store 
1 1 0 WEST 32nd ST., N. Y. 

Near 6th Avenue 
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Pennex Enlarging Easels 
5x7 . . . . . . . . . . . .  $2.95 
8xl0 . . . . . . . . . . .  3.95 
11 x 14 . . . . . . . . . 4.95 

Pennex Print Press $2.95 
(takes up to 11x14) 

Pennex Enlarging Meter 
$2.69 

P & B Developing Units 
35 mm . . . . . . . . .  $2.25 
120-127 . . . . . . . .  3.15 
Peral Developer .72 

Mansfield Toner Kit 
$1.49 

( M a g  e n t a. Blue, 
Green, Brown) 

American Made Tripods 
4 section. 49 in. $2.25 

F. R. Hi- SPOT . . .  $8.95 

Pennex Tilt Top $ .59 

Studio Scales---{!omplete 
with weights . . . $3. 19 
(Please specify metric 
or avoirdupois) 

Marshall's Sampler Col­
oring Kit . . . . . .  $ .7 7  
(8 tubes) 

Reflectors. 9 In. . .  $ .79 
(double ball clamp. 
approved wiring, get 
3 for best results) 

NEW G-E MIGHTY 
M I D  G E T  # 5 Flash 
Lamps. per doz. $1.79 
Adapter for same .40 

Enlarger Foot Switch 
Heavy Duty Profes­
sional Type . . . .  $2.22 

Please add 10% of your total purchase for post­
age. We will pay any overage and refund any 
difIerence. 

It is Easy to Take 
BETT E R  

A U T H O R S  
W R I T E R S  
S P E A K E R S  

Technical and Scientific Subjects 

Your manuscripts, college 
theses, speeches edited and 
criticized for style and 
diction ; suggestions for re­
writing given ; possible mar­
kets quoted - $1 .00 per 
thousand words. Highest 
references. 

TECH EDITORIAL SERVICE 
26 West 40th Street, New York City 

P ICTURES 
• • •  if you know a few of the simple 

fundamental requirements. Once you find out how your camera works, learn 
how to make correct exposures, and master the basis of composition, your 
camera results will show immediate improvement. You need not wade through 
text books, dry treatises, in order to obtain this information. Into "So You 
Want to Take Better Pictures," the author, drawing on a varied experience 
in photography, has packed just the things you need to know. Questions 
and problems have been anticipated, answered in detail, for the camera 
owner who has his developing and printing done at the photo shops. Written 
as a running story of your camera and how best to use it. 

Chapter Summary : What Your Camera Does ; Equip­
ment for Better Photography ; Indoor and Outdoor 
Pictures ; Portraits ; Action Photography ; Candid Pic­
tures ; Angle Photography ; Color ; Tricks with Your 
Camera ; Troubles and How to Overcome Them. 

USO YOU WANT TO TAKE BETTER PICTURES" 

By A. P. PECK 
Associate Editor, Scientific American 

IN the 210 pages ( 16 chapters ) is all you 

need to know to guide you along the path 

to better photography. Dozens of illustra­

tions help to explain the text. Board covers. 

Order direct from 

MUNN &: CO., iNC�" 
24 West 40th Street 

per 
Copy 

( Plus 10 
cents postage) 

New York City 
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reaches this point, snap the shutter and your 
picture will be sharp, particularly if you 
have stopped the lens down sotnewhat to provide depth of field. "Bumpety-bump" 
was made in this way by pre-focusing on the 
post. When the pony reached the post, the shutter was snapped. Due to the dullness 
caused by an overcast sky, a longer snap­
shot exposure was required than was neces­
sary to stop all movement. However, the 
result was satisfactory. 
PORTRAIT BACKGROUND 
SHADOWS 

P
ORTRAITS that include three quarters 
of the figure usually give considerable 

trouble because of the problem involved of 
how to balance the subject, where to put 
the hands, and so on. Illustrated here is 
one way to do it. A bench was used, al-

"Ruth" 

though a box or similar object would serve as well. In addition to a suitable pose and 
lighting, a shadow of the figure was pro­
jected on the background by means of a 
low-placed spotlight. Observe how this 
shadow not only aids the composition but also imparts a certain gayety to the picture 
that seems entirely suitable to this particu­
lar subject. 
FOCUSING BY 
GUESS 

M
ANY cameras are of the inexpensive 
type, which usually means a lack 

of any type of automatic focusing device, 
such as the range finder and reflex focusing 
conveniences. So their owners must learn, 
at the very beginning of their photographic 
hobby career, how to estimate distances by sight. For close distances, such as those 
required with close-up supplementary 
lenses, it will doubtless be found necessary 
to use a measure of some kind ; for work 
at longer distances, distance-estimation by 
guess must be resorted to. 
Some persons get it quickly ; others re­

quire considerable experience before they 
catch on. A standard method of learning 
to estimate distances is to look towards a 
subject a certain distance away, make a 
guess at the distance and then measure the 
distance to see how close your guess was. 
Another way is to look at a piece of furni­
ture, such as a sofa or a long table and 
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make a guess at its length. Another is to 
master a basic distance estimate of say five 
feet and judge all distance in units of five 
feet. Each worker discovers some little 
method of his own. The fact is that most 
amateurs do pretty well at guess focusing, 
even though it is considered that medium 
small stops are used. 

Is CHROME ALUM 

STABLE ? 

THIS question, propounded in F oto Re· 
view, and one frequently asked by ama· 

teur workers, is answered fully and authori· 
tatively by Mr. LeRoy Roselieve. The 
answer follows : 

"Chrome alum in its dry chemical form 
is fairly stable and may be kept for a long 
time in the original container. However, 
short·stop baths and fixing baths contain· 
ing chrome alum do not keep well as the 
hardening and physical properties of 
chrome alum break down very rapidly in 
solution in the presence of an acid. Hence, 
solutions containing chrome alum should 
be changed often in order to realize the full 
benefit of the hardening properties of 
chrome alum itself. Particularly stop baths 
used between development and fixation of 
negatives should be freshly mixed each time 
before use and discarded after treating a 
small quantity of film." 

CANDID PHOTOGRAPHY 

Is STILL WITH Us 

THE miniature camera started out years 
ago as a convenient medium for shoot­

ing pictures of people candid-wise, and it 
appears that the magic of the word "candid" 
still fills the air. A great many persons 
still look upon the miniature camera as a 
dandy way of getting pictures of people 
when they aren't looking. We know that 
today many so-called candid pictures are 
taken not only with the awareness but also 
with the co-operation of the subject, and 
this arrangement has, in fact, proved to be 
the better method in a great many cases, par­
ticularly in the matters of suitable lighting 
arrangement and posing. 

The accompanying illustration is an ex­
ample of pure candid and was shot at //2.8, 
1/50th of a second, during an outdoor bene-

"The Artist" 
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fit. Both subjects were absorbed in their 
separate tasks, the one at the easel, the other 
posing, so that the photographer was able to 
shoot without disturbing either, yet under 
suitable conditions, both as to lighting and 
pose. 

THE INTIMATE TOUCH 

W
E don't know how the print "New 
Hampshire" will strike our readers ; 

we are reproducing it as a bit of self-in­
dulgence in the hope that it may strike a 
response in others of our readers with like 
interests. Why did we select this subject 
during a leisurely walk along a country 

"New Hampshire" 

road in New Hampshire ? Well, chiefly be­
cause it was a piece of landscape removed 
from all the surrounding territory yet char­
acteristic of the whole countryside. Here 
we had a comfortable viewing angle that, 
in a small, intimate space, told the whole 
story of the uniquely beautiful New Hamp­
shire countryside. The lighting was delight­
fully right and the small cloud strategically 
"stopped" in the only place in the picture 
where it fitted best. Somehow even the size 
of the cloud, and its shape, are appropriate. 
A bigger cloud or a smaller one, or one of 
different shape, might have seemed out of 
place. 

AMIDOL DEVELOPER 

FOR PAPER 

FOR greatest transparency in heavy 
shadows and a rich blue-black color 

when enlarging on bromide papers, a de­
veloper that has been the favorite of many 
earnest workers for years is made up from 
the ami dol formula. One of the principal 
reasons why it does not enjoy the wide 
popularity that it deserves is its perishable 
nature. It does not keep and must be made 
up at the time of using. For those interested 
in trying the formula, here it is : 

AMIDOL DEVELOPER 
Sodium sulfite, dry . . . . . . . .  3/4 oz. 
Potassium Bromide ........ 10 grains 
Water to . . . ......................... 20 oz. 
then add : 
Amidol ................................ 50 grains 

Develop at 65 degrees for two to three 
minutes. 
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Is your hobby fishing ? Hunting? Record 
each trip in color movies. Whatever your 
hobby may be, get the new "Shelloading" 
16 mm. Filmo and begin a permanent movie 

r e co r d !  T h i s  sim plifi e d  c a m e r a  m a k e s  
movies with push-button ease! No thread­
ing-it loads with pre-threaded film maga­
zines. Change from color to black-and­
white film in mid-reel! With four speeds, 
device for animating cartoons, provision 
for using special lenses, it's a basically 
complete camera for all your movie de­
mands. Priced from $ 1 1 5 .  Made by the 
ma�ers of Hollywood professional movie i.��i�-������---fi 

���\.�c��!':tLKv���PANY I 
Chicago, III. I 
Send free, 16-page booklet: about the new I "Shelloading" 16 Mm. FUmo. I I 
Name . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . : 
Address . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  : 
City . . . . . . . . . . . . . . . . . . .  State • • • • • • • • • •  SA 3-40 ; 

P R E C I S I O N - M A D E  B Y  

B E l l & H O W E l l  
Bass says: 

Pity the poor mortals 
who cannot wander thru 
my Museum of Camera 
Wonders. The next best 
thing is to read about 
them in my 

BASS CAMERA 
BARGAINGRAMS 

Regales you with the 
marvelous things on sale 
at my emporium. You 
are privileged to order 
direct from Bargain­
gram # 242 (S T I L  L 
CAMERAS) or # 240 (MOVIE EQUIPMENT) . Send 
for one or both . . . FREE. 

Candid Midget: with F :4.5 Hugo Meyer lens, 
Varia shutter . . .  special . . . . . . . . . . . . . . .  $9.75 

National Graftex Series I :  Tessar F :3 .5  lens 
• • •  like new • . . . . . . . . . . . . . . . . . . . . . . • . . .  45.00 

LeieR A: Elmar F : 3 .5 lens . . .  carrying case 
and range finder. In good condition . . . . .  37.50 

3A KODAK : Range finder coupled • • •  
Kodamatic shutter. Kodak F:6 .3  lens . • •  • 
good condition • . . . • . . . . . . . . • . . . . . • . . . . . . .  16.50 

Exakta B Jr. : for 127 V. P. film • • •  F :3.5 
lens • • •  good condition . . . . . . . . . . • . . . . . .  35.00 

Korelle Reftex Model I :  Victar F:3.5 lens. 
List $70 • • •  like new • • . . . . . • . • • • • • • . • • • . 46.50 

I!I.�,.,. eAMERA eo. D e pt. � 11��ic�:o�r��-.: AD 
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fi N ER 
INDOOR 
MOV I E S  . . • USE THIS LENS 

DON'T let poor light-

ing h a m per your 

movie taking. Equip with 

an ultra - fast W ollensak 

C i n e  Velostigmat * -

ideal  for i n d o o r  and 

color work. Fine optical 

C I N E  corrections give rich,  
V E L O STIGMAT brilliant details. Econo-1'WRITE 

FOR 
F R E E  B O O K  

mical, too ! In I" and 2" 
focus /1.5 for 16 mm j 
and 1fz" focus /1.9 for 

B mm. "Reg. U. S. Pat. Office. 

WOLLEN SAK OPTI CAL C O .  
'29 Hudson Ave. Rochester, N. Y. 

Snap T H IS tonight 
You'll find it easy, if you use 
VICTOR Lighting Equipment and 
follow our suggestions in the instruc­
tive folder offered below. 
VICTOR Reflectors increase the ef­
fectiveness of Photolamps many 
times, make snapshots almost as easy 
to make indoors as out ! 
Only two Photofloods in VICTOR 
Reflectors were used in making the 
picture above: a No. 1 at the camera 
and a No. 2 to the right, slightly 
behind and above the subjects. Made 
in 1/10 second at f/5.6 on Panatomic 
X Film. 

• See your dealer-or write for our 
FREE Instructive Folder. 

James H. Smith & Sons Corp. 
2 4 6  Colfax SI. Griffith. Ind. 

S C I E N T I F I C  A M E R I C A N  

DUST SPECKS ON 

GEVALUXE PRINTS 

A S everyone probably knows, Gevaluxe 
.tl. prints cannot be handled as freely as 
prints made on other papers because of the 
unique surface. This surface, which resem­
bles a sort of hardened velvet, the result of 
an emulsion mixture which consists of finely 
ground rabbit fur mixed in with the gela­
tin and emulsion, has a way of catching lint 
and dust which is difficult to remove by the 
usual method of blowing or wiping the dust 
away. An effective method is to use a small 
sable brush, bone dry. Push the end of the 
brush against the individual bits of dust and 
lint until the latter have been dislodged. 
Then simply blow the dust away. It is only 
a matter of dislodging the dust from the 
surface "carpet." 

PANORAMA 

WITHOUT TRIPOD 

ONE of the most interesting pictures 
made by amateurs during the course of 

the New York World's Fair last year, was 
a panoramic shot taken without benefit 
of tripod or angle calibrations. Mrs. Dora 
K. Howe, of the London Terrace Camera 
Club (New York ) , who made the picture, 
says she used the surface of a stone ledge, 
swinging the camera around from left to 
right of the Court of Nations area, halting 
for exposures at each turn. In all, she made 
four exposures which, by overlapping slight­
ly at the edges, gave her a continuous pano­
rama of the scene with the exception of 
one joining, where the clouds failed to mesh. 
This she plans to correct with pencil work. 

POSING TIPS 

HERE are a few hints that will help you 
to determine camera position, lighting, 

and so on, for various types and situations. 
Long Face :  Camera should be above the 

head, with latter at three-quarter angle. 
Broad Face: Camera level, shooting almost 

profile. 
Pug Nose: Camera above head, nearly full 

front, with head bent. 
Long Neck : Camera above head ; bend 

head. 
Bald Head: Camera below, front lighting, 

reflection from below at one side. 
Furrowed Face : Diffused light, flat lighting. 
High Cheek Bones : Broad front lighting. 
Hollow Cheeks : Front, side lighting. 
Full Length and Group : Flat top lighting, 

screened toward floor. 
Babies : Camera low, flat lighting. 
H and$ : Edgewise to camera or nearly so ; 

shade with screen. 

KEEPING DEVELOPER 

SOLUTION 

FOR ideal preservation of developer stock 
solution, it is recommended that the 

bottle be kept full at all times. The usual 
method of achieving this is to have on hand 
a supply of marbles and drop in a sufficient 
number to keep the solution near the top. 
Another method recently suggested to us 
by a druggist is to turn the bottle upside 
down. The liquid seals the opening and 
makes it air-tight. Sounds reasonable 
enough. The . only difficulty would be in 
keeping the · bottle upright when standing 

BOOKS f 
o 
r 
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BOOKS 

Amateur Photographers 
NEW WAYS IN PHOTOGRAPHY, by 
Jacob Deschin. Eminently practical 
from .every point of view, this new 
book contains nothing of theory and 
nothing that the advanced amateur 
photographer will not find valuable 
in one way or another. It covers the 
whole range of amateur photography, 
discussing such things as trick pho­
tography, photomurals, retouching, 
infra-red, and a number of other sub­
divisions that will not be found else· 
where in as clear and concise a man­
ner. $2.85. 

So You WANT TO TAKE BETTER PIC. 
TURES, by A. P. Peck. A friendly, face­
to-face chat with the camera owner 
who has his developing and printing 
done at the photo shops, yet wants to 
know enough about his camera and its 
uses to enable him intelligently to 
utilize it to best advantage. Over 200 
pages, dozens of illustrations_ $2.10. 

UNIVERSAL PHOTO ALMANAC AND MAR­
KET GUIDE. How, when and what to 
photograph in order to make money 
with your camera ; where to sell dif. 
ferent types of prints. $1.00. 

AMATEUR FILM MAKING, by George H. 
Sewell, A.R.P.S. Useful to the begin­
ner as well as the expert movie maker_ 
Tells about films, cameras, exposure, 
film editing, story telling with the 
camera, and so on. Illustrated. $1 .60. 

CHAMPLIN ON FINE GRAIN, by Harry 
Champlin. A complete hand-book on 
the entire subject of fine grain, in­
cluding formulas and how to com· 
pound and use them. $1.85. 

PHOTOGRAPHIC HINTS AND GADGETS, 
by Fraprie and Jordan. How to make 
all kinds of photographic accessories ; 
from film clips to cameras to light· 
ing equipment, and so on ; 250 articles 
and nearly 500 illustrations. $3.60. 

PORTRAIT PHOTOGRAPHY, by H. Wil­
liams. Fundamental principles of 
composition and lighting, paving the 
way to satisfactory results in this 
particular branch of photography. 
$4.35. 

PHOTOGRAPHIC ENLARGING, by Frank. 
lin I. Jordan, F. R. P. S. One of the 
most interesting and authentic books 
on enlarging. Its 224 pages cover 
every phase of the subject and 75 
illustrations, many of them salon. 
winners, show the value of correct 
technique. $3.60. 

PRICES QUOTED INCLUDE POSTAGE 

We Can Supply Any Photographic 
Book in Print 

SCIENTIFIC AMERICAN 
24 West 40th Street New York City 

OOKS ___ B_OOK 
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M I C O  FI LTE RS 
M A D E  O F  S P ECTRO· 
SCO P I CALLY TESTED 
O PT I CA L  G LASS-PLAN 
PA RALLEL- N O  G ELA· 
T I N .  

M ake beautiful pictures­
not merely snapshots­
Add snap and zest to your 
photographs with these 
remarkably efficient MICO 
filters. Only good quality 
filters can give satlsfac· 
tory results. 

Dyed in the mass, INDI· 
VIDUALLY ground and 
polished like the finest lenses, MICO ftiters are stable, 
unaffected by mOisture, heat or  light and available In 
sizes from 1 9  mm to 51 mm in three densities of 
Yellow and Green, one density each of Red, Orange, 
Blue and U. V. Rapid. Your IIrst cost is the last • • • 
as they will give you years of satisfactory service. 

Filters Discs 25 mm 31 mm 39 mm 42 mm 51 mm 

Yellow or 

Green $1.10 $1.25 $1.90 $2.75 $3.75 

Red, Orange 

or  Blue 1.95 2.'0 3.50 4.00 5.75 

Ask for Circular 

MIMOSA AMERICAN CORPORATION 
485·5th Ave.,  New York 

INVENTORS 
Well established firm is interested in commer­
cially developing new, useful inventions, es� 
pecially in the photographic and optical field •• 
Write to Box #5 000, c/o Scientific American, 
24 West 40 Street, New York City. 

FIFTH ANNUAL 
SCIENTIFIC 
AMERICAN 

P HOTOGRAP HY 
CONTEST 

More Prizes. More 
Opportunities to Win 

So successful have been 

our past contests, that we 

have been encouraged to 

expand the next one to 

even greater size. Details 

are now being completed. 

Watch for the 

ANNOUNCEMENT OF 
R U L E S  and  P R I Z E S  

To Be 
Published Soon 

S C I E N T I F I C  A M E R I C A N  

on its narrowest end. This can easily be ac· 
complished, of course, by standing the 
bottle in a corner, in a box, between two 
standing objects, or by other means. 

WHAT'S NEW 
In Photographic EquiPlllent 
«If you are interested in any of the items 
u.. described below. and cannot find them in 
our advertising columns or at your photo­
graPhic dealer, we shall be glad to tell you 
'where you can get t hem. Please send a 
stamped envelope with your request. 

FILMO MASTER 8 PROJECTOR : Features : 
rack·and·pinion tilt, whereby picture is 

positioned on screen by turning knob ; cen· 
tralized switch panel, with separate con· 
troIs for lamp and motor mounted on pro· 
jector base ; radio interference eliminator, 
allo:wing radio music in same room during 
projection ; lens·lock permitting projection 
lens to be locked in position after focusing. 
Finished in ebony black, with chromium 
trim. Has Bell & Howell film·protecting, 
side tension feature, framing device ; takes 
300, 400, or SOO·watt lamps. 

NIKOR PRINT WASHER ($4.75, $7.75) :  
Prints (and films ) washed by device be· 

tween leaves of vertical "book" made of 
specially processed absorbent fabric. Prints 
cannot touch each other. Filtering action of 
cloth assures clean water. Rubber hose, 
approximately 3 feet long, attached to faucet 
by means of tapered connection. Supporting 
frame made of stainless steel. In use takes 
one· third space of tray ; not in use, folds 
flat. Available in two sizes : 8 by 10 inches 
and 11 by 14 inches. Size 8 by 10 accommo· 
dates fifteen prints this size, or equivalent 
area of smaller prints. Size 11 by 14 takes 
15 prints this size, thirty 8 by 10, and so on. 

SUPERFLASH SUNLITE No. 2 :  Incorporates 
own daylight blue color·correction filter 

to change color temperature of light source 
to equivalent of bright sunlight. Its use 
with any regular daylight color film, indoors 
or outdoors, without a filter, said to produce 
natural color reproduction with all colors 
in their correct relation to each other. 

AGFA TEXTURE SCREENS, 5 by 7 inches, $1.50 
per screen or $6 for set of four, which 

also includes 8· by lO·inch border mask 
with 4lh· by 6lh·inch etching edge opening. 
Size 11 by 14 inches available separately at 
$4 each ; in sets of four $12.50 per set. 
Border mask for latter not available. 

KEL GREETING CARD KIT ($1 ) : Designed 
for producing greeting cards photo· 

graphically. Includes 12 different greetings : 
Christmas, New Years, Valentine's Day, 
Birthday, and so on. 

F·R HI,SPOT ($9.95) : Designed for all types 
of photographic lighting, especially 

portraiture, modeling, and natural color 
work. Small, compact. Features : finger.tip 
focusing from large to small spot ; heat dis· 
sipating fins ; perfect centering of filament 
in relation to reflector ; ample ventilation 
on all sides ; special 150·watt projection 
lamp rated 3200 degrees Kelvin (required 
for color photography) .  In conjunction with 
lamp announcement, makers add that new 
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With 5cm F/3.5 
Anastigmat Lens, 
Compor Shutter 

Regula rl, 
$40.00 

Nom� 
$!5 .00 

with 5cm 
Schneider Xenon 

F2 Lens, R. Com pur Shutter 

Regula rly 
$75.00 

Nom� 
$40.00 

(Prices Include Soft Pouch Case, 
Neck Strap and Cable Release) 
Don't rub your eyes ! • • •  you're 
seeing straight I . . .  and you're read· 
ing about a sensational value that 
you can't afford to miss. The famous 
PARVOLA "A" CAMERAS now 
offered to you at remarkable price 
reductions. Both cameras make 16 
pictures, 1 %" x 1 Y2" on one roll of 
vest pocket size film. Take advantage 
of these reductions without delay. 

LOMIMAX 
Enlarger 

Regular 
Price 

No U)� 
$27. 50 complete 
And you get a complete enlarger • • •  

there is nothing else to buy. 75 mm. 
F /4.5 anastigmat lens. Single con­
denser optical system. 60·watt G. E. 
bulb. Interchangeable opal bulb for 
hard negatives. Red filter. Takes nega· 
tives up to 2 '/4 "  X 2 1,4". Hurry • • •  

only a limited quantity at this amaz­
ingly low price. 

See your dealer, or 'Write for details. 

H E N R Y H E R B E R T 
4 8 3 - 4 8 5  F i f t h  Ave n u e, N e w  York,  N. Y. 
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group Is typleal of complete selection of new and used camera. va.lues a.lwa.ys in stock. Six '16 Kodak Sr. F4 .S Compur --22.50 
2 11z x4 1/. A g i o  F4 . 5  

Mgus A F4.S lens 56.50 Argus AI F4. S_9.50 Perlex 44 F2.B-29.50 Argus C F3.5_14.00 35mm W i r g i n  f 4 . 5  Compur ___ 15.00 Kodak 35 K.A. F3.S 
_____ 22.50 Robot I Tessar F2. 8 .  case 72.50 Robot II  T essar F3.5 
• _____ 87.50 Z eiss Te n a x  I f 3 . 5 .  case 42.50 Dollina III F2.9 Com· pur 45.00 A n s c o  Memo ( n ew mode l )  F4.5 lens_17.50 Leica G Summar F2. 
case 129.50 C o n t a x  I I I  S o n n o r  FI .S.  case _185.00 Contoflex Sonnar f l . S  

c as e  ___ 185.00 

2 '1, x 3 '/, Certix F4 . S  Compur ---519.50 �I���� 1fr4�soip������er 
. _ ____ 15.00 Six 20 Koda!: Special F4.S Supermatic 27.50 
2 1/. x 3 1/, B a l d o  H u g o  Meyer F3.e C.-2I.00 21/. x 311. learette C.Z. F4.S Com pur _18.00 

Compur ___ 19.00 
�'�s��'/h�°l:?h��;O 
31/,x4 1/. Zeiss Nixe A - C.Z. F4.S C. _39.50 No. 3 Kodak Special n.s Kodamatic 19.50 3A Kodak Special' F4.5 Kodamatic --22.50 3A Autograph. Kodak F6. 3  lIex shutter 12.00 

I�}l.! �  
National Grallex Series I F3.S-f37.50 National Grallex Series II  F3.5_49.50 N i ght Exakta F 1 . 9 .  case ____ 97.50 
21/,x21/, Autollex F2. 9  Com pur ___ 49.50 21/i-x3 1/, Zeiss Mirollex C . Z. F4.S __ 59.50 Exakta A Tessar F2.B 

""2'""1/,
-x"'3 1/.";',-::R:-:. B::-.-::G,....rali':�sg and L F4.5 __ 39.50 

31/,x4 1/. A.B. Series C Grallex n.s _89.50 3A Roll Film Granex. no lens ___ 7.50 
3 1/, x 4 1/. R . B .  A u t o  Grallex, n o  lens 45.00 

S C I E N T I F I C  A M E R I C A N  

booklet on photographic lighting, "Third 
Dimensional Portraiture - How to Get It," 
by John Hutchins, A.R.P.S., is available 
on request. 

MINI·FLASH FLASHGUN ($12.50) : Com· 
pact flashgun featuring folding reflector, 

aplanatic type. Reflector of adjustable type 
made of eight sections folding together, 
fan·like, when synchronizer not in use. Will 
not throw "spot" of light. Uses "fountain· 
pen" type flashlight batteries. Synchronizer 
may be used on any camera. Shutter·trip. 
ping and bulb· flashing mechanism entirely 
mechanical. May be attached to camera by 
means of "shoe" or directly on tripod socket, 
connection for which is furnished with each 
gun. 

RAYGRAM PRINT PRESS ($1.95 to $3.95, de· 
pending on size) : Made in three sizes, 

5 by 7, 8 by 10, and 11 by 14 inches. Dries 
prints evenly, eliminates buckling of heavy· 
weight papers, prevents blisters and uneven 
contraction of emulsion. Made of laminated 
hardwood, reinforced. End grain panels 
protected with plated strips of metal. Entire 
unit waterproof. 

KEMP ADJUSTABLE PRINT WASHER ($1.50 ) : 
Designed on scientific principles for 

thorough print or negative washing. Con· 
stantly replaces hypo.laden water drawn off 
from bottom. Equipped with three·foot 
hose easily attached to faucet and held 
securely to bottom of sink by vacuum cup, 
creating gentle whirlpool action, keeping 
prints apart. 

AGFA EVEREADY TRIPOD CASE ($1.75 ) : 
Eveready.type carrying case for use 

with No. 1 and 2 Agfa metal tripods. Per· 
mits use of tripod without removing en· 
tirely from case. Case made of selected top 
grain leather provided with slide fastener 
closing device. 

BESBEE TITLE SET ($5.50 ) : Letters made 
of new kind of plastic. Will not chip, 

crack, or break. Pressure molded into clear· 
cut outlines. Set comes in special, grooved 
panel case, providing compact storage. Be· 
cause of thickness, letters cast striking 
shadow effects. Can be cleaned as often 
as desired. Set comes in white, black, or 
red. 

F·R CUT.FILM,PACK DEVELOPING TANK : 
Reduced from $9.95 to $5.95 owing to 

"many new factory developments and in· 
creased facilities for manufacturing." 

SUPER ELECTROPHOT ($14.50) : Photo·electric 
exposure meter made entirely of Ameri· 

can materials, including photo cell. For 
universal use, movies and stills, all black· 
and·white and color films. Quick readings 
by finger·tip conversion for all conditions. 
Vibration·tested before leaving factory. 
Readings in both Weston and Scheiner rat· 
ings. Enclosed in black Bakelite case, with 
silk carrying cord attached. Imitation 
morocco leather case. 

FOTOCRAFT DOUBLE PRINT ROLLER (75 
cents ) : Double roller wipes surface of 

paper and eliminates air bubbles, insuring 
positive contact with squeegee plate. Made 
of sulfur· free rubber, mounted on water· 
proof, non·shrinking wood dowels. 
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Profitable 
Photography 

with the 
Miniature Camera 

By Edwin C. Buxbaum, A.R.P.S. 

BESIDES having a consider. 
able amount of fun with the 

miniature camera, making trick 
"shots," art photographs, and the 
like, you can also use it for spe· 
cial paying work. This little paper· 
bound booklet of 72 pages tells 
not only how to make interesting 
photographs that are salable to 
news agencies or magazines but 
also gives many clues to the very 
large number of types of photo. 
graphs that can be sold. For those 
who wish to mix profit with pleas. 
ure this booklet should prove most 
helpful. - $1.10 postpaid. 

For sale by 

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

"Make Money 
With 

Your Camera " 
Photo-Markets 

This 1 44-page book 
tells what to "shoot," 
how and where. Gives 
directions for submit­
ting photographs to  
magazines. Lists hun­
dreds of markets for 
photographs, together 
with the types most 
suitable for each. 

Eighth Edition 
Revised-U p.To.Date 
50 Cents, Postpaid 

SCIENTIFIC AMERICAN 
24 West 40th Street New York City 
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JACOB DESCHIN, conductor of our "Camera Angles" department, will 
answer in these columns questions of general interest to amateur photog­
raphers. If an answer is desired by mail, enclose a stamped, addressed 
envelope. Queries should be specific, but Mr. Deschin cannot undertake 
to draw comparisons between manufactured products nor to advise on 
the purchase of equipment or materials.-The Editor. 

Q. I have a • • •  caInera and the reg­
ular • . .  Photoflash attachInent, but I 
have had trouble froIn the start with 
the flash equipInent. I aIn using Wa­
bash Press 40,000 bulbs, speeds of 1 /50 
and 1 /100 of a second, at about f /5.6 
andf /8. My pictures lack detail Inost­
ly in faces and are also lighter on one 
lIide than the other, as you can see by 
the enclosed pictures. What aIn I do­
ing wrong? Incorrect flash laInp, tiIne, 
or lens opening? My caInera has a 
focal plane shutter. What do you ad­
vise?-A. D. 

A. From the looks of your prints, we 
would say that, for one thing, all of them 
are completely out of focus. Secondly, the 
bulb you are using is not recommended 
for focal plane shutters ; you should use the 
No. 2, which has a longer "peak light" to 
allow ample time for the focal plane shutter 
to slide across the film while the light is 
at its peak. The lack of detail in the faces 
is due both to over-exposure and poor focus­
ing ; the uneven density of the negative is 
probably due to the wrong type of bulb. 
Use the No. 2 and if you still have this lat­
ter fault, return the camera to your dealer 
and have him check it. 

Q. Out here on the desert I aIn con­
stantly being "fooled" by the light, 
over-exposing negatives. Then I think 
I Inust be over-developing theIn for 
they are extreInely dense. To illus­
trate : My printer has 160 watts of 
light within three inches of the print­
ing fraIne and with average negatives 
I expose the paper frOID two to eight 
seconds, yet with these dense nega­
tives I lDust expose theIn for two or 
three Ininutes before even a faint 
print is obtained_ Is there any process 
by which I can reduce the density of 
these negatives?-C. S.,  Jr. 

A. For reducing over-exposed negatives, 
the following two formulas are generally 
recommended : 

Permanganate Reducer 
Stock Solution A 

Water ...... . . . . ... . . . . . . . . . ... . . . . . . . . . . . . ... .. 32 ounces 
Potassium Permanganate ...... I%, ounces 

Stock Solution B 
Water . . . . . . . . . . . . . . . . . . . . . . . ....... . ... . . ... ... 32 ounces 
Sulfuric Acid, C.P. (add acid 

to water) . . . . . . . . . . . . . . . . . . . . . . . . . .  1 fluid ounce 
For use take 1 dram (4 cc. ) A, 2 drams 

(8 cc.) B, and 8 ounces (250 cc. ) water. 

When negative has been reduced, place in 
fresh acid fixing bath for few minutes until 
yellow stain disappears ; then wash. 

Farmer's Reducer 
Stock Solution A 

Water . . . . . . . . . . . . .. . ........ . . .. ... . . .. . . ... . .. 16 ounces 
Potassium Ferricyanide ( Red 

Prussiate ) . . .. .. . .. . .... ...... ... .. . .. 114 ounces 
Stock Solution B 

Water . . . . . . . . . . . . . . . ........................... 64 0unces 
Hypo . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  16 ounces 
When ready to use, add 1 ounce of A to 

4 ounces of B ;  then add 32 ounces water. 
Pour over negative and watch progress. 

For correcting over-developed 
the following is recommended : 

Proportional Reducer 
Stock Solution A 

Water . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . .. . .. ... 32 ounces 
Potassium Permanganate .... . . . . .. 4 grains 
Sulfuric Acid ( 100/0 

solution) . . . . . . ...... . ........... ¥.! fluid ounce 
Stock Solution B 

Water . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . ... 96 ounces 
Ammonium Persulfate . . . . . . . . . . . .  3 ounces 
For use, take 1 part of A to 3 parts of 

B. After reduction, clear in 1 percent solu­
tion sodium bisulfite. Wash thoroughly. 
To make 10 percent solution sulfuric acid, 
add 1 part acid to 9 parts water while 
stirring. 

Before treating negatives to any type of 
reducer, negatives must be thoroughly 
washed free of hypo and if allowed to dry 
should be immersed in water until limp. 

Q. Will you kindly tell IDe what is 
the approxiInate aInount of silver on 
a thousand feet of 35InIn filIn, un­
used?-H. A. S. 

A. About an ounce of silver is used in 
the emulsion on a thousand feet of this size 
film, the exact amount varying with the 
different emulsion formulas. 

Q. l aIn contelDplating building or 
purchasing an enlarger and want to 
use in it the lens froIn Iny caInera_ 
Would the light froIn the enlarger 
daInage the lens?-C. L. H. 

A. If a normal enlarging bulb is used 
in the enlarger and there is provision for 
proper ventilation, your camera lens may 
safely be used in the enlarger. As a matter 
of fact, this is a regular practice with sev­
eral well-known makes of cameras, the 
lenses of which are generally used inter­
changeably on both camera and enlarger. 
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"A W HE NEVER MISSES 
SINCE HE GOT THAT 
F-R RANGE FINDER." 
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OUR BOOK CORNER 
THE Book Department of Sci-

entific AJuerican is conducted, 
with the co-operation of the 
Editors, to make available for you a 
comprehensive book service. Each 
month the Editors select and review in 
these columns new books in a wide 
range of scientific and technical fields. 
In addition, they are ready at all times 
to advise you regarding the best avail-

SUPERSONICS 

By R. W. Wood, Prof. Experimental Physics, 
Johns Hopkins University 

W
OOD, a noted physicist who is also 
part inventor and who has done much 

original research on supersonics, has com· 
pacted into this small volume a great deal 
of data on the science of inaudible sounds 
in their every aspect, both .physical and 
biological. The organized bibliography at 
the end contains date and page reference 
to all the important original articles on 
the same fascinating subject, published in 
technical and scientific journals in past 
years. ( 158 pages, 4%, by 5% inches, 42 
illustrations. ) -$2.10 postpaid.-A. G. I. 

HAWKS IN THE HAND 

By Frank and John Craighead 

BEGINNING with their youthful experi­
ences in the capture, training, and 

photography of various species of hawks, 
owls, ravens, ospreys, falcons, and eagles, 
the co-authors lead the reader through a 
series of thrilling and interesting adventures 
in photography and falconry, all told with 
a simple, invigorating freshness. (290 pages, 
5% by 814 inches, 57 illustrations.} -$3.60 
postpaid.-A.D.R., IV. 

THE VICTORY OF TELEVISION 

By Philip Kerby 

ARUNNING story of television develop­
ments, stripped of technical terms, 

that will bring the reader up to the present 
day, is presented in this book. The author 
makes little attempt to explain the funda­
mental theories underlying television trans­
mission and research but rather stresses 
television as a means of communication and 
entertainment. Concluding chapters deal 
with the vital questions of who will pay for 
television services and what we may expect 
of television in the near future. ( 120 pages, 
5% by 8 inches, a few illustrations. } -$1.10 
postpaid.-A. P. P. 

GROWING PLANTS WITHOUT SOIL 

By D. R. Matlin 

FOR the professional grower as well as 
the amateur, this new volume not only 

gives full details of plant chemiculture 
but also discussions of proper plant environ­
ment ; how to make cuttings ; root-growing 
substances, or hormones and auxins ; bud­
ding and grafting ; construction and opera-

able books on any subject. You 
are invited to use this service 
freely. Tell our Book Depart­

ment what kind of books you want 
and you will be furnished with a list of 
available titles, including prices. When 
inquiring about books, please be 
specific ; remember that we can be of 
the greatest help only when you tell 
us just what you are looking for. 

tion of greenhouses ; symptoms of plant 
food deficiency and excess ; what to plant 
in various types of environment ; flower, 
bulb, and vegetable planting calendars ; in­
sects and their control ; and many other 
related subjects. The author draws on his 
experience as a professor of plant chemicul­
ture, and makes a valuable contribution to 
the slowly growing literature on this sub­
ject. ( 137 pages, 5% by 8% inches, illus­
trated. } -$2.10 postpaid.-F. D. M. 

GROWING PLANTS IN NUTRIENT 
SOLUTIONS 

By Wayne I. Turner and Victor M. Henry 

RATHER more technical than the vol­
ume reviewed above, this study also 

gives complete instructions for making the 
equipment and mixing the solutions for 
hydroponics and for growing many different 
kinds of plants without soil. These authors, 
however, go into such deeper phases of the 
subject as the chemistry and mathematics 
of nutrient solutions, sources of chemicals, 
analysis of chemicals, technique of the ni­
trogen-potassium balance, fundamentals of 
plant physiology, and the like. This volume 
is for the grower who is not afraid of a little 
chemistry or for the chemist who wishes 
to become a grower. ( 154 pages, 6 by 914 
inches, illustrations include several color 
plates. } -$3.10 postpaid.-F. D. M. 

DISCOVERY OF THE ELEMENTS 

By Mary Elvira Weeks, Assoc. Prof. of 
Chem., Univ. of Kansas 

ONE by one the author takes up the 
separate chemical elements and weaves 

around each a tale of its history, the per­
sonalities surrounding its discovery, and 
factual data about the elements themselves. 
Yet this is no ephemeral story book but is 
a standard reference work for the profes­
sional or student chemist, now in its fourth 
edition. Authentic, sound science. After 
the discussion of each element there is a 
long list of references to further scientific 
literature. (470 pages, 6 by 914 inches, 
richly illustrated. ) - $3.60 postpaid. -

A. G. I. 

A DIGEST OF THE BIBLE 

Arranged and edited by Peter V. Ross 

MILLIONS who wish they knew the 
main trends of the Bible never get 

around to reading it through, because the 
task seems so formidable. The great length, 
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the extensive detail, the largely obsolete 
English and confusing typography with its 
cluttered up arrangement, together provide 
high hurdles over which many stumble, 
bog down, and give up. Versions nowadays 
available largely surmouut the obstacles of 
obsolete language and confusing typography 
but leave the length at about 800,000 words, 
so that the reader, unless willing to make 
a protracted study, can scarcely see the 
woods for the trees ; he may call for a 
more rapid preliminary reading facility. 
That is what this digest provides. It is 
not a Bible "story" but is made up almost 
wholly of well-selected extracts from the 
original language of the King James ver­
sion, skilfully pieced together to make a 
continuous whole about one tenth the length 
of the original. (293 pages, 6 by 91,4 
inches. } -$2.85 postpaid.-A. G. I. 

PRACTICAL MECHANICS HANDBOOK 

By F. J. Camm 

WTHILE this particular volume is pre­
W pared especially for the mechanic and 

engineer, it will also appeal widely to the 
average home craftsman who has gone a 
bit beyond the stage of making simple foot­
stools and whatnot shelves. Here are cov­
ered such practical subjects as blue prints 
and how to use them ; use and care of vari­
ous tools, ranging from drills and files to 
lathe equipment ; soldering of various 
metals ; riveting ; hardening and tempering ;  
rust-proofing ; and so on. A large number 
of tabulations contain standard data in 
compact form. (400 pages, 5% by 8 inches, 
379 illustrations.} -$3.10 postpaid.­
A. P. P. 

MAKE YOUR OWN MOVIES 

By Arthur Gale and King Pessels 

O>WNERS of amateur motion picture 
cameras, regardless of their past ex­

perience, will find here a wealth of practical 
information on not only the various as­
pects of photography but also what to do 
before taking pictures and how to prepare 
the finished film for interesting projection. 
Includes : how to splice and edit ; when to 
use filters ; accessory lenses ; how to prepare 
scenarios ; how to write and photograph 
titles ; and how to lend the professional 
touch to your amateur movies. (230 pages, 
6 by 8 inches, well illustrated. } -$3.60 
postpaid.-A. P. P. 

100 PACKAGING CASE HISTORIES 

Compiled by Albert Q. Maisel 

MANUFACTURERS have learned in re­
cent years that the package in which a 

product is wrapped and displayed for sale 
very often makes all the difference be­
tween success and failure of the product. 
So conclusive has been the evidence on 

ffWe can supply our readers with any 
'\ of the books reviewed in this de­
partment. Prices quoted include do­
mestic postage. Foreign prices are 
necessarily higher due to increased 
shipping charges. 

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

FOR OTHER BOOKS YOU WANT. SEE PAGES 168 AND 180 
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that score that serious attention has been 
given to large numbers of packaging prob­
lems which, when solved, have boosted the 
sales of many well-known products. This 
volume tells the story, in word and picture, 
of exactly 100 such cases, each case history 
giving data on the product, on the old and 
the new package, plant changes that were 
necessary, and sales increases achieved as 
a result of the improvement in the pack­
age. (223 pages, 9 by 6 inches, about 200 
illustrations. ) -$2.10 postpaid.-F. D. M. 

PHOTOGRAPHY BY INFRARED 

By Walter Clark, Ph.D., F.I.C., F.R.P.S. 

ADVANCED amateur photographers have 
.tl. often expressed interest in photogra­
phy by infrared but have, in the past, been 
at a loss as to where to find really accurate 
technical information that would permit 
them to do this type of work with a mini­
mum of failure. Now the information is 
available in one compact volume, written 
by an authority in the field, which delves 
deeply into the technical aspects of the sub­
ject and gives the background which is so 
necessary for satisfactory work. The chap­
ters cover such phases as general practice, 
darkroom practice, characteristics of ma­
terials, sensitizing for infrared, sources of 
infrared, applications of infrared photogra­
phy, penetration through fog and haze, and 
so on. (397 pages, 6% by 9% inches, iI­
lustrated. ) -$5.10 postpaid.-A. P. P. 

WHY WORK? 

By Roger Payne, A .B., L.L.B. 

A N analysis, and a sane one, of our waste­
.tl. ful economic system which renders 
it ( apparently) necessary for us to work 
six days a week when, with possible organi­
zation and helped by our machines, we 
would get the necessary work done in one 
day and have the other six in which to live. 
The author, a graduate of Cambridge Uni­
versity, became a hobo, a sort of modern 
Diogenes, to prove that 50 days' work per 
year will support a man if he is willing to 
reduce his wants to somewhere near his 
needs. He also discusses ways of becom­
ing independent of daily slavery by differ­
ent kinds of specialized farming such as 
flower and nut growing. Wastes in human 
affairs occupies a large part of this book. 
(404 pages, 514 by 8 inches, one illustra­
tion.) -$2.60 postpaid.-A. G. I. 

ALL SEASONS AFIELD WITH ROD 
AND GUN 

By Raymond R. Camp 

THE author has drawn from the experi. 
ences of a busy life spent in the woods, 

the fields, the streams, and on salt water, 
seeking and finding fishing and hunting, 
to produce a volume which should be the de­
light of every sportsman. His many years 
as "Rod and Gun" editor of The New York 
Times have given him the literary back­
ground and the technique to present the 
answers to the ever-present question of 
when, where, and how to hunt and fish, 
what equipment is actually needed and 
how to select it, how and where to find 
activity in these sports throughout the year. 
For novice or expert this book will be a wel­
come addition to the library. (352 pages, 
5% by 9 inches, 20 half-tones, 75 line draw­
ings. ) -$3.60 postpaid.-A.D.R., IV. 
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The Editors Recommend 
Best 
Sellers 
in Science 
1 SOILLESS GROWTH OF 

o PLANTS-By Carle.on Ellis 
ond Ma'on W. Swaney. Complete 
information, popularly presented, 
regarding the problems and dif­
ficulties of tank farming. Form­
ulas for chemicals and instruc· 
tions for preparing tanks and 
other containers are given. Rec· 
ommended to both experimenters 
and commercial growers. $2.85 

2 PROCEDURES IN EXPERI • 
o MENTAL PHYSICS _ By 

lohn S.rong, Ph.D. With four 
other scientists, Dr. Strong has as­
sembled a wealth of useful data 
of a wholly practical kind for the 
constructor, experimenter, and 
skilled craftsman. Many lucid il-
lustrations. $5.10 

3 SCIENCE EXPERIENCES 
o WITH HOME EQUIPMENT 

-By C. I. Lynde. A book of 200 
simple home tricks based on 
physical laws, each experiment 
being illustrated and its princi­
ple explained. $1.45 

4 S C I E N C E  F O R  T H E  
• WORLD O F  TOMORROW 

-By Gerald Wendt. A dynam­
ic, popular evaluation of science 
as a controlling force in ma.n's 
destiny. Why we live as we do, 
and what the future has in store. $2.85 
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MOVEMENTS-By Thomas Wal­
ler Barber. Working drawings 
of practically every conceivable 
movement, device, appliance, and 
contrivance employed in the de· 
sign and construction of ma� 
chinery for every purpose. N ear­lY 3000 illustrations. $4.35 

6 THE PROPERTIES OF 
• GLASS - By George W. 

Morey. Scholarly, exhaustive 
volume for glass men and tech­
nicians. Covers all phases of 
the subject. $12.60 

7 OH DOCTOR I MY FEET I­
o By Dudley I. Morton, M.D. 

Help for foot sufferers. Scien­
tific treatment which makes pos­
sible discarding of arch supports 
and special shoes and stopping of 
exercises. $1.60 

8 YOU'RE THE DOCTOR--By 
• Victor Hener. Chatty, rem­

iniscent, anecdotal book on foods 
and how they affect us. Com­
mon-sense health information. 

$2.60 

9. g���lE
O�l},y IJ!l: .J: 

King. Common sense about hair, 
its care and diseases. Debunks 
false notions, fads. $2.10 

10 H O W  T O  T H I N K  
• STRAIGIIT-By Robert H. TlwulesJI. A book that will 

definitely clarify your thinking 
and show you the argumenta­tive tricks of others. $2.10 

The above prices are post­
paid in the United States. 
Add, on foreign orders, 25c 
for postage on each book. 

11 MACHINERY'S HAND-
o BOOK-Tenth Edition. 

"Bible of the mechanical indus· 
try," enlarged to 1 8 1 5  pages of 
latest standards, data, and in· 
formation required daily in the 
shop and drafting room. $6.10 

12 ARC WELDING IN DE­
o SIGN, MANUFACTURE 

AND CONSTRUCTION-Edited 
by lames F. Llneol .. A.rc Weld_ 
ing Founda.ion. Actual (prize) 
solutions of arc welding prob­
lems in the field. About welding 
for welders. $1.50 in United 
States; $2.00 elsewhere. 

13 MEN. MIRRORS AND 
o STARS-By G. Edward 

Pendray_ New edition of a very 
popular book. Chief addition is 
a chapter on the 200-inch tele­
scope. $3.10 

14 ATOMIC ARTILLERY-
• By/ohn KellockRobertson. 

Electrons, protons, positrons, 
photons, neutrons, and cosmic 
rays in plain language. Also 
transmutation of the elements 
and manufacture of artificial 
radioactivity. $2.35 

15 J A N E ' S  FIGHTING 
• SHIPS, 1939. Latest edi­

tion of a world-famed London 
authority on all world navies. 
Discussions, data, photographs. 
silhouettes, details of construc­
tion. A "must" reference for all 
with naval interests. $22.50 

16 THE MYSTERIOUS UNI· 
o VERSE-By Sir lame. 

leans. Covers a remarkably 
broad territory. touching on ev­
erything new In modern physics, 
astrophysics, and cosmology. 
Many men of science now are 
leaning toward a non-material­
istic interpretation of the uni­
verse and Jeans is one of these. 
-(Formerly $2.40.) Now $1.10 

(Revised List) 
23 SUNDIALS-By R. Ne""on 

• and M argare' L. Mayall. 
'rhe best book on sundials. A 
practical work by a landscape 
architect and a professional as­
tronomer. Illustrated. $2.10 

24 A MARRIAGE MANUAL­
• By Hannah. M. Stone, M.D., 

and Abraham Stone, M.D. A 
practical guide to sex and mar­
riage, covering fitness for mar­
riage, mechanism of reproduc .. 
tion, prevention of conception, 
and SImilar vital subjects. An· 
swers questions most often asked 
these authors by their consult­
ants. $2.60 

25 THE GLASS GIANT OF 
• PALOMAR-By David O. 

Woodbury_ Most readable story 
o f  human side of behind-the­
scenes work on the great 200-
inch telescope. Swiftly moving 
narrative begins with concep­
tion of telescope and proceeds 
steadily down throu gh work in 1939.  Authentic, largely about 
people, plus engineering. $3.10 
26 SCIENTIFIC METHOD­

• By F. W. Westaway. An 
omnibus of the scientific method 
for those who wish to learn to 
think straight. Clearly written for 
the serious person who, after read .. 
ing it, will feel that his thinking 
processes have been melted down 
and recast. $3.85 

27 0 ��� S���J���t:E�� 
FORMULAS-By A. A. Hopkins. 
A standard reference volume of 
more than 1 5,000 formulas. In­
dispensable in the laboratory, 
workshop, home. $5.50 

28 H A NDB O O K  F O R  • MODEL RAILROADERS 
-By W. K. Walthers. AU phases 
of model railroading are cov .. 
ered by this improved and en­
larged secon d  edition. � cloth 
$1 .60 ; paper $1.10 • 

17 PLASTICS. PROBLEMS AND PROCESSES-By Dale 
• E. Mansperger and Carson W. Pepper. For hobbyists 

and experimenters, this volume gives a large number of de­
tailed plans and instructions for making all kinds of useful 
and ornamental articles from tubes, rods, sheets, and blocks of plastics. $2.70 

18 MOLDING AND CASTING-By Carl Dame Clark.. 
• Use of wax, plaster, sulfur and other materials in 

casting. For craftsmen, criminologists, dentists, artists, etc.. $4.60 
19 HOUSE CONSTRUCTION DETAILS- Compiled 

• By Nelson L. Burbank_ For architects, contractors. 
builders. Practically ever y conceivable house construction 
detail in drawings, photographs, discussion. Has a Shop­crafter's Corner. $3.10 
20 THE HANl?Y MAN'S HANDBOOK-By C. T_ Schae/er_ 

o Fourth edItion of a very popular book-a practical 
manual on the use of tools and how to do all sorts of odd 
jobs around the home. $1.10 

21 THE ROMANCE OF AS­
o TRONOMY-By Florence 

A.. Grondal. 'rhe author writes 
·for the average reader who would 
like to know more about the 
stars and the planets. Her book 
brings to life the facts of astron­
omy through picture and story. 
Illustrated with striking photo­
graphs and diagrams.-(Former­
ly $ 5.00.) $1.85 

22 SNAKES OF THE WORLD 
• -By Raymond L. Ditmars. 

Probably the most readable, at­
tractive and extensive discussion 
of the subject yet offered to the 
general reader. It discusses the 
more than 2000 different kinds of 
snakes. Superb illustrations.­
(Formerly $6.00.) $2.10 

29 THE COSMETIC FORMU. 
o LARY-By H. Bennett. 

Creams, lotions, skin and hair 
tonics, permanent wave solutions, 
lipsticks, everything for the 
beauty parlor. $3.85 

30 WHAT SNAKE IS THAT? 
• - By Roger Conant Gnd 

William Bridges. Description of U. S. snakes with numerouS 
drawings o f  scales, head strue .. 
ture, body markings. Includes a 
treatment for snake bites. $2.10 

Write us for information on 
books on any subject which 
interests you. We can .apply 
any book in print. 
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� T E L E S C O P T I C S  �. 
A Monthly Department for the Amateur Telescope Maker 

Conducted by A L B E R T  G .  I N G A L L S  

TESTED blueprints - give us tested 
blueprints else we perish - was the 

burden of several frantic letters recently 
received by this department from a single 
individual. Amateur telescope makers, these 
letters urged, should do their work from 
tested blueprints. Yet tested blueprints 
didn't seem to be available, so something's 
wrong. 

Figure 1 :  Simpson's double-ender 

If amateur telescope makers were the 
kind who craved tested blueprints and 
wanted to copy some standard model, even 
if it might be a bit better, something really 
would be wrong. Instead, they mainly pre­
fer to learn the working principles of a 
telescope and then cook up their own con­
crete expression of them. The result has 
been an almost infinite and endlessly in­
teresting variety of telescopes, no two alike. 
This freedom to deviate from a set standard 
irks some types of men. 

Below are a few more of the infinite 
variety of telescopes, each one of which 
gave its maker some fun, not alone in mak· 
ing but in planning ; and after all, isn't fun 
the chief commodity sought when a man 
decides to make a telescope ? 

CHIEF feature of the instrument shown 
in Figure 1 is the combination on one 

axis of an 8" //4.5 Newtonian RFT, the 
lower telescope, for star fields, and a 12�" 
Cassegrainian, the upper one, for lunar and 
planetary observation ; that is, one telescope 
for broad, general views and the other for 
restricted, particular views. Incidentally, 
this arrangement on one axis brings both 
eyepieces to about the right height for 
comfort. The maker is J. F. Simpson, a 
medical and X-ray technician, Garrison 
General Hospital, Gastonia, N.C. He states 
that, in place of the two forks, he believes 
a perhaps better mounting would be a long, 
heavy double yoke, with the two tubes 
mounted in tandem within this same simple 
yoke. He also plans to substitute a 12�" 
//5 RFT for the present 8" RFT, and to 
add a motor drive, so that obj ects will not 
move out of the field when the user steps 
away to permit a visitor to look-one of the 
annoyances of showing the stars to the 
totally inexperienced. 

1116 

TIKE the telescopes themselves, housings 
L for them afford an infinite opportunity 
for the maker's desire for variety. Figure 2 
is a housing of the dome type made by 
Edison T. Schaefer, Schulenburg, Tex. The 
concrete pier on which the telescope rests 
is visible in the photograph, within the 
wooden fabrication which supports the floor, 
walls, and dome. The latter has a 30" slot_ 

The telescope within (Figure 3 )  is a 
10" , /17.6 of the Springfield type and Schae­
fer describes it as follows : 

"It is controlled by means of three electric 
motors ; note the switchboard (Figure 3 ) . 
The declination motor is turned on by one 
switch and reversed by another. It turns 
at 5000 r.p.m. and is geared down to 230, 
also two slower speeds, by means of a 500-
ohm resistor and two push-button switches. 
The R.A. motor is the same as the declina­
tion motor and is hooked up to drive forward 
or backward at three different speeds. Maxi­
mum speed, 180· in two minutes. For 
sidereal time a third identical motor is used 
with rheostat control. This gives sufficient 
accuracy for photographing the Moon." 

, 
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Figure 2: Schaefer's observatory 

IN transmitting the photograph shown in 
Figure 4, Raul J. Fajardo, Aguilera alta 

27, Santiago de Cuba, Cuba, states that he 
wanted an ordinary astronomical telescope 
plus equipment for measuring position 
angles of celestial objects, determining geo­
graphical coordinates, and so on. On the 
eyepiece end of the tube, which rotates, is  a 
circle divided down to 5· spaces and op­
posite on the fixed tube is a vernier. Inside 
is a reticle in the eyepiece, made of 
threads. The whole is fairly simple and, 
while it splits no small hairs, it does what 
it was built to do. 

"To illuminate the reticle a flash-lamp 
bulb in front of a diaphragm near the mid­
dle of the tube throws light forward, some 
of which is reflected back from the back 

face of the objective lens, resulting in a 
perfectly even, yellow illumination of the 
field of view and of the micrometer, against 
which the stars stand clearly (The accuracy 
of this telescope is not so great as to make 
one consider the lamp's heating effect ) . 

"I have many times found the latitude 
of my town by the zenith method, also the 
longitude by means of the Greenwich time 
transmitted by radio from London. In de­
termining the latitude by the zenith method 
I used B Cassiopeia and B Cetus which 
have zenith distances about the same in my 
latitude. For the latitude of Santiago de 
Cuba I found 20· l' 15" ± 30" which is in 
close agreement with the latitude found 
years ago by a commission from U. S. A. 
I have found that my telescope can work 
every time within an error limit of ± 30" 
in latitude and ± 12s. in longitude. With 
this instrument, which costs not over $15 in 
all, I have been able to practice many prob­
lems of astronomy and navigation." 

MORE about the Gaviola test : Recently 
your scribe, in corresponding with 

Cyril G. Wates, 7718 Jasper Ave., Edmon­
ton, Alta., Canada, said he wished someone 
would describe the new Gaviola test, al­
luded to in our last two numbers, in about 
eleven words of one syllable or less, and 
here is what Wates wrote in reply, with an 
interlarded comment by N. J. Schell, 1019 
Third Ave., Beaver Falls, Pa., and another 
by your scribe. 

"In the Gaviola test, an optical surface 
is regarded as being built up of a large 
number of small surfaces, each having 
about 1/25 ( for example )  the diameter of 
the whole mirror. A series of these small 
surfaces, each of which is regarded as sen· 
sibly spherical, is isolated by suitable masks 
(Figure 5, I ) , and the exact position of 
the center of curvature of each element is 
determined by a new and very accurate 
method. 

"In the case of a truly spherical mirror, 
the center of curvature of all elements is 
situated at one and the same point - the 
C of C of the whole mirror (Figure 5, II ) ,  
but in the case of a paraboloid (or any 

Figure 3: Schaefer and telescope 
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Figure 4 :  Fajardo's instrument 

other shaped surface) , the centers of curva­
ture of the elements do not coincide. In­
stead, they form a more or less irregular con· 
ic surface in space. A cross·section of this 
spatial surface is a curved line on either 
side of the axis, which Gaviola calls a caus· 
tic." [The envelope, or general shape, traced 
out by combining or linking up parts of 
the several reflected rays shown in the 
lower part of  the drawing on page 283 of 
"A.T.M." is 11 caustic. It looks like a big C, 
rather small at the top. It is true, this par· 
ticular caustic happens to be made by the 
envelope of parallel rays reflected by a 
sphere but if, instead, one were to use rays 
from a pinhole - that is, diverging rays -

I n 
Figure 5 :  In re Gaviola test 

and reflect them from the parabola in the 
upper part of the same drawing, one would 
get a caustic instead of the focus shown. 
The heart of Gaviola's test is that it is done 
along the caustic, and is therefore more 
nearly exact. Exactness in practice is a 
relative matter. Strictly speaking, our 
everyday assumption that our reflected rays 
come to foci along a straight line is not 
quite correct - though most of us will have 
to exhaust the full degree of exactness and 
skill contained by the old test before we 
venture into this more exalted realm of 
precision. Even if we never get there at 
all we shall, however, be curious to know 
what the test is all about, hence this little 
discussion.-Ed.] 

"By the application of suitable formulas, 
this caustic may be reduced to a graph of 
the actual surface of the mirror, either witli 
reference to a true sphere, or with reference 
to any one of a family of paraboloids, just 
as we do with the Foucault test, by placing 
the knife· edge at various positions, inside 
or outside of the mean center of curvature. 

"In Figure 5, I, is the surface of a mirror 
with a series of small isolated elements. In 
the Foucault test these elements or zones 
are measured directly on the axis in pairs, 
A, BB, ee, DD, and so on. In the Gaviola 
test they are measured individually, but 
along the caustic, and their relative dis· 
placement is thus determined. 

"In the Foucault test, with any non-
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TINSLEY LABORATORIES 
Supplies for the Amateur Telescope Maker 

Plate and Pyrex Kits ; Ramsden, Huygenian, Orthoscopic, and Solid Oculars ; 
Rack and Pinion Eyepiece Holders ; Prism or Diagonal Spider Systems ; Rough 
Cast Mirrors, Cells and Mountings ; Silvering and Aluminizing. 

Send 6 cents for large illustrated catalog 

Astronomical Telescopes and Equipment 
Portable and fixed instruments for private and professional observatories, both 
reflecting and refracting. Finished mirrors, lenses and mountings. 

Write for complete specifications and prices 

2035 ASHBY AVENUE BERKELEY, CALIFORNIA 

SHORTER POLISHING TIME 
Pierce's #6 Finishing Abrasive gives the best ground sur­
face we have seen in 20 years of experiment. It is much 
finer than "600 emery" and handles beautifully. Supplied 
with our kits or separately at 50c per ounce. 

"Richest Field" eyepieces, 1" field, %" eye apertures. 
1 .14 to 1 .28 efl. ( Specify ) .  Spiral focussing sleeve . .  $7.50 

Portable Mount with Pipe Tripod. Very rigid yet light. 
For 6" or smaller telescopes . . . . . . . . . . . . . . . . . . $10.00 

ALL INCLUSIVE TELESCOPE KITS. Proper glass, 
clean abrasives in tin boxes, including our new # 6, best 
rouge, real pitch, an EYEPIECE, an ALUMINIZED 
diagonal mirror, and COMPLETE INSTRUCTIONS. 
4" $4.00 6" . . . . . . . . . . . .  $6.00 
Without eyepiece or diagonal, 4" . . $3.00, 6" . . $5.00 

Free test of your Illirror. Write for catalogue of supplies. 

TWENTY YEARS OF EXPERIENCE TO HELP YOU 
John M. Pierce • II Harvard St. • Springfield, Verlllont 

Surface Hardened 
ALUMI N IZED 

Coatings 
are uniformly superior in reflectivity and im­
prove the performance of telescope mirrors, 
prisms, diagonals. camera mirrors, range 
finder mirrors and other optical front surface 
mirrors. 

These Surface Hardened Coatings are dur­
able and cohesive. They do not blister or peel 
and can be removed easily without repolish­
ing and refiguring mirror. 

Used in some of the largest observatories on 
mirrors which are famous throughout the 
world. Have your mirrors coated with the best. 

Prices : 4"-$1.75, 6"-$2.50, 8"-$3.50,  10"­
$5.00 and 12 Y,, "-$8.00. Up to 36" on request. 

LEROY M. E. CLAUSI NG 
720 Greenwood Ave. Wilmette, I II. 

KITS OUR SPECIALTY 
4" kit . . $  2.95 Pyrex . . .  (; 4.25 
6" kit . .  3.75 Pyrex . . .  5.50 

8" kit . .  6.75 Pyrex . . .  8.50 
10" kit . .  9.95 Pyrex . . . 13.95 
12" kit . .  14.75 Pyrex . . .  24.00 

Kits contain 2 glass discs, 8 grades of .bra.i .. e. 
( fewer do Dot insure an optically perfect surface) ,  
rouge, pitch or beeswax, and instructions. 

M oney·back guarantee that 
THESE KITS ARE SECOND TO NONB 

REGARDLESS OF PRICE 

PYREX MIRRORS 
Made to order, correctly figured, polished. and 
paraboli.ed. Predse workmanship guaranteed. 
Prices on request. 

WE DO POLISHING, PARABOLIZING, AND 
ALUMINIZING 

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

M. C H A LF I N ,  1425 Longfel low Ave., N ew York, N. Y. 

EVERYTHING FOR THE 

AMATEUR TELESCOPE MAKE R  
Precision Workmanship, Good Quality, 
Low Prices. Money Back Guarantee 

K I T S-O U R  S P E C I A LT Y  
4" $2.95 PYREX $4.00 
6" 3.75 PYREX 5.50 
8" 6.50 PYREX 8.00 

10" 9.75 PYREX 13.75 
OTH E R  S IZES P R O P O RT I O N ATELY LOW 

Each kit has 2 glass discs, correct thickness, tem­
pered pitch, rouge, 8 assorted abrasives (fewer may 
not give perfect optical surface) . instructions, etc. 
F R E E  ALU M I N I Z E D  D IA G O N A L  with each kit 
6" kit with book "Amateur Telescope Making" $6.%5 

ALUMINIZING t\ harder and brighter alUminum coating that 
produces a lasting and superior reflecting 
surface. Guaranteed not to peel or blister. 

6"-$2.50 8"-$3.50 10"-$5.00 

Other Sizes Proportionately Priced 

MIRRORS TESTED FREE OF CHARGE 

KELLIER EYEPIECES 
u. S. Government I" F. L. Kellner achromatie re­
modelled and fitted into our standard n�" brass 
cells. You should own one-no matter how many 
eyepieces you have. 
WORTH $8.00. SPECIAL PRICE . . . .  $4.00 

M I R RO RS, ALL S IZES, M A D E  TO O R D E R  
P R IS M S  - EYE P I ECES - ACCESSO R I ES 

FREE catalog Telescopes, Microscopes, Binoculars, 
etc. Instructions jor Telescope Makino, lOco 

PRECISION OPTICAL SUPPLY CO. 
1001 E. 163rd Street New York City 

BUILD A PRISMATIC REFRACTING TELESCOPE 
We will sell you raw glass and rough castings 
or finished prisms and lenses and machined 
castings or finished instruments. 

Write for free literature and prices. Blue Prints 
and Instructions Furnished. 

Also, Parabolized Pyrex Mirrors. 

ROBERT R. CARTER Z125 Spauldin'J' Ave. Berkeley, Calif. 

C. C. YOUNG 
Supplies for Amateur Telescope M akers. 

70 lb. Equatorial M ounting $35.00 
Write for new Catalogue 517 M a in St. East Hartford, Conn. 
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Cltraftamru K I T  5 
Materials and secret methods with dla.grams 

of strokes used by professionals 

The response to our ads in "Scientific American" 
proves we have tapped a fleld of amateurs who 
recognise quality. completeness, value. One man 
says : "After reading much on mirror making I 
thought it too technical and difficult for a raw 
beginner. But I don't regret having sent you $2 
for your step-by-step Instructions. They have 
given me confidence to go ahead . • .  " Anybody, 
even a school boy, who wants to make a fine 
quality reflecting telescope that will show thrilling 
Lunar and Planetary detail, and split or separate 
Binaries, can now make a superb mirror with 
utmost confidence. See Craftsmen ads in Dec., 
Jan., Feb. "Scientific American! '  

BEGINNER'S BARGAIN KITS 

6" Kit (with Craftsmen $2.00 Instructions) $3.65 
8" Kit (with Craftsmen $2.00 Instructions) $6.35 

Due to demand from beginners for an inexpen­
sive Kit to make a Mirror giving exceptional defi­
nition, we now ofter the "Jupiter Kit"-the big­
gest value regardless of price. Cash buying. low 
overhead and experience are the reasons. You get 
Craftsmen Step-by-Step Instructions; finest qual­
ity annealed rolled (not pressed) Mirror & Tool 
Discs of Correct ratio thickness with bevelled 
edges : 10 Cra.ftsmen, fast working abrasives, fin­
ishing Emeries and Rouge in metal containers : 
Pitch or Beeswax. Polished Diagonal . F.O.B. 
Ridgewood. Instructions without kit only $2. 
Craftsmen Telescopes, Ridgewood. N. J. P. O. 
Box 76. 

MANY STILL 
ARE NOT 

AWARE 
that there is a companion 

volume to II Amateur 
Telescope Making:' 

"Amateur 
Telescope 
Making -

Advanced" 
N OT merely a new edi­

tion of the book 
"Amateur Telescope Mak-
ing," but a wholly different 
work for owners of that 
beginners' book who have 
absorbed its contents. "Ama­
teur Telescope . Making ­
Advanced" has 5 7  chapters, 
6 5 0  pages, 3 5 9  illustrations 
and over 300,000 words, 
dealing with ad vanced mirror 
technic, fiat making, eyepiece 
work, drives, aluminizing, 
observatories and many other 
aspects of the optical hobby. 
Published 1 937 .  

"Amateur 
Telescope Making 

Advanced" 
Edited by 

Albert G. Ingalls 
Postpaid $3.00, domestic 

$3.35. foreign 
SCIENTIFIC AMERICAN 

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

S C I E N T I F I C  A M E R I C A N  

THE BEGINNER'S 
CORNER 

NOT alone some beginners but some 
others also appear to think that the 

best seeing, through the telescope, will be 
had when the stars look brightest and 
sharpest to the naked eye. It could be, but 
generally isn't. Some recorded oral com· 
ment by the widely known advanced ama­
teur observer, Dr. W. H. Steavenson of 
England, reprinted from the ever·interest­
ing Journal 0/ the British Astronomical 
Association, is instructive. 

"The word 'seeing' should be taken as 
referring merely to the quality of the tele· 
scopic image. Many beginners have the 
impression that bad seeing means every­
thing that was described by the late T. W. 
Webb as 'an impediment to distinct vision.' 

"I will deal first with the question of 
transparency, which is really quite distinct 
from the question of seeing. Transparency 
is, of course, primarily of importance to 
those who work on faint objects in towns, 
on account of scattered light. The inex­
perienced is apt to get a misleading im­
pression of the effect of a slight increase in 
transparency, since an extension of 0.3 
magnitude in the limit of visibility nearly 
doubles the number of stars to be seen. 

"I will now deal with the question of  
seeing proper, which means the definition 
of the telescopic image. It is often best 
under conditions of bad transparency. There 
are two possible sources of disturbance, the 
true atmospheric conditions, due to air 
currents at great heights, and local dis­
turbances low down, often in the tube of 
the telescope. These latter are the ones 

TELESCOPTICS 
(Continued from preceding page) 

spherical mirror, it is assumed that the C 
of C of any given pair of elements or zones 
occupies a position somewhere on the op­
tical axis of the mirror, but this is not 
absolutely true, as may be seen in Figure 
6, at III. 

"In the Foucault test, the knife·edge is 
made to cut the portion of the two cones 
of rays, common to both ( shown blacked 
out ) , and the operator tries to make the 
shadows reach the centers of the two zones 
simultaneously. This is made more difficult 
by the fact that the shadows move at differ­
ent speeds. 

"In the Gaviola test, the knife-edge is 
placed at A and B, these being the points 
at which each separate element, a and b, 
appears spherical, that is, darkens evenly all 
over. By means of very accurate microm· 
eters, the distances 2x and y are measured. 
The fact that this must be done with an 
accuracy of about 1 /20,000 of an inch makes 
the test unsuitable for most amateur work­
ers. But I have no doubt that someone will 
overcome this difficulty." [The test consists 
of measuring a lateral displacement smaller 
than the usual longitudinal displacement, 
but provides means for doing this with an 
accuracy 25 or more times better than was 
possible with the older method. Its useful­
ness over the older method applies particu­
larly to mirrors of focal ratio shorter than 
/ / 6. Very careful construction of tester, 
and very rigid supports, are required. 

MARCH · 1940 

which can often be avoided. The best way 
to find out where the trouble lies is to put 
a bright star out of focus, racking the eye­
piece out and using a high power. The out· 
of-focus image may often be seen crossed 
by parallel lines or streams moving with 
great speed. These are due to air currents 
at great altitude, often as high as 50,000 
feet. They are generally most evident just 
betore changes of weather begin, but they 
are consistent with quite calm conditions 
at sea-level. 

"At other times the focused image may 
be quite sharp, but it goes slowly in and 
out of focus. All slow changes mean dis­
turbances inside the telescope. There are 
two forms of these disturbances, mirror 
currents, which usually are only serious 
with large mirrors of twelve inches or over, 
and tube currents. Mirror currents, which 
consist of air currents in close contact with 
the surface of the mirror, show themselves 
in the out·of·focus image as wavy lines 
slowly creeping across the image in a direc­
tion at right angles to their length. Tube 
currents are much more common, and give 
rise to a series of vortices in the out-of­
focus image. It should be noticed that any 
disturbance far outside the tube is gener· 
ally rapid and is seen in the form of straight 
lines in the image. It is well to remember 
that refractors may also show tube currents, 
and the fact that they are not commonly 
recognized is due to the fact that large 
instruments of this type are not generally 
used under the same exposed conditions as 
reflectors of similar aperture." 

Beginners who want to go a bit deeper 
into these matters will find that a chapter 
entitled "Atmosphere, Telescope and Ob­
server," in "Amateur Telescope Making -
Advanced," companion volume to "Amateur 
Telescope Making," is instructive. 

Gaviola recommends masonry supports. As 
an indication of the values to be measured, 
with stationary light source, the y figure is 
approximately three times the familiar 
i' /R, and the 2x figure is approximately 
r' /R divided by the focal ratio. Both of 
these are, of course, to be taken from the 
mean of each zone under test.-N. J. Schell.] 

"Although the test as described can be 
done with the conventional knife-edge, 
Gaviola prefers to use a double knife-edge 
in the form of a thin wire. In his article in 
the November Journal 0/ the Optical Society 
0/ America, he describes three methods of 
observing the image of this wire, with and 
without an eyepiece, and comments that 
any of these methods is more sensitive than 
the accuracy of any micrometer screw. 

"Having measured x and y for all zones, 
these measurements are then applied to the 
formulas, and a graph drawn of the surface 
of the mirror, which may be done within 
less than 1 / 100 of a wavelength. 

"The surfaces of the zonal elements may 
(and do ) vary in two ways. They may 
change their curvature, and they may tilt. 
These two changes cause corresponding 
movements in the C of C - longitudinal 
and transverse, as shown by the arrows in 
Figure 5, at IV. The Gaviola test provides 
for accurate determination of both of these 
variations - the Foucault test does not. 

"The beauty of the Gaviola test lies in 
the fact that individual judgment of shad­
ows passes out of the picture. One is testing 
a series of spheres, and the sphere is the 
easiest surface of all to measure. Whether 
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Figure 6: Concerning Gaviola test 

some T.N. will develop a modification of 
the test suitable for amateurs who do not 
possess expensive micrometer apparatus, 
remains to be seen. In measuring a 6·inch 
mirror (//3 ) , the maximum value of x is 
less than one tenth of an inch, which means 
pretty delicate technique ! One of my 
brainwaves is the suggestion to try two 
plates as a condenser, in an oscillating cir· 
cuit, in place of a micrometer, to measure 
x." 

JOINING two sheets of HCF is a necessity 
in cases where the desired lap is wider 

than the standard widths (8" and 10%" ) 
of HCF will afford, and in "ATM," p. 367, 

J U NCTION :;e.''IIIa--- OF SH EETS 

Figure 7: Marrying RCF and RCF 

a method of welding these sheets edge to 
edge is described. An alternative method 
which requires less of the art of legerde­
main has been communicated by Horace 
H. Selby. First, he trims the two sheets 
back from the edge a little way, in order 
to get into uniform material, so that a 
careful crosswise match between the cells 
is possible. Then he slides one of the pieces 
along the other till he has a precise length. 
wise match between cells. The sheets are 
now ready for permanent joining. This he 
does with an ice pick, very hot, which he 
touches very lightly and quickly to the cell 
slopes at their respective junctions, skipping 
alternate slopes ( the down slopes ) and 
filling these in later by turning the sheets 
around and repeating the process (Figure 
7 ) . He says it  takes only ten minutes to 
join pieces of HCF for a 15" lap. 

PITTSBURGH is to be the mecca for all 
amateur astronomers and telescope nuts 

on Friday, Saturday, and Sunday, July 5·7, 
and there will be plenty to do and see while 
there. This is in addition to the annual 
Stellafane get· together, to be announced 
here later. 

S C I  E N T I F I  C A M E R I C A N  

U .  S .  A R M Y  
Lensatic Compass 

2-inch D i a m e t  e r. 
Liquid filled, highly 
damped, temperature 
compensated. ValUable 
for taking the bear­
ings of objects in the 
same horizontal plane. 
May also be used for measuring angles, distances, triangulation or 

topographical drawings, etc. Contains magnetic 
needle attached to celluloid floating jeweled sapphire 
dial, with azimuth circle in 64 divisions which re­
volves on a fixed center point. The aluminum case has a hinged glass sight etched hairline. underneath 
is a horizontal level, directly opposite to sight and in line with center of magnetic needle is a hinged slit­sight. Below Is a magnifying lens for reading compass 
��:i!
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"PLAN" COMPASS 

U. S. A rm y  E ngi neers 

Floating day and night 
dial on jeweled pivot. 
Used for map reading; 
setting and keeping a 
course, etc. Heavy metal 
case with automatic 
stop ; sighting window 
with reflecting mirror. 
Jeweled floating dial , 
radium marked, a to 
360 degrees, ;� inverted 
markings. Radium arrow 
on lens. 

Price . . . . . . . . . .  $5.50 
ARMY COMPASS, W R IST M ODEL 

Army Officers, leather strap, patented Swiss compass .  
Nickel silver case, 1%" diameter, silvered 
dial, jeweled pivot, radium coated . . . . . . $2.95 

U. S. N .  Aeromarine Compasses 
Suitable t o r  car, boat or plane made t o r  Navy. 

MAKE 

All aluminum, liqUid 
filled b o w  I ,  light 
weight, spherical lens, 
rotating compass card 
mounted on jewel 
bearing actuated by 
cobalt steel magnets. 
Stable lubber line, 
wide space gradua· 
t i o n s .  Independent 
compensation for N S 
and E W takes care 
of local magnetic dis· 
turbances, permitting 
close adjustment very 
quickly. 
All at fraction of orig­inal cost ($60 10 $1(0) 

1 ·  grad. $25.00 5 ·  grad. $20.00 Kollsman . . . . . . . .  . 
Pioneer . . . . . . . . . .  . 1· " 25.00 5· " 18.00 
Air. Control . . . . .  . 1 ·  22. 00 5 ·  15.00 
Star. (Illustrated) . .  5 ·  12.50 If electric illumination desired, add $2.50 

U .  S. ARMY AV IATORS H ELMETS 
U S. Army ( Western Electric ) aviator tan colored soft 
leather helmets. Adiustable sizes, lined, designed for 
head phones if wanted. Hegular price $22 .00. $2 

95 
Limited quantity at . .  . . . . . . • 

LIQUID COMPASSES WITH DIAMOND 
PO LISHED JEWEL B E A R I N G  IN 

M A H O G A N Y  CASE 
Several exclusive features as special alloy magnets. 
Hold magnetic charge indefinitely, non warping 
dial, barometer type diaphragm for expansion and 
contraction. Hand polished pivot. Guaranteed 
trouble and bubble proof. 
Dia. Box Size 
2'" 4%'" 
2 %'" 5 % '" 3'" 6%'" 
4'" 7 %'" 
5'" 8 ;�'" 

No. 4240: 

Price 
$ 7 .00 

9.00 
10.50 
16.50 21.50 
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U. S. NAVY 

SHIP'S CLOCK 

IISeth_ Thomas" 

8 Day 

Silvered Dial 7" 
diameter, polished 
brass case, non­

strike, used but in good condi- $7.95 
tion. Limited amount . . . . . . . . . 

C h rome case • • •  $2.00 extra 

" F R I E Z "  
A N E M O M E T E R S  

u. S .  Army wind speed 
indicators. I n d i c a t e s 
speed by means of an 
electrical contact mak­
ing a number of im­
pulses which may be in­
dicated at a remote point 
visibly or audibly. 
��\��

tly 
. .  

used
: $ 1 7 .50 

U.  S. A rmy Engineer Compa sses 
Keuffel & Esser, Herschede, silver scale graduated 
in degrees. Automatic needle locking device, com­
pensated, jewel bearing. Folding hairline sight. 
�qO�¥!�

t
� . �� . �:�.

o
.���:. �.

o
.� . ��� . .  ����� . �� $

1.50 

E N G INEERS U. S. A RMY 

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 re­
inforced with cast bronze and steel 
tips. Weight 5 lb. 

Price . . . . . . . . . . . . • . . . . . . . . .  $4.95 
TELESCOPE "AL DIS" 

(Makes an excellent rifle scope) 
5 Lens. Three power, adjustable focus, stadia hairs, 
erect image, lightweight, 6%" long , 1"  diameter, %0'" ocular, made for U. S .  Navy by Aldis Bros., 
��'"wmi����.".': . ,��.�I�.�� .. • • • • • • . • • • • •  $12.50 each 

Pa rabolic Sea rchlight Mirrors 
FOCAL GLASS 

DIA. LENGTH THICKNESS PRICE 11 in. 4 In. . ;4, in. $ 12. 
18 in. 7% in. 5 / 1 6  in. 25. 
24 in. 10 In. 5 / 16 in. 50. 
30 in. 121,� in. 7 / 16 in. 55. 
36 in. 1 4% in. 7 / 1 6  in. 75. 
Mirrors were made for the U. S. Army & Navy by Bausch & Lomb and Par­
sons of England. Perfectly ground and 
highly polished to a very accurate 
parabolic surface. Heavily silver plated 
and coated with a moisture and heat 
resisting paint. A few larger and 
smaller sizes in stock. 

Keuffel & Esser Navy Telescopes 

ORA WING SETS, 12 PIECE (FRENCH) 
Pocketbook style, case 9" x 4'" velvet lined. 
Consisting of : . 
1 Compass 5 ; � " ,  with 

�
e
�!

t
�ee��W 

�:�ts pen 
1 Divider 5 �2" 
1 Bow Divider 3%:" 
1 Bow Compass 3��" 

with reversible pen 
and pencil 

1 Ruling Pen 5" 1 Ruling Pen Handle 1 Box Leads 1 Box Repair Parts 1 Screw Driver 
All brightly pol!shed # 2570 • • • • • • • . .  $5.95 

Keu fel & Esser Pla nimeters 
#4240  compensating polar planimeter, 
nickle silver and bronzed brass, adiust­
able tracer arm ( 6 %. " ) . Fully gradu­
ated pole arm ( 7 %. " )  with pole weight. 
Has provision for finding mean height 
of  indicator diagrams. Testing rule and table of settings for English and Metric 
systems. In  velvet lined case with in­
strument . P r ice. Slightly used . .  $27.50 

ManhaHan Electrical Bargain House ,  I nc . , Dept.  S . S . ,  1 2 0 Chambers St. , N ew York City 
See our other advertisement on page 161 
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TRADE MARKS 
AND 

UNFAIR 
COMPETITION 

By ORSON D. MUNN 

A TRADE MARK is an intan· 

gible asset of a business, yet 

its actual value may grow so 

large that it becomes the very 

foundation on which depends 

the whole structure of the 

business. Because of this fact, 

every business man should 

have available such informa­

tion on trade marks as will 

enable him to judge with a 

fair degree of accuracy the 

desirabil ity of any m ark 

which he may be consider­

ing. 

Here, in one handy vol­

ume, written in non-legal 

terms, is a simple yet com­

prehensive interpretation of 

the Federal statutes and the 

body of common law relat­

ing to trade marks and un­

fair competition. 

price $1.00 postpaid 

Published by 

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

S C I E N T I F I C  A M E R I C A N 

CCRRE:\T B l-LLE1T \ 
BRIEFS 

(The Editor will appreciate i t  if 
you will mention Scientific Amer­
ican when writing for any of 
the publications listed below.) 

STEEL SERVES THE FARMER is a lavishly illus-
trated bulletin that traces the development 

of farm equipment from early beginnings 
down to the present day when steel has be­
come a highly important metal in farm im­
plements. American Iron and Steel Institute, 
350 Fifth Avenue, New York, New York. ­
Gratis. 

A BIBLIOGRAPHY OF BIRDS is a two-volume, 
937-page reference work to scientific ar­

ticles on the anatomy, physiology, ecology, 
behavior, and related aspects of ornithology, 
listed alphabetically by authors. It is in­
tended mainly for the investigator and it 
omits uncritical literature. Field Museum 
of Natural History, Chicago, Illinois. -
$6.00. 

FLEXIBLE METAL HOSE is a 38-page catalog 
that describes and illustrates a wide va­

riety of flexible metal hoses and their uses 
in industry. Included are hoses for handling 
saturated steam, super-heated steam, liquids 
of all kinds, many types of corrosive chem­
icals, and so on. A number of tabulations 
present essential data. Chicago Metal Hose 
Corporation, Maywood, Illinois. - Gratis. 

How TO USE THE G-E EXPOSURE METER FOR 
PRINTING AND ENLARGING is an illustrated 

circular that will enable the dark-room 
worker to put his exposure meter to uses 
other than that of determining exposure 
when making the original negative. General 
Electric Company, Schenectady, New York. 
- Gratis. 

ANNUAL REPORT OF THE SMITHSONIAN IN-
STITUTION. The title connotes something 

exceedingly dull but the actuality is quite 
the reverse, because the bulk of the report 
is a so-called "appendix" containing 32 of 
the best scientific papers of the year - 470 
pages of them. Many persons having scien­
tific leaning buy these books annually, 
never miss one of them. Superintendent of 
Documents, Washington, D. C. - $1 .50. 

THE SENTINEL ELECTRIC EYE DOOR ATTEND-
ANT is a circular that illustrates and de­

scribes a photo-electric set-up which can be 
used for a wide variety of purposes, from 
announcing store customers to acting as a 
burglar alarm in home or shop. Prices are 
included. Photobell Corporation, 123 Lib­
erty Street, New York, N ew York. - Gratis. 

MT-SCOPE is a 16-page illustrated brochure 
which describes equipment to be used 

for underground exploration for buried 
masses of metals. Fisher Research Labora­
tories, 745 Emerson Street, Palo Alto, Cali­
/ornia.-Gratis. 

PLACER DREDGES is almost a reference man-
ual on the subject of placer dredging. It 

not only describes mechanical and struc­
tural details of a complete line of dredges 
but it also contains instructions for com­
puting sizes and outputs of dredges. Two 
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full pages of formulas and computations 
will be found useful in placer mining work. 
A four-page insert is of historical signifi­
cance, telling the story of the beginnings of 
placer gold dredging in the United States. 
Bulletin No. PD-4. Bucyrus-Erie Company, 
South Milwaukee, Wisconsin. - Gratis. 

SPEED FLASH MANUAL is a 34-page pocket-
size booklet that describes Photoflash 

synchronizers and tells how to use them 
with various cameras and under varying 
operating conditions_ Thoroughly illustrated 
with drawings and photographs. The Kalart 
Company Incorporated, 91 9 Broadway, New 
York, N ew York. - Gratis. 

CATALOG AND DATA BOOK is a l04-page 
illustrated pamphlet that gives answers 

to everyday finishing problems, reports new 
developments in spray painting equipment, 
gives prices, provides engineering and per­
formance data. Request Catalog No. 75. 
Binks Manufacturing Company, 31 1440 
Carroll Avenue, Chicago, Illinois.-Gratis. 

MANUAL OF RADIO SERVICING gives in com-
pact form, for the radio service man, facts 

about service problems as encountered in 
modern radio sets. It presents a series of 
ideas that will assist in trouble-shooting. 
Supreme Publications, 3727 West 13th 
Street, Chicago, Illinois. - 10 cents. 

AHRIMAN, A STUDY IN AIR BOMBARDMENT, 
by Brig. Gen. Oliver L. Spaulding, U. S. 

Army, is a 144-page paper-covered book 
that presents a brief, non-technical syn­
thesis of the general subject of aerial bom­
bardment of cities. It deals lucidly with 
such controversial subjects as the cost of 
air raids and what the air raid can accom­
plish. Best of all, it  presents plans for pos­
sible preventive action. World Peace Foun­
dation, 40 Mount Vernon Street, Boston, 
Massachusetts. - 50 cents. 

RAILROADS CAN Do THE JOB is a folded 
leaflet that demonstrates graphically and 

in text that railroads can meet present and 
prospective needs for transportation and can 
do a better job than any competing form 
of transportation. Association of American 
Railroads, Transportation Building, Wash­
ington' D. C. - Gratis. 

-------

THE SPERRY GYRo-HORIZON AND THE DIREC-
TIONAL GYRO is a 24-page booklet that de­

scribes in some detail these two instruments 
which are of tremendous assitance to the 
airplane pilot. Sperry Gyroscope Company, 
Incorporated, Manhattan Bridge Plaza, 
Brooklyn, New York. - Limited Free Dis­
tribution. 

COLOR PHOTOGRAPHY is an illustrated 
pamphlet that describes the operation of 

the Lerochrome One-Shot Camera. Several 
drawings illustrate the principle of color 
photography as well as the operation of 
this particular camera. Prices are given. 
National Photocolor Corporation, 480 Lex­
ington Avenue, New York, New York. -
Gratis. 

ANNUAL BULLETIN OF THE TEXAS ARCHEO-

LOGICAL AND PALEONTOLOGICAL SOCIETY, 
for 1939, is a 271-page book with 55 plates, 
containing nine articles on archeological 
finds, mainly in the Texas region. Dr. Otto 
O. Watts, Hardin-Simmons University, Abi­
lene, Texas. - $3.00. 
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LEGAL HIGH-LIGHTS 
Patent, Trade Mark, and Related Legal Proceedings That 

May Have a Direct Effect on Your Business 

By 0 R S O N  D .  M U N  N ,  Litt.B.,  L.L.B.,  Se.D. 
New York Bar 

Editor. Scientific American 

VARICOLORED 

THE owners of the trade marks "White 
Horse" and "Black Horse" for Scotch 

whisky successfully opposed an attempt 
by another to register the trade mark "Red 
Horse" for use on cordials, brandies, rums, 
cocktails, and similar alcoholic beverages_ 
In the case in question the owners of the 
trade mark "Red Horse" for alcoholic bev­
erages attempted to register it in the United 
States Patent Office. The owner of the 
trade marks "White Horse" and "Black 
Horse" opposed the registration on the 
grounds that the trade marks were con­
fusingly similar to each other. The Patent 
Office decided that the marks were con­
fusingly similar to each other and sustained 
the opposition. On appeal to the Court of 
Customs and Patent Appeals, the Court 
pointed out that if the appellant were per­
mitted to register the trade mark "Red 
Horse," other producers of alcoholic bev­
erages might attempt to register the trade 
marks "Brown Horse," "Gray Horse," 
"Sorrel Horse," and "Bay Horse" and con­
cluded with the following : 

"That the use and registration of such 
marks on alcoholic beverages would destroy 
the value of appellee's registered marks, is 
so apparent as to require no discussion." 

HAM AND EGGS 

ASUIT of more than usual interest in­
volving the so·called "Ham and Egg 

Pension Plan" was recently filed in the 
Federal Court in California. 

The suit charged copyright infringement 
and was brought by the proprietor of a 
copyright for a book against the Secretary 
of State of California. The copyrighted 
book described an old age pension system 
similar to the pension system submitted 
to the voters of California last November 
and popularly known as the "Ham and 
Egg Pension System." The purpose of the 
suit was to restrain the Secretary of State 
from 

'
distributing to the voters of the state, 

as required by California law, the proposed 
constitutional amendment providing for 
the pension plan. A motion was made on be­
half of the Secretary of State to dismiss 
the suit and during the course of its con­
sideration of the motion, the court pointed 
out that a copyright for a book did not pro­
tect ideas described in the book but merely 
the language describing the ideas. Since 
the copyrighted book described a pension 
system to be operated by the Government, 
a governmental unit could operate such a 
system without infringing the copyright. 
The court then concluded that to operate 
such a system it was necessary to adopt 
suitable legislation putting it into effect 
and the publication of such legislation did 

not constitute copyright infringement. In 
this connection the court stated that "a 
plan or system advanced for government 
adoption cannot be copyrighted so as to 
prevent the publication of that plan or sys­
tem, whatever the medium of expression 
used, in the form of a proposed law inci­
dent to its submission to the vote of the 
electorate." 

As a result of its conclusion the court dis­
missed the suit. 

VITAMIN C 

A RECENT attempt to obtain a patent 
on Vitamin C, the anti-scorbutic fac­

tor, met with failure. An application was 
filed for a patent on hexuronic acid, a white 
crystalline solid identified as Vitamin C. 
The application was rejected by the Patent 
Office on the grounds that hexuronic acid 
had previously been isolated from the 
adrenal glands of animals and had been 
described in a printed publication pub· 
lished some years ago prior to the filing of 
the patent application. The applicants for 
the patent conceded that hexuronic acid 
had been isolated from adrenal glands and 
had been described in the publication, but 
pointed out that the previous discoverer 
did not appreciate that hexuronic acid 
was the same substance as Vitamin C but 
merely referred to it as a "reducing fac­
tor." The Patent Office, however, rejected 
the application, pointing out that the sub· 
stance itself was not new and that a patent 
could not be obtained for the discovery 
of a property or characteristic of a sub­
stance nor for the discovery of the actual 
identity of a substance. 

Upon appeal to the Court of Customs and 
Patent Appeals the Court affirmed the rejec­
tion of the Patent Office stating : "We 
have hereinbefore concluded that ordinarily 
no invention exists in the discovery of a 
property possessed by an old sub­
stance . . • •  " 

SECRETS 

WHERE secret formulas become in· 
volved in litigation the court will 

attempt to preserve the formulas from publi. 
cation. This is illustrated by a suit involVe 
ing a secret formula for an alloy used in 
the manufacture of flat·ware and hollow· 
ware. The suit involved two manufacturers, 
each claiming to be the exclusive licensee 
of the owner of the formula. One of the 
defenses raised was that the formula was 
no longer secret but was fully described in 
a printed publieation. If this were true the 
formula of course would be public property 
and neither party could restrain the other 
party from using it. 

In order to determine whether the pub. 
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Ii shed formula was the same as the secret 
formula it was necessary to take testimony 
as to the nature of the secret formula and 
if the testimony were taken in the usual 
manner the information as to the nature of 
the formula would be available to the public 
and the secret character of the formula 
would be destroyed. To protect the owner 
of the formula against this contingency the 
court ordered that the testimony should be 
taken in camera and should be then sealed 
and submitted to the court, stating : 

"Having in mind that the taking of evi­
dence upon the question whether the pub· 
lished formula is the true formula, and 
whether if so its dedication to the public 
is a dedication of the process, may threaten 
exposure of both formula and process if 
they be still secret, evidence may be taken 
in camera and sealed as was done in A. O. 
Smith Corp. v. Petroleum Iron Works Co." 

MANUFACTURE 

THE manufacturing of an infringing 
article, even though the article is never 

sold or placed into actual use, constitutes 
patent infringement. This question was con· 
sidered in a recent case involving patents 
for tractors. It was contended by one of the 
parties that the court did not have juris­
diction over the suit because a tractor 
charged to infringe one or more of the 
patents had not been sold or used. The 
Court pointed out that this contention was 
without merit because, if the tractor in­
fringed the patents, the mere manufacture 
of the device constituted patent infringe­
ment. In this connection it would be well to 
note, however, that the failure to use or sell 
an infringing device would affect the 
amount of damages. In the absence of sale 
or use of an infringing device it would be 
difficult to show that the patentee had suf· 
fered any damages or that the infringer had 
realized any profits. 

MERCILESS 
A S pointed out in a recent federal court 

1\.. decision, the nature of a patent is 
such "that joint owners in it are at the mercy 
of each other." In the suit in question a 
patent for an electric fan was jointly owned 
by two persons. One of the joint owners 
filed suit against a manufacturer of electric 
fans charging infringement of the patent 
and the other joint owner refused to join 
in the suit. To meet this situation the first 
joint owner joined the other joint owner 
as a defendant in the suit. The manufac· 
turer of electric fans made a motion to 
dismiss the suit on the grounds that joint 
owners of a patent must join in the suit as 
plaintiffs. The Court first considered the 
peculiar nature of patent rights, pointing 
out that where a patent is jointly owned 
either co·owner may manufacture, use, and 
sell the patented invention without the 
consent of the other co·owner and without 
liability to account for any profits realized 
from the invention. The Court also pointed 
out that one joint owner may grant a license 
to another person without the consent of 
the other co·owner and may collect for his 
own use the royalties arising from the li­
cense. 

The Court concluded that to maintain 
a suit for patent infringement both co· 
owners must voluntarily join in the suit and 
that if either co·owner refuses to do so he 
can not be joined as a party defendant. 
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HERE, at last, Is your really com ­plete book on microscopy-wrIt­
ten by ROY M. ALLEN. con­

sulting research expert. Gives all the 
latest techniques In clear, step-by­
step directions. New. improved meth­
ods or fixing. Imbedding. sectioning. 
staining, and mounting objects on 
slides-many never before ell:plained 
for the amateur. Dozens ot tips Qnd 
short-cuts that will save time and 
improve your Tesul ts in every fteld­plant and animal structure, bacteria. 
Uving organisms . minerals, crystals. 
etc. etc. Specific dlrectlons for taking 
microphotographs of professional quality, Including many examples from author's own research laboratory. 
How to use polarized light. dark field and opaque 
UlumlnaUon, etc. Special chapters on modern rolcro­
scopes, their history I development, optical principles, 
and lens testing. 283 pages. cloth bound. lavishly Illustrated.  6 x 9 inches. Nothing omitted. and written tn plain. simple English. especially ror hobbyists' use. 

Most P RACT ICAL BOOK Ever Written on 

M I C ROSCOPE WOR K !  READ IT FREE ! 

You get the benefit of Mr. Allen's many years' experi­
ence as consultant on microscopy to leading firms, and 
as president of New York Microscopical Society. Has 
prepared over 1 ,000 biological microphotos for projec­
tion in college courses. He'll help you get the most 
out of your hobby. Take advantage of this Free 
Examination Offer to prove how useful this book can 
be to you. See how readily the answer to any question 
can be found in The Microscope by Roy M. Allen. Mail 
coupon now, and read it for a week without obligation 
to buy. D. ,AI MOSTRAMO CO •• Inc •• 2S0 FOURTH AVE .. NEW TORtI CITY 

O. VAN MOSTRAMO CO •• Inc •• 2S0 FOURTH AVE •• MEW TORK CITY 
Send me for a week's trial The Microscope by Roy M. 
Allen. Within that time I will either send you $3.00, 
plus a few cents postage, in full payment, or return 
the book and owe nothing. (S. A. 3-40) 

!ilame . • • . • • • . • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • . . . . . .  

CASH PAID for insects-butterflies. 
moths. I buy them for collections. 
Good cash prices paid. There are 
kinds on the large price list in my 
Instructions and pictures worth $1 
to $7 each. Simple outdoor work. MAlF Beginners get ready now. Send 10c 

for ILLUSTRATED PROSPECTUS. before sending any 
insects. MR. SINCLAIR. DEALER IN INSECTS. 
DEPT. 36, BOX 1830, SAN DIEGO, CALIF. 

If you are not getting ahead-If you sec no future ahead of yOU in the work you are now doing-then you should give serious 
thought right now to your future. Electrici ty offC'r9 to the f{'Hows who will prepare for the m .  m any opportunities as salesmen. as construction men, power house operators. electrical main tenance men, and in countless other branches. .. ... . Here elt Coyne we will give you 12 weeks' ."iiM..a\�, practical shop tra i n i n g  o n  motors, gen­
eratonl, arnla- t U TeS, construc t ioll work and 
many other branches of Electricity. Be­cau!:Ic my training is "Learn by Doing" training, yOll don 't need previous elec­trical experience o r  advanced education. Pay Tuition AFTER Graduation I f  you are short Of money yOU can still get ��_." tltis training-for YOtl Call pay down a small 

;,'nf�t ��nt��� bt!�;.��f rt���U��d part time work we WIlt h elp you get i t  and w e  w i l l  give y o u  valuable employ-
��li c����ni�d;r;�nJI'�1 :���u:� my big, feee book and aU the details. 

rH:-C-:-L£.t�S.-;7c�de::-------------I COYNE ELECT R I C A L  SCHOOL. I 500 S .  Paulina St . •  Dept. 1 0 -87. Chicago. Ill. I Please send me your big free book and all the facts I about Coyne training. I 
I I I NAME . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  I I ADDRESS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . I 
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Opportunities 
.I.. .I.. 

for Men Seeking More Responsibility and Higher Income 
BUSINESS i s  o n  the way UP.  A r e  you p rep a red  t o  g o  U P  

w i t h  i t ?  . . .  Every period o f  business expansion offers new 
opportu nities for trai ned men. Any corporation head wil l  tell  
you tha t  ri s ing busi ness cre a tes more responsible  execu tive 
jobs than there a re men qual ified  to fi l l  them. The man who 
i s  prep a re d  can reap a rich reward.  

ness the orga nized knowledge of busi ness that is  essential  to 
competent management. The Institute h a s  gathered the ex­
perience of the most successful busi ness men of the cou ntry, 
and the p roved principles and methods of thousands  of com­
panies. I t  has orga nized and formul a te d  thi s  k nowledge for 

the benefi t of those who rea lize that 
without it  no m a n  is  qualified for 

What Is the 

Right Preparation ? 

Depa rtment heads a re plentiful 
enough-men who know accou nti ng, 
or produ ction, or sell ing.  or some 
other ONE bra nch of bus i ness.  But  
there a re few who know the fu n d a ­
m e n t a l s  o f  A L L  departments and 
who a re c a p a b l e  of  m a n aging a n d  
coord i nat ing the i r  activities .  

The man with a one-track m i n d  
can be o n l y  t h e  tool o f  m e n  with 
h ro a d e r  tra i n i ng. He can never q u a l­
ify for a rea l  execu tive position. If  
vou a re now a jun ior execu tive or 
" d e p a rtment" m a n-whether in the 
a ccou ntmg. engineering, fi na nci a L  
s a l e s ,  or production divis ion - you 
Gill broaden you r training to i nclude 
the fun damentals of ALL divis ions,  
a n d  thereby p re p a re you rse l f  for the 
opportu nit ies  tha t  a re coming fast. 

S O M E  O F  TH E AM E R I CAN B U S I N E S S  
LEADERS W H O  HAVE H ELPED T O  BUILD 
T H E  I N STITUTE'S COURSE A N D  SERVICE 
E I J \\"A R ll  R .  STETTl N I U S , J R .  

C h a irm a n  o f  t h e  Board 
U l l ited States Sted Cm-p. 

A L F R E D  P.  SLOAN, JR. 

� rA.T O R  I l .  F O S T E R  

Ch a ir m a n  o f  t h e  Board 
G C J l e r a l  Jlofors Corporatioll  

C h a i r m a n ,  Dept.  of B a l l k i l / [I  
a l l d  F il l a n ce, .i\'{";:e J7orJ.., U n i, ' .  

THOMAS J.  W A T S O N  
Pres idc l l t .  I l I t c r l l a t i o l l o l  B II s i­
IIl'SS J1achiJ !cs Corporat ioll 

F R E D E R I C K  W. P I CKARD 
Vice-P reside l l t ,  E .  J .  d u P o J l t  
de �Vc111 o u rs '-� C O m p a H ) ' .  I 1 I r .  

C O L B Y  M .  C H E STER, J R .  
C h a ir m a n  of t h e  Board 
General Foods Corpora t ion 

execu tive responsi b i l i ty. 
To those men who now hol d ,  or 

who a re determ i n e d  to hold in the 
fu ture, i m portant p lace� in the bu si­
ness worl d ,  the Institu te offers the 
thorough, b a l anced knowledge of 
p roduction, m a rk e ting, finance, and 
accou nting essenti a l  i n  bu siness ad­
m i n i s t r a t i o n ;  i d e a s ,  e x p e r i e n c e , 
methods and j u dgment of the most 
successful b u s iness men of Ameri c a ;  
a m a stery o f  tested bus i ness prin­
ciples and p ractice. 

If  You are of 

Executive Calibre 

Send for Your Copy of 

" F O R GI N G  A H EAD 

I N  B U S I N E S S "  

T o  men who want t o  qual ify fully 

The Alexander Hamilton Institute Prepares 

Men to Reach the Top 

for executive respons ib i l i ty and to 
win financial  independence, we wil l  be gl a d  to send a copy of 
the famous book " Forgi ng Ahe a d  in Bu siness. " A new edi tion 
has  been publ ished which conta ins  a most i mportant message 
for the type of man who is goi ng far  in business.  M a i l  the 
coupon for you r copy. There is no cost or obl igation. 

For more tha n  a q u a rter-centu ry the I nstitute has been giv­
ing to the execu tives and coming execu tives of American busi-

THIS is a n e w  

edition of the fa­

m ous b o o k  that has 

s t a r t e d  s o  m a n y  

t h o u s a n d s  o n  t h e  

road to greater suc­

c e s s .  To t h e  r i g h t 

man, the information 

a n d  i n s p irati o n  of 

this b o o k  can m ean 

financial independ­

ence and security. 

To the ALEXA NDER H A \1 I L  TON I N STITUTE 

1 96 Astor Place,  New York . N. Y. 

Please m a i l  me. wi thou t cost or ohl igation,  a copy of 

" Forging Ahead in B u siness. " 

Nam e 

BUJine,fs A ddress . .  

Position 
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HERE, at last is your really complete book 
on microscopy-written by ROY M. 

ALLEN, consulting research expert. Gives 
all the latest techniques in clear, step-by­
step directions . New, improved methods of 
fixing, imbedding, sectioning, staining, and 
mounting objects on s l ides-many never 
before explained for the ama teur. Dozens 
of tips and short-cuts tha t wil l save time and 
improve your results in every field-plant 
and animal structure, bacteria, living organ­
isms, minerals, crystals, etc, etc. Specific 
directions for taking microphotographs 
of professional qua lity, includ-
ing many examples from au­
thor' s  own research labora tory. 
How to use polarized 
light, darkfield and 
opaque il lumination, etc. 
Special chapters on mod­
ern microscopes, their 
history, development .  op­
tica l principles, and lens 
testing. 283 pages, cloth 
bound, lavishly illustrat­
ed. 6 x 9 inches. Nothing 
omit ted, and written in 
plain, simple English,  es· 
pecially for hobbyists' 
use. 

You get dozens of 
practical pointers 

like this : 
Both t hese mirrophotos show the same d iatom, ilt the sil mr mag­n i ficat ion.  \l'hy is t he Illelure al the  right so mueh bel ler? l Iere·. t he Sl'Cl'ct : I t  was t'lkcn with :J lells of largN l o N . A . "  ( umcri­cnl A pcr L url! )  lIlun the one at t he left . Tips l i ke t his wi l l  en­able you to get better resuit s and more enjoyment from your microscope. 

Most PRACTICAL BOOK Ever Written on 

MICROSCOPE WORK! READ IT FREE! 

You get the benefit of Mr. Allen' s  many years' experience as con­
sultant on microscopy to leading firms, and as president of New York 
Microscopical Society. Has prepared over 1 ,000 biological micro­
photos for projection in college courses. He'll help you get the . most 
out of your hobby. Take advantage of this Free Examination Offer 
to prove how useful this book can be 10 you. See how readily the 
answer to any question can be found in The Microscope by Roy M .  
Allen. Mail coupon now, a n d  read it for a week without obligation 
to buy. D. Van Nostrand Co . ,  Inc . ,  250 Fourth Ave . ,  New York City . 

SEND NO MONEY-Just Mail Coupon 

•.. .  -- . . . .  - . - . - . - . .  - - . - - - - - - - . - - . . � 
D. VAN NOSTRAND CO .. Inc .. 250 Fourth Ave .. New York City 
Send me for a week ' s  trial The Microscope by Roy M. Allen. 
Within that time I will either send you $3.00,  plus a few. cents 
postage, in full payment, or return the book and owe nothing. 

(S.A.3-40) 

Name . . . • • • • • • • • • • • . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Address . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 

If you send $3.00 with this coupon, we will pay postage. 
Same money.back guarantee applies. 

.. __ ._- - - . _ .. .. _ - - - - - - . - - . - . - - . - � 

PREPARE now to advance yourself to an 
important job by lvlath c m atics Training. M"athematics is  the foundation of all me� 

chanical and scientific work, and of all 
business or industry based on science. 
Without this essential knowledge even the 
most capable man is left behind while 
others forge ahead to beller jobs, beller 
contracts, more money. 

Now you can learn mathematics by " an 
easy, inexpensive and time-saving method. 
A very simple and extremely interesting 
course in book form has been prepared for 
you by an expert who has devoted a life­
time to teaching practical men the funda­
mentals of  this important subject. 

Mathematic s 
For Self Study 
By J. E. Thompson, B.S. in E.E .. A.M .. 
Dept. of Mathematics, Pratt Institute, 

Brooklyn 
These books start right from the beginning 
with a review of arithmetic that gives you 
all special short-cuts and trick methods that 
save countless hours of your time. Then 
they go right into higher mathematics and 
show you how simple it  is when an expert 
explains it  for you. You can get these 
books on approval and see for yourself 
how much enjoyment you can have while 
getting this valuable training. In no time 
at all you will be tackling with ease the 
most difficult question on this subject. 

A Complete Course and 
Reference Library in 5 Volumes 

1 598 Pages-Illustrated 
ARITHMETIC-Starting with a quick review of principles, it pre­
sents all the special calculation methods which every practical 
man should know. 
ALGEBRA-Starting with simple practical problems, this book 
shows you, step by step, how to apply algebraic methods to the 
most complex problems. 
GEOMETRY--States clearly all needed facts about plane figures, 
circles, polygons, etc. 
TRIGONOMETRY-This volume makes easy the principles of angles 
and triangles, shows you how to use tables that explain their 
functions.  
CALCULUS-You will  enjoy mastering calculus in this interesting 
new way and you will find it will enable you to solve problems 
that can be solved in no other way. 

An Expert Gives You These Simplified Methods 
Mr. Thompson, the author of these books, is not an ordinary teacher 
of mathematics. He has had many years' experience in giving 
students the kind of mathematical training they need in practical 
work. He presents each practical method and problem in the clearest 
and simplest way. He gets right down to the kind of information 
that you need in your daily work. 

Send No Money ExaInine These Books 
for 10  Days Free 

The coupon below brings you the five books for 10 days' free trial. 
After 10 days return the books to us without obligation or send us the 
small down payment of $2.95, balance in three monthly payments 
(5 % discount for cash). 

Mail This Coupon 
- -- - - - _  . . . . . - _ .  - - . - . - - - . . . . . . .  � . .  , 

D. Van Nostrand Co .. Inc .. 
250 Fourth Ave .. New York. 
Send me MATHEMATICS FOR SELF STUDY in 5 volumes. Within 
10 days I will either return the books or send you $ 2 . 9 5  as first 
payment and $2.00 per month for 3 months-total, $ 8 . 9 5 .  ( 5 %  
discount for cash.) (S.A. 3-40) 

Name . . . . . . . . . . . . . . . . • • • • . • . . . . . . . . . . . . . . . . . . • . • . . . . . . . . . . .  ' "  

Address . . . . . . . . . . . . . . . . . . . . • . • • . • . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

City and State . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 

Business Connection . . . . . . . . • . . . . . . . . . . • . . . • . • • • . • . . . . . . . . . . . . .  

Reference . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • . • . . . . • . . . . . . . . . . . . . .  
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