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of a special issue such as the November Navy Number, Scientific 
American receives universal attention. 
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This is not surprising, for that material was not available in 
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rendered, we wish to express our appreciation for the valuable 
help of one of our contributing editors, Captain W. D. Pnleston, 
who since 1929 has been a member of that distinguished group 
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EVERY significant scientific discovery or labora­
tory development is immediately recorded and 
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cialist in a particular field, but for all research men 
in industry, for research students in school, college, 
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knowledge for its own sake. 

Measured in numbers, the readership of Sci­
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ONE of the towers of the Triborough Bridge ( see page 323) stands in bold relief 
against a background of the sky, as photographed by J acob Deschin, con­

ductor of our regular monthly department "Camera Angles". 
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50 YEARS AGO IN • • • 

PASTEUR-"The entire civilized world has for some time past 
been watching with intense interest the experiments on the treat­
ment of hydrophobia conducted by the celebrated French scientist, 
Dr- Louis Pasteur- These researches have now been so far com­
pleted that the results have been presented by the investigator to 
the French Academy of Sciences." 

-

BALLOONS-"At a recent meeting of the Military Service Insti· 
tution, held at Governor's Island, Gen. Russell Thayer, of Phila­
delphia, presented in detail his 
system of independent and depend­
ent dirigible balloons, intended par­
ticularly for use in war times. Gen­
eral Thayer has made many ex­
periments in aerial navigation, and 
has so far been successful that a 
number of his designs and working 
models are now under considera­
tion at the British War Office." 

ALUMINUM-"According to La Lumiere Electrique Mr- L. Senet 
has invented a new process that permits of the manufacture of 
aluminum, as well as copper, silver, etc., by electrolysis. A current 
of from 6 to 7 volts and 4 amperes is made to act upon a saturated 
solution of sulphate of aluminum in the presence of a solution of 
chloride of sodium, the two solutions being separated by a porous 
vesse!." 

ASPHALTED JUTE-"According to the Journal des Fabricants 
de Papier, a material called asphalted jute is being largely em­
ployed in Germany for covering roofs, for isolating damp walls and 
floors, and for preventing bad odors from reaching apartments 
situated over stables, etc." 

ANDROMEDA-"The new star in Andromeda, which was first 
seen by Ward, at Belfast, on August 19, as a star of the ninth 
magnitude, and two days later reached its greatest brightness as 
one of the seventh magnitude, is now fading at the rate of one 
magnitude in 18 to 21 days, and has reached the lower brilliancy 
of a star of the eleventh magnitude." 

MECHANICAL STAMP SALESMAN-"An English invention is 
designed to do away with complaints about a want of post office 
agents for the sale of stamps. The apparatus is a mechanical box 
which automatically transacts the business of selling stamps, etc., 
and may be put up on lamp-posts like the letter boxes." 

ASPHALT-"French rock asphalt pavement in the city of London 
still' holds its own ; and while no 
asphalt has ever been taken up 
to replace it with wood, there 

IT IS frequently the case that present-day advances in science and 
industry can be more fully appreciated when there is available 

some knowledge of what has gone before. The accompqnying ex­
cerpts from Scientific American for December 1 885 were selected 
from our files for their inherent interest and significance. If you 
would like to see this page continued as a regular feature 0/ 
Scientific American, won't you write us a note to that' effect? 

ORSON D. MUNN, Editor and Publisher 

burgh, will have the effect, it is said, of making Bessemer steel 
eq'lal in quality to the crucible product, and at only about one­
tenth the price." 

OBELISK-"The work of preserving the Obelisk at Central Park, 
New York, has now been completed, and apparently none too 
soon, as the numerous storms which have since assailed the shaft 
would have done it material damage had the pores of the stone 
still remained open. The process employed consisted of treating 
the heated stone with a mixture of paraffine, creosote, and turpen­
tine." 

JEWS-"The Bulletin of the Geographical Society of Marseilles 
estimates the total number of Jews in the world at 6,377,602-that 
is, 5,407,602 in Europe, 245,000 in Asia, 413,000 in Africa, 300,000 
in America, and 12,000 in Oceania." 

RUSSIAN CANNON-"Messrs. Easton and Anderson recently 
issued iuvitations to officers of Government manufacturing depart­

ments and foreign attaches to 
visit their works at Erith, in order 
to inspect the Moncrieff gun car­
riages made by them for the new 
Russian ironclad Catherine II." 
The gun mounting was a cast steel 
platform revolving around a hol­
low steel pivot on 22 rollers. The 
gun was of the "disappearing" 

type and was provided with a clever variable hydraulic recoil 
mechanism. 

DYNAMITE AIR GUN-"Three dynamite projectiles were thrown 
from Lieut. Zalinski's pneumatic gun, at Fort Lafayette, New York 
harbor, on the afternoon of Nov. 28. The projectiles were thrown 
a distance of about two miles, and two of them, one containing 50 
and the other 100 lbs. of nitro-glycerine, exploded in a most satis· 
factory manner, the other one sinking in the water without ex­
ploding . . . .  The air pressure employed in the new gun was 1000 

pounds to the square inch." 

have been cases where the wood 
has been taken up and replaced 
with asphalt." 

AND NOW FOR THE FUTURE 

NICARAGUA CANAL-"An of­
ficial report has been submitted 
recently to the Navy Department 
by Civil Engineer A. G. Menocal, 
U. S.  N., of the relocation of the 
Nicaragua Canal made by the gov­
ernment expedition of last winter. 
The route now given the prefer­
ence extends from the harbor of 
San Juan del Norte, or Graytown, 
on the Caribbean Sea, to the port 
of Brito, on the Pacific, a total 
distance of 169_8 miles, of which 
40.3 miles are canal proper and 
129_5 miles open navigation 
through Lake Nicaragua, the river 
San Juan, and the basin of the 
river San Francisco." 

GARNET-"While making the 
excavations for a sewer on 35th 
Street between 7th Ave. and 
Broadway, New York City, the 
workmen recently uncovered a 
large garnet which was enclosed 
in the gneiss about nine feet 
below the level of the street." 

B ESSEMER-"A recent improve­
ment in the Bessemer steel pro­
cess as carried out at the Edgar 
Thomson Steel Works, near Pitts-
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<l(A study of the possibilities of Diesel engines in 
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THE GIFT 
o F FRIENDSHIP 

THERE is a priceless gift within reach of every 

one-the gift of friendship. 

Of all the services of the telephone there is 

none lllore illlportant than this-helping you to 

lllake friends and to keep thelll. 

When people are in trouble, you go to thelll 

quickly by telephone. The telephone carries your 

good wishes on birthdays, weddings and anniver­

saries. Arranges a golf gallle or gets a fourth for 

bridge. Invites a business acquaintance to your 

hOllle for dinner, and advises "hollle" that he is 

cOllling. Congratulates a youngster on his work 

at school. Thanks a neighbor or asks about the 

baby. Renews old tillles-shares confidences­

plans for the future. 

Thus the bonds of friendship are forUled and 

strengthened. Greater happiness COUles into the 

widening circle of your life. SOUle one, sOUlewhere, 

says sincerely-"It was nice of you to call." This 

day, a voice-visit by telephone Ulay bring reassur­

ance to SOUle friend who is wondering how you are. 

More and more are people turning to Long Distance to 

carry friendly voices across the miles. They like its speed, 

clarity, intimacy and low cost-especially after 

7 P. M., when calls by number to most points 

cost about 40% less than in the daytime. 

BELL TELEPHONE SYSTEM 
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WITH the 74·inch telescope of the University of  
Toronto now in use-second largest telescope 

in the world at present-the center of gravity in reo 
gard to things astronomical on the North American 
continent shifts to the north·eastward, for important 
research will be done by means of it. The photograph 
does not well indicate the size of the instrument : 
the tube is 28 feet long. Attached to it is a spectro· 
graph. The telescope was made in England by Sir 
Howard Grubb, Parsons and Company. The mirror 
disk is American Pyrex. It was figured by Grubb. 



A military plane lays a dense smoke screen. 
Instead of this harmless chemical, the plane 
might use one which would cause heavy casual· 
ties in men. Inset: A modern service gas mask 

No SUPER �R GAS! 
Ideal War Gas May Never be Found ... Require­

ments and Limitations ... Nations Still Rely on 

Wartime Combat Chemicals 

By ALDEN H. WAITT 
Captain, Chemical Warfare Service. U. S. Army 

O
F the many hundreds of poisonous 
substances known to the chemist, 
the few that are important as 

agents of chemical warfare may almost 
be counted on the fingers. The layman 
finds this difficult to understand. As a 
matter of fact, he generally refuses to 
believe it. Mr. Average Citizen is con­
vinced that there are dozens of new and 
secret formulas tucked away in the 
locked files of the war offices of the 
world ready to be brought out at the 
first suspicion of war so that fiendish 
brews may be prepared and used for 
his destruction_ 
Mr_ Citizen, however, is wrong. It isn't 

as simple a matter as he thinks to add 
to our list of chemicals useful as weap­
ons. The difficulty lies in the many es-

sential factors that enter into the 
problem. The chemical warfare agent 
not only must have toxic or irritant prop­
erties sufficient to cause casualties or 
disable in extremely low concentrations, 
but it must possess also suitable physi­
cal and chemical characteristics, and 
meet rigid economic standards. To find 
a material that will combine enough of 
the desired properties to be useful is 
a tremendous task. To find one that 
will combine all requirements is prac­
tically impossible. The ideal chemical 
combat substance has not yet been 
found. Probably it never will be found. 
From 1915, when the first gas attack 

took place near Y pres in Belgium, to 
1919, when the war-time research estab­
lishments were placed on a peace basis, 

WAR gas is deadliest in the 
minds of enterprising news­

paper reporters whose imag­
inations have run riot for years_ 
In fact, so much pure, unadulter­
ated hokum has been written by 
them since the World War, that 
it is quite a relief to read Cap­
tain Waitt's accompanying arti­
cle and find that war gas is not, 
can not be, anything like as 
deadly as most people believe. 
This author, an authority on 
chemical warfare, thoroughly 
de-bunks this subject which has 
so intrigued the sensation-mon­
gers.-The Editor. 

or completely demobilized, over 3000 
'compounds were carefully investigated. 
Less than 30 of these were of sufficient 
value to be used in actual hostilities and 
only some 10 or 15 were found satis­
factory for use on a large scale. The 
field was covered in those years by the 
most eminent chemists of the times in 
the intensive search for something that 
would surprise and defeat the other 
fellow. Since then the search has con­
tinued, although perhaps less intensively, 
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and in spite of the innumerable reports 
about a super gas that have appeared 
in the newspapers of the world, there is 
no real evidence that such a compound 
has been discovered. Upon tracing 
down these reports one finds that the 
alleged ideal gas has been investigated 
before and found wanting or that it 
lacks certain of the qualities absolutely 
necessary for successful use in war. 
Before examining further into the 

characteristics that the military chemist 
is seeking in his ideal, let us ascertain 
just what a war gas is, what it must 
accomplish, and how. 
The word poison gas is a misnomer. 

Most of the chemical combat substances 
are liquids or solids under normal con­
ditions. They are disseminated in the 
air by various methods. Some chemicals 
are contained in artillery shells or 
bombs which explode and throw the 
liquid or solid agent into the air in 
drops or in fine particles.· Some solids 
are volatilized by heat and thus pass in­
to the air as vapor or in a fine particulate 
cloud. Others are carried in tanks on 
planes and released into the air so that 
they fall to the ground in droplets or 
as a fine mist. These latter are liquids, 
although the same method might be 
applicable to finely pulverized solids. 

Chemical mortar in action 

A few-those which are volatile--which 
enter the gaseous state readily, can be 
released directly from cylinders or 
drums merely by opening a valve. They 
form a dense cloud which is carried 
by the wind. Whether we call these 
materials. chemical agents, combat 
chemicals, or poison gases, the terms 
all refer to any substance useful in war 
which, by its normal and direct chem­
ical action produces either a powerful 
result on the body, a screening smoke, 
or an incendiary effect. 
Obviously, if a search is to be started 

for a warfare chemical a military re-

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

quirement for it must exist. There has 
to be some tactical need for it. Further, 
it must fulfill that need more effectively 
and better than something that already 
is available. Consequently, in examining 
the combat chemicals we often find it 
desirable to group them according to 
their tactical uses. They may be em­
ployed tactically to produce casualties, 
to harass, for screening, or as incendi­
aries. Many of them fall into more than 
one class. Casualty agents are those 
having properties which adapt them 
primarily to the infliction of casual­
ties; their purpose is to put the in­
dividual exposed to them in the hospital 
or cause his death. Harassing agents 
are used to reduce the effectiveness of 
troops by compelling them to wear the 
gas mask. Screening agents form an 
obscuring smoke and interfere with ob­
servation, while incendiary agents cause 
destruction of material. 

THE tactical purposes are accomplish­
ed by their action on the body and 

perhaps the most convenient classifica­
tion of the war gases for the purposes of 
this discussion is according to their 
physiological effect. The lung irritants 
are those which attack the breathing 
apparatus only. They are essentially 
casualty agents. Phosgene (CG) is 
typical of this class. The skin irritants 
or vesicants (blistering agents), typi­
fied by mustard gas (HS), affect all 
parts of the body, cause inflammation 
and blistering of the skin, acute in­
flammation of the eyes and respiratory 
tract. The skin irritants are principally 
for casualty action, but also are valua­
ble for harassing and for making 
ground untenable by unprotected troops. 
The eye irritants or lacrimators (tear 
gases) , valuable only for harassing, pro­
duce, in extremely low concentrations, 
an intense irritant effect on the eyes 
so that vision becomes impossible. CN 
(chloracetophenone) is the type agent 
of this class. The nose irritants or sneez­
ing agents, sometimes called sternuta­
tors, cause sneezing, nausea, and ex­
treme mental depression. DM (dipheny­
laminechlorarsine) is typical of this 
class which, like tear gas, is for har­
assing purposes but to a greater de­
gree. The nose irritants produce only 
temporary casualties and do not cause 
death. Finally there are the paralysants, 
or nerve poisons, such as hydrocyanic 
acid gas, which act directly on the ner­
vous system, causing stoppage of heart 
action, and the poisons such as carbon 
monoxide, which act upon the blood 
to upset its function of supplying oxy­
gen to the tissues. No practical method 
has yet been discovered of utilizing 
either the nerve or blood poisons as 
war gases because of their physical 
and chemical deficiences. Carbon mono 
oxide, generated by the bursting of high 
explosive shells, has claimed many 
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Gas cylinder attack: chlorine and 

victims, but these casualties may not be 
considered as due to chemical war­
fare. 
Qualities of the chemical agent which 

give it tremendous value are its ability 
to shoot around corners and the fact 
that it is continuous in time and space. 
The bullet or high explosive shell 
speeds on its way or bursts and im­
mediately the effect is over. If anyone 
gets in the way a casualty is caused; if 
not, no result is obtained. The gas, 
however, diffuses in the air so that it 
is effective over a greater area than 
the explosive or bullet, and for longer 
periods of time. It sinks into low 
places and penetrates crevices. 

THIS does not mean that gas cannot 
.be controlled or that once released 

from bomb or shell a chemical agent may 
be carried for miles to destroy those 
whose destruction is not contemplated. 
On the contrary, it can be controlled to 
a greater extent than any other weapons 
except those of the thrusting type. It 
is a very flexible agency in that it can 
be designed to cause severe casualties 
or merely to harass and cause delays. 
It can be controlled definitely in time 
and space. It can be used to cover a 
relatively large area or a small area. 
It can be placed on the ground where 
its effect under average weather condi­
tions will be exerted for several hours 
or days, or it can be disseminated in 
such a way that the effect is over in a 
few minutes. This is governed by the 
method of dispersal and by the per­
sistency of the gas. A gas is called non­
persistent if, when dispersed in the field, 
it is dissipated rapidly, say in 10 min­
utes, under the influence of a low veloc­
ity wind. A gas is considered persistent 
if it remains effective for longer periods 
-say several hours. Phosgene (CG) is 
a non-persistent gas and when dispersed 
in the field will become a vapor and be 
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spouting from ground cylinders 

blown away rapidly. Mustard gas (HS) 
is a persistent gas which, when dis· 
persed in the field, may be effective for 
several hours or several days. Persis· 
tency is extremely important in its re­
lation to the tactical uses of an agent. 
The search for the ideal war gas, 

then, is governed by tactics, physiology, 
physics, and chemistry. In addition, 
since we fight with dollars as well as 
with men, the procurement agencies 
demand that careful attention be paid 
to economics. Obviously, then, a com­
promise is necessary since the ideal 
probably cannot actually be realized. 
We can set up the ideal, however, even 
if it may never be attained. It gives the 
military chemist an aiming point. 

IN the first place a chemical combat 
substance must be effective in small 

concentrations. Let there be no con­
fusion here as to what is meant by the 
term small. It is a matter not of a few 
parts of the substance to 100 or 1000 
parts of air, but rather of a relatively 
few parts of the combat substance to a 
million parts of air. Unless the gas can 
do its work in these almost infinitesimal 
quantities it has no value in warfare. 
The number of shells or containers that 
can be brought up to the forward areas 
and fired is limited. Moreover, the 
amount of substance the air will take 
up is comparatively small. The chemi­
cal must be so powerful that the few 
pounds of it that reach the enemy posi­
tions are able to accomplish the tactical 
mission set for it-that is, to produce 
casualties, to harass, or to deny ground. 
Phosgene, according to Dr. Rudolph 

Hanslian" the German authority on 
chemical warfare, will cause severe ir­
ritation of the respiratory organs and 
eyes immediately in a concentration of 
.04 of an ounce per thousand cubic feet 
of air. That is about one part in 100,000. 
In very much smaller quantities, if in· 
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haled for a few minutes, this gas may 
lead to fatal cases of poisoning. 
The tear gas, eN (chloracetophen­

one) , produces its effects in much 
smaller concentrations. Hanslian states 
that the minimum concentration nec­
essary for irritating the eyes is .0003 of 
an ounce per thousand cubic feet of air. 
CA (brombenzy lcyanide) produces an 
intolerable effect on the eyes after three 
minutes exposure to a concentration 
of .0008 of an ounce per thousand cubic 
feet of air. Let your mind play with a 
conception of this small weight of sub­
stance for a moment. Just imagine that 
an ounce of this chemical is divided 
into 10,000 parts, and that eight of these 
parts are disseminated evenly in the air 
contained in a box ten feet on a side. 
The average man could stand the effect 
of the tear gas in the box for three 
minutes; then the irritation on his eyes 
would be so great that he would be 
compelled to close them. That is why 
the tear gases may be so valuable in 
war. Although they do not cause serious 
or permanent casualties, it only requires 
a little bit to make a man put on his 
gas mask, with the loss in his efficiency 
that wearing the mask entails. It may 
be cheaper to use them for certain 
purposes than to use a more toxic gas 
which has to be employed in much 
larger quantities. 1£ the tactical need is 
to delay, harass, or hamper the enemy's 
operations, one shell filled with a power­
ful tear gas will do the work of at least 
ten mustard gas shells. Some nations 
realize this and are planning to com­
bine small amounts of a solid tear gas 
in their high explosive shells. The 
Russians suggest the use of a splinter 
chemical shell which bursts to give the 
explosive effect without appreciable 
loss in efficiency and at the same time 
sets up a tear gas concentration in the 
air. 

MUSTARD gas is another that the 
ideal gas must compete with in 

effectiveness. The fatal dose to the lungs 
is between .006 and .2 of an ounce per 
thousand cubic feet of air, depending 
on the time the victim is exposed. The 
eyes may be injured by con­
centrations as weak as 1 part 
in 14,000,000, but this, of 
course, is on long exposure. 
The odor of mustard gas is 
perceptible in concentrations 
as low as one part of the 
agent in 10,000,000 parts of 
air, and yet burns on the 
body have been caused by 
sitting on ground contamin· 
ated with traces of the sub­
stance 'Where no odor was ob­
served. 
It should be noted in con­

nection with the foregoing 
1"Der Chemische Krieg"-by Ru­
dolph Hanslian-Berlin, 1927. 
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that the concentration is only one factor 
that influences the production _ of a 
casualty. The length of time of ex'posure 
is also of prime importance. 
The effectiveness of the compound in 

small concentrations, however, is only 
the first of our requirements for an 
ideal war gas. There is still a long way 
to go. Our ideal agent must next be 
difficult to protect against. It should be , 
able to penetrate the enemy's protec­
tive equipment or at least tax it severely. 
Every modern nation now hall' de­

veloped first-class protection a�ainst 
gas. If the hypothetical new gas cannot 
penetrate this protection, it is valueless 
unless surprise can be effected' and the 
soldier caught without his anti-gas 
equipment completely adjusted. This is 
not going to be an easy matter in the 
future, considering the great lengths 
to which the nations of the world are 
going in their training of men in de­
fense against gas. True, there is a 
definite advantage in forcing the other 
fellow to mask, but already we have 
plenty of agents that will accomplish 
that purpose cheaply and well. 

THE new gas must do more than 
cause masking. It should attack all 

parts of the body-that is, it should be 
a combination lung, eye, skin, and nose 
irritant. Here again it must compete 
with mustard gas which, in both the 
vapor and liquid state, affects the lungs, 
eyes, and skin. The property of vesicant 
action on the skin was one of the prin­
cipal reasons that mustard gas came 
into use. Practical protection from 
head to feet is not easy to obtain. In 
order that a soldier be safe against a 
spray of liquid mustard gas from the 
air he must be encased in some sort of 
impermeable garment which, of course, 
would be uncomfortable to wear and 
impossible to fight in for more than a 
few minutes. 
If the new gas does not affect all parts 

of the body, it should be able to break 
through the mask. To do this, it must 
be unreactive. In other words, it should 
not combine readily with other mate­
rials. Moreover, it should not be adsorb-

Mechanized chemical mortar unit 
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Livens gas projector emplacement 

ed easily by activated charcoal, the 
important material of the gas mask can­
ister, and should not be held back by 
the smoke filter that removes small solid. 
or liquid particles_ The more unreactive 
a gas, the more difficult it is to find 
something to prevent it from passing 
through the gas mask canister_ Although 
chlorine, the classical war gas, is highly 
toxic, it is an extremely active chemical 
and combines readily with many other 
chemicals. Consequently, it has always 
been an easy matter to protect against 
it_ A cloth pad saturated with washing 
soda will filter it out of the air_ Chlor­
picrin ( PS ) , another war-time agent, 
will remain a threat in war because it 
taxes protective equipment. Only the 
best gas mask will remove high con­
centrations of chlorpicrin, which is a 
comparatively unreactive chemical. The 
ideal gas, therefore, must be unreactive 
and should affect all parts of the body. 
Thus, to be completely protected, the 
man would have to wear a mask that 
would keep out the gas and provide 
oxygen to sustain life, and impermeable 
garments that would encase him from 
head to foot. 

PERHAPS in some test tube such a 
material exists, but the jump from 

the test tube to large-scale production 
is a hurdle that has thrown a number 
of chemicals. Your war .gas must be 
easily manufactured in large quanti­
ties. Although it may take only three 
drops of a substance to kill a man, it 
may be necessary to use a ton in order 
to assure that the three drops reach the 
victim. 

The sensationalists delight in describ­
ing how a few airplanes equipped with 
chemical bombs or spray could wipe out 
cities. Of course, it is absurd. A plane 
might carry enough poison in one tank 

to kill every individual in a city if each 
molecule of the poison could reach its 
target-but that's the rub. Most of it 
will never reach a human being. It's 
like putting salt on a bird's tail. There­
fore, to assure that enough of an agent 
reaches a target, hundreds of pounds 
of it must be used j ust as hundreds or 
thousands of H. E. shells must be fired 
to cause a few casualties ; although 
pound for pound the gas has a wide 
advantage over the high explosive in 
putting men out of action. 

In any event, no matter how powerful 
the gas, great quantities of it must be 
available. The fact that the chemist is 
able to produce a few pounds in the 
laboratory does not mean that the chem­
ical engineer can turn the substance out 
by the ton. It is a long and laborious 
task to find a reliable and practical 
method for manufacturing some chem­
icals in quantity. During the World War 
the Germans manufactured about 5000 
tons of mustard gas and toward the 
end of the war were turning it out at 
a rate of over 66,000 pounds per day: 
The Allies knew how to make mustard 
gas in the laboratory long before the 
Germans used it. In fact, it has been 
reported that the British had considered 
it as a war gas in 1916. It was nearly 
a year after the Germans first used it, 
however, that the Allies were able to 
reply in kind with mustard gas of their 
own manufacture: 

A complicated. process of manufac­
ture means generally an expensive 
process. Special equipment is costly. 
One of the requirements of a war 
material is that is shall be cheap.'This 
applies to all munitions. If the explosive 
or the gas is too expensive, something 

2"Die Chemische Waffe in Weltkrieg" by Dr. 
Ulrich Mueller-Berlin, 1932. 
'''Chemical Warfare"-Fries and W est, N. Y., 
1921. 
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else must ta�e its place. Expense is no 
small factor; Money is one of the im­
portant sinews of war ; it may flow like 
water in war time, but there is a limit 
to spending even then. Given two agents 
reasonably close to each other in per­
formance, the less expensive of the two 
will be used. The Germans had an ex­
cellent gas in superpalite, a compound 
having about the same toxicity as phos­
gene. During the war we were unable 
to make it in quantity so that it could 
compete in price with what we already 
had, so we never used it, although in 
many ways it was superior to phos­
gene: Our ideal gas will not be of  much 
use to us if it proves to b� too costly. 
It is a cold-blooded fact, but none the 
less true that creating casualties is a 
dollars-and-cents proposition. 

Regardless of  expense, however, the 
military chemist, in constructing a new 
compound, is limited also to raw mate­
rials that are easily procurable in the 
homeland. Strategic materials-those 
that come from overseas and the supply 
of which depends upon transport facili­
ties and the ability of the Navy to keep 
the sea lanes open-are barred as build­
ing blocks. Similarly, critical materials 
for which there is a big demand in the 
manufacture of other essential war 
products, should not be used as raw 
materials for the ideal war gas. We are 
especially fortunate in this country in 
our raw materials, for th�re are very 
few that enter into war-gas manufacture 
that we do not have immediately avail­
able. Some few, not important at pres­
ent, are limited in amount. If, for exam­
ple, by some stretch of the imagination, 
it should be found that nickel carbonyl 
has some use as a war gas because of the 
fact that it will decompose to produce 
carbon monoxide, we would have diffi­
culty in getting enough nickel, which is 
not obtained in quantity within the 
United States. We would, perhaps, avoid 
iodine compounds since large amounts 
of the raw material, iodine, are not im­
mediately available. 

England had trouble in getting bro­
mine to use in making tear gas, so in­
stead adopted an iodine compound, ethyl 
iodoacetate. At the time her supply of 
iodine was greater than that of bromine. 
Since the war, processes of  making 
bromine from sea water have increased 
the availability of that element. 

WITH our tremendous natural re-
. sources, we are not likely to be re­

stricted materially by raw materials in 
our choice of a combat chemical, but we 
cannot overlook the requirement of 
availability in making that choice. It 
would be very sad to base plans upon 
a compound only. to find that a com­
ponent needed in the manufacture was· 
missing at a critical moment. 

Besides the essential requirements 
already discussed, all of which must be 
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met by any chemical agent, there are 
several more which are highly desirable, 
and in which the . ideal agent certainly 
must qualify. The war gas should be 
easy to transport. If a true gas, for 
example, it should be easily liquefiable. 
If the gas cannot be reduced to the 
liquid state readily, it would be well 
nigh impossible to transport enough 
up to the point of discharge to make an 
attack worth while. Enough chlorine 
never could have been brought up to 
the trenches to produce the great cloud 
gas attacks that were made on the 
Western Front by both Allies and Cen· 
tral Powers if it were not possible to 
reduce it to the liquid state and confine 
it as a liquid in metal cylinders. Carbon 
monoxide has many qualities which 
would make it an ideal war gas, but it 
is practically impossible to liquefy. It 
would tax the transport facilities of an 
army to the breaking point to get 
enough carbon monoxide forward. It 
cannot be carried in light balloons. It 
must be confined in heavy metal con­
tainers and these represent dead weight 
ineffective in the attack. 

The transportation problem is a hard 
one in war and anything that compli­
cates it is serious. The war gas not only 
should be compact, but it should be 
safe to transport. Anything that is 
difficult to confine, that leaks, that cor­
rodes the container, is undesirable, al­
though these defects do not necessarily 
rule an agent out of consideration. Cor­
rosion, however, is a factor which 
limits the value of a material. Some 
chemicals cannot be confined in metal 
since they react to destroy the metal 
and in so doing are changed themselves. 
Brombenzylcyanide (CA)  is an exam­
ple of such a chemical. Since it corrodes 
steel and iron and thus loses its effect, 
it cannot be filled into ordinary shells 
as is possible with mustard gas, but 
must be contained in special glass or en­
amel·lined shells. The German T-stoff 
had similar properties and was placed 
in lead containers which fitted into the 
shells. This, of course, is undesirable 
since shell manufacture is complicated, 
expense is greater, and the weight of 
shell is increased. 

STABILITY is another requirement 
that must be taken into account. A 

combat chemical is valueless if it breaks 
down into harmless or less effective 
compounds from the shock of explosion 
when fired, or if it will not stand up un­
changed upon long storage. National 
defense requires that stocks of war 
materials be held in war reserve so 
that they may be immediately available 
in an emergency. There should be 
enough munitions on hand when a war 
starts to take up the slack before manu­
facturing production can meet the de­
mands of the armed services. 

The nation that has adequate war 
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stocks is not likely to have to fight. A 
good war reserve is excellent peace in­
surance in spite . of  all that our pacifist 
friends may say to the contrary. A 
chemical war reserve, however, demands 
very stable chemical agents. Hydrogen 
cyanide often has been suggested as a 
war gas. One of the objections has been 
that it is not stable enough .. Again, the 
ideal competes with mustard gas, which 
is highly stable. I have seen cylinders 
of war· time mustard gas opened re­
cently ; the agent was found to be un­
changed since being placed in the cylin­
der in 1919. 

Both hydrogen cyanide and carbon 
monoxide fail to meet ideal require­
ments in another respect. They are not 
heavier than air. A war gas must stay 
close to the ground when fired. Gases 
that are lighter than air are likely to 
be dissipated before they can accom­
plish their mission. True, the two cited 
are not much lighter than air, and if 
they met all other specifications would 

. still be useful although they do fall 
short of the ideal in not being heavier 
than air. 

So, finally, we are approaching the 
end of our requirements. If a chemical 
agent is found that combines all of the 
qualities enumerated, it will be ex­
tremely useful in war, useful' enough 
perhaps to decide the issue for us ; but 
for it to be perfect, there is one more 
hurdle. The ideal war gas should be 
difficult to detect. It should be colorless, 
odorless, and tasteless. I can think of 
only one substance that might possibly 
be used in war that meets this last re­
quirement. That is carbon monoxide, 
which has no odor, no color, and no 
taste. Here again mustard gas makes a 
plea for attainment of the ideal. It can­
not be detected by color in the vapor 
state, and in spite of its strong odor, it 
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has the property when breathed for a 
minute or so of destroying temporarily 
the sense of smell. The smell organs 
become fatigued and the ·  odor is no 
longer detected after a few breaths. We 

. can't quite accept that as meeting spec­
ifications, but it is a good try. Mustard 
gas will continue to b'e used. 

The quest for a perfect chemical 
combat substance, however, is only one 
of the many problems confronting th� 
chemical warfare research establish­
ments. The development of adequate 
protective equipment and the develop­
ment of suitable munitions and weapons 
for the dispersal of the war chemicals 
are equally important. All · these reo 
searches go hand in hand. The field is 
a large one, yet it represents only a part 
of a much larger field-the maintenance 
and development of the entire system 
of national defense. No nation may neg­
lect any part of its scheme of defense 
without endangering the whole. The mil­
itary problems are so many and so 
varied that the quest for the perfect gas 
may only receive its proportionate share 
of attention as determined by supreme 
military authority. 

The specifications for the perfect 
war gas should convince us that perfec­
tion is the unattainable ideal. Progress 
will be made, and new and more effec­
tive compounds doubtless will be dis­
covered, but, considering the many reo 
quirements that have been enumerated, 
we need not be alarmed at sensational 
reports of a new gas that will blot out 
civilization. 

• 
« Can battleships be driven by gangs 
'II.,. of Diesel engines of the size used 
in motor trucks or buses? A discussion, 
scheduled for January, says yes-pro­
vocatively I-The Editor. 

Firing a battery of gas projectors. Note cylinders in air 



Another Step Toward 

HIGHWAY SAFETY 
A Planned Express-Way . . .  Overhead Cro ssings ... 

Pedestrian Subways and Overpasses ... An Example 

Worthy of Attention by City Planners Elsewhere 

By E A R L E  D U F F Y  

I T is to be just one street with 
five traffic lanes, yet St. 
Louis' new express-way will 

carry two and a quarter times 
as many vehicles as the ordinary 
wide boulevard. The new artery, 
a part of a super-highway 38 
miles long, will demonstrate, 
claim its builders, that motor 
travel can be made safe as well 
as rapid. The project is being 
watched with interest by other 
cities, cursed, like St. Louis, with 
traffic troubles. 

Three and a half miles of this 
new highway leading to down­
town St. Louis is within the city 
limits. One mile of the artery is to be 
depressed, with cross streets carried 
overhead. Not a single street intersection 
at grade level will be encountered in the 
section within the city. Four special 
pedestrian subways and overpasses and 
one equestrian subway are the finishing 
touches that make this a roadway really 
designed for the automobile. The proj ect 
is well under way, and work will con­
tinue throughout the winter. 

The wide right-of-way for the de­
pressed section, cut right through where 
homes, apartment buildings, and shops 
once stood, will permit of gently sloping 
banks along the highway, which are to 
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Left: One of the entrances 
to a pedestrian subway 
along the new express 
highway. Below: Two 
miles of the highway have 
been cut through a city 
park. The sloping banks 
will be landscaped. Lower 
right: A highway grade 
separation that is typical 
of the structures which will 
carry cross streets saf el y 
over the new express-way 

be sodded and land­
scaped. 

The entire project is 
called Traffic Relief 40 
which extends westward 
38 miles from downtown 
St. Louis, to connect with 
U. S. 40 and U. S. 61.  
At the edge of the city 
two miles of an existing 
five-lane highway will be 
utilized. Then comes 13 
miles of four-lane con­
crete and six miles of 
three-lane pavement, all 
over new right-of-way. 

This carries the road to the , Missouri 
River where a new bridge will be built. 
The road then continues three lanes 
wide to Wentzville. All busy intersec­
tions will have highway gr

'
ade separa­

tions. 
The express-way crosses Missouri 77, 

a wide belt· line highway that encircles 
the city five miles out from the city 
limits. Consequently the express-way 
will be of great utility to tourists and 
through travelers. They may approach 
the city on any one of the several roads, 
strike the belt road and follow it to the 
express-way. This will carry them to 
downtown St. Louis in a few minutes, 
as against the 45 minutes now required 
over the devious routes that must be 
followed. 

The express highway is the only one 
of its kind outside the New York City 
area. There, a depressed highway leads 
from the Holland Tunnel through J er­
sey City. However, that a city of the 
size of St. Louis, less than a million 

population, should build such a 
modern artery leads to the con· 
jecture that other cities, both 
larger and smaller, may soon 
embark on proj ects of a similar 
nature. St. Louis engineers have 
expressed the opinion that only 
through the construction of 
elevated or depressed roadways 
can real driving comfort and 
safety replace the widespread 
congestion with its attendant 
dangers which are so character­
istic of many of the so-called 
"super" highways that have been 
built during the past few years, 
and are still being built. 
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The Trade Mark Scarecrow 

NOT all pirates are on the high seas. 
Not all the racketeers are to be 

found in the kidnapping and bootleg­
ging business. In fact, the once infant 
racket has grown to such a stature in 
our modern commercial world and has 
raised such a family of not-so-little 
brothers that today rackets are to be 
found in the most unexpected places. 

One of these big brother rackets now 
stalks the halls of our various State 
Legislatures. It has been aptly named 
"The Registration Racket." 

For the trade-mark owner engaged 
in interstate commerce, Federal regis­
tration of trade marks is desirable. 
Registration, particularly under our 
Federal Trade Mark Act of 1905, is 
highly advisable. Such registration has 
many benefits. A certificate of registra­
tion under the Law of 1905 is prima 
facie evidence of ownership. It gives 
the registrant the rights to sue in Fed­
eral Courts regardless of diversity of 
citizenship. By taking advantage of the 
provisions of the Law of 1905 a regis­
trant may prevent the importation of 
goods bearing infringing marks. Other 
procedural advantages are likewise to 
be gained by Federal registration. 

. What is not realized, however, and at 
times only vaguely understood, is that 
ownership of a trade mark in this coun­
try arises out of use and not out of 
registration. In South America and 
some of the European countries, the so­
called Continental system is in effect 
which makes registration a prerequisite 
to ownership and results in a race for 
registration and permits piracy of trade 
marks by unscrupulous competitors and 
others who register marks in the ex­
pectation that the otherwise rightful 
owner will be forced to buy them off 
by purchasing the registration. 

The trade-mark racketeer favors 
some such system. He is not interested 
in advocating Federal registration. That 
means but one registration. He would 
like to multiply his "service" by forty­
eight. So he advises registration in all 
of the States-he, of course, to handle 
the business of securing registrations. 
Owners of trade marks are approached 
and advised that they will lose their 
rights to others unless they register in 
the individual states. 

The self-styled trade-mark service 
specialist is rarely ever a lawyer or 
patent attorney. He comes as close, 
however, as he can to the unlawful prac­
tice of the law, trying always to keep 
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within bounds but frequently overstep­
ping the legal limits. He sometimes con­
ducts an advertising campaign filled 
with misleading statements. He usually 
begins by falsely representing that 
trade-mark ownership may be created 
under existing state statutes by state 
registration. He frequently resorts to 
intimidation-the usual weapon of the 
racketeer. He advises as to the legal 
effects of statutes and decisions-per­
haps "misleads" would be a more accu­
rate word. Many good and valid trade 
marks have been registered, of course, 
in the various states but their validity is 
predicated upon wholly collateral facts. 

The trade-mark owner is becoming 
educated. Much has been written re­
cently on this subj ect. The Association 
of the Bar of the City of New York, as 
early as 1929, published a bulletin pre­
pared by the Association's then Com­
mittee on Trade Marks and Unfair 
Competition entitled "Warning against 
misleading advertisements of Trade 
Mark Specialists." As late as December 
of 1934, the current Committee of the 
Association republished this bulletin. 

Recognizing that trade-mark owners 
are gradually coming to the realization 
that existing state statutes do not sup­
port the extravagant claims made for 
them, our self-styled specialists deter­
mined upon a bold move and almost car­
ried it out. In certain states they have 
fostered and vigorously supported pro­
posed new trade-mark legislation which 
had been recently introduced as reve­
nue measures. These proposed bills 
would make registration in a given state 
the sole determinant of ownership in 
trade marks. Consequently, the first to 
register would become the owner of the 
mark within the state in question re­
gardless of whatever might be the prop­
erty rights of others in, the next state 
or elsewhere. 

These bills propose to set up elabo­
rate machinery comparable to the pro­
cedure · followed in connection with the 
registration of trade marks in the 
United States Patent Office. In these 
times of financial stress, frantic law 
makers seeking to add to the states' 
revenues have listened attentively to 
any means which will provide addi­
tional and sorely needed funds. How­
ever, as this is being written the jokers 
in the deck have been discovered and 
Maryland, Nevada, New Jersey and 
New York have apparently rej ected 
bills of this nature which had been pro­
posed. 

It is to be hoped that the legislatures 
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of other states, in addition to those 
named, will take similar action in re­
fusing to enact such vicious legislation 
and that trade· mark owners will not 
permit themselves to be unduly alarmed 
by those who advocate this bugbear of 
state registration. 

Agricultural Imports 

ASTRANGE thing has been happen­
ing to our foreign trade. While 

the United States has been recaptur­
ing certain markets abroad-notably in 
Pan-America, as discussed some months 
ago in these columns-we, too, have 
been captured. With our backs against 
our tariff wall which functions to re­
strain much of the trade that is  most 
proper for us, we have been content to 
sit and smugly contemplate the opera­
tion of experiments which seem but to 
encourage "improper" trade. The re­
sults are startling. 

For the first eight months of 1935, 
the excess of exports over imports was 
27,277,000 dollars as compared with 
259,124,000 dollars in the same period 
of 1934. But that is not the worst. Im­
ports of food products, of which there 
should be adequate supplies from our 
own vast farms, have risen at a shock­
ing rate while exports of the same com­
modities have fallen. Here are a few 
samples : 
IMPORTS 1935 1934 
Wheat ( bu . )  9,801,715 557,603 
Lard ( etc. ) 10,758,779 147,361 
Butter ( lbs. ) 21 ,826,263 436,695 
Corn ( bu. ) 31 ,822,886 371 ,731 
Canned Meat 49,770,402 26,215,757 

EXPORTS 1935 1934 
Wheat ( bu . )  142,173 1 6,618,769 
Lard ( etc. ) 86,235,889 369,604,047 
Butter ( lbs. ) 500,881 965,776 
Corn ( bu. ) 154,307 2,122,1 14 
Canned Meat 9,1 15,899 1 1 ,049,454 

Of course we have done somewhat 
better with other commodities but the 
above figures tell a significant story. 
Most people believe there should be a 
natural exchange of goods between na­
tions-each nation exporting what it 
can best produce and importing those 
products it lacks or cannot make. In the 
United States, there should be no dearth 
of agricultural and dairy products. The 
reader may, therefore, draw his own 
conclusions from the figures quoted 
above. It would, indeed, be bitter irony 
if the farmers, traditionally inimical to 
the protective tariff, should suddenly 
raise a howl for a tariff to protect their 
farm products so they can continue cut­
ting production and raising prices ! 
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ENERGY FROM MATTER 
By E. U. C O N D O N  

Associate Professor of Physics, Princeton University 

THAT the readers of this 
magazine desire the inclu­

sion of at least some stiffer, less 
elementary articles than those 
which have appeared in the past 
few years was clearly indicated 
by the enthusiastic response to 
our "feeler" for reader reaction 
which accompanied Professor 
Condon's article in the August 
number. Except for two nega­
tive votes--one from · a Mis­
sourian who said it was then too 
hot to think very hard, and one 
from a man who asked us, in­
stead of articles on physics, to 
publish articles by G_ B. Shaw 
( ! )  --every letter contained 
highly favorable reaction to the 
inclusion of harder articles in 
the magazine, and we take this 
opportunity to thank the writers 
of many valued and detailed 
comments on the magazine's 
policies for their letters. Next 
month there will be a third 
article by Professor Condon. 

-The Editor 

THIRTY years ago Einstein an­
nounced the principle that mass 

. and energy are equivalent. That is, 
the more energy a body contains, the 
greater its mass or inertia. The amount 
of energy equivalent to a given mass, he 
said, is obtained by multiplying the 
mass by the square of the velocity of 
light. This means, since that velocity is 
3 X 1<1'0 centimeters per second, that 
one gram of matter is equivalent to 
9 X 1020 ergs of energy. 

On this view matter is a latent or 
"frozen" form of energy. If we could 
convert the energy into a useful form 
like kinetic energy or heat energy or 
electrical energy, enormous quantities 
would be available from small amounts 
of matter. All this has been the obj ect 
of much speculatiye peering into the 
future, sometimes with pretty fantastic 
results. Instead of doing that, let us re­
view carefully j ust what sort of evidence 
has recently come to light showing that 
Einstein's principle is correct. 

Before doing so, however, let us first 
get a better idea of the amount of en­
ergy frozen in matter in terms of more 
familiar units than the gram and the 
erg. There are 453 grams in a pound, so 
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conversion of a pound of matter into 
energy would give 4.07 X lif' ergs of 
energy. The erg is a very small unit : 
there are 3.6 X 1013 ergs in one kilo­
watt-hour. Dividing out we find that the 
energy latent in matter is 1 1 .3 billion 
kilowatt·hours per pound. This is more 
than a billion times greater than the 
energy made availa�le by the burning 
of fuels. A typical value of the heat 
available in burning petroleum prod­
ucts is only 6 kilowatt-hours per pound. 

The relative smallness of the energy 
change in combustion, and other chem­
ical reactions, accounts for the negative 
result of all experiments in which at· 
tempts were made to detect a change in 
weight o f  the substances transformed 
in a chemical reaction. As the energy 
change on combustion is only about a 
billionth of the whole latent energy, the 
change in weight in going, say from 
gasoline plus oxygen to the combustion 
products carbon dioxide and water, will 
amount to only about one part in a bil­
lion. No known methods of weighing 
can be carried out to this precision, so 
it is hopeless to try to check Einstein's 
principle in this way. 

FROZEN or unavailable energy al­
ways excites popular imagination, 

since the unavailability is a challenge to 
everyone to make it available. It is easy 
to think of other vast quantities of un· 
available energy, but these are not in 
such a concentrated form as that latent 
in a mass of matter. For example, if 
one could slow down the earth's rota­
tion on its axis so that the day became 
only one-billionth of a second longer 
than it now is, the energy would be 
diminished by 1 ,240,000,000 kilowatt· 
hours. This is comparable with the en­
ergy latent in an ounce of matter, hut 
this energy is spread out over the whole 
mass of the earth : it is an attribute of 
6 X 10'" tons of matter instead of one 
or two ounces. Think of the difference 
in concentration ! 

Such playing around with the con­
version factor between mass and energy 
may provide striking examples of the 
vastness of the energy content of mat­
ter, but it tells us nothing about how 
to release that energy. What we have 
now to consider is the experimental evi­
dence for the reality of the conversion. 
As yet there is no recorded instance in 

which the whole mass of an atom was 
converted into energy of motion or of 
radiation. The amount of energy asso­
ciated with the motion of individual 
cosmic ray particles is about right to 
correspond to such processes, however. 
This naturally gives rise to the specula­
tion that cosmic rays originate in this 
way, and stimulates investigation con­
cerning cosmic rays. But, so  far, noth­
ing is known about how they originate. 

The kind of evidence we have for 
mass-energy conversion is based on the 
energy changes involved in the atomic 
transformations studied in nuclear 
physics. In these the total mass of the 
products may fail to check with the 
total mass of the initial atoms by about 
one part in a thousand. These very 
small mass changes have then to be 
correlated with the energy changes oc­
curring, to see whether a diminution in 
mass means a gain in energy and vice 
versa-and, of course, to see whether 

MICA WINDOWS 
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Figure 1. Arrangement by which 
Dee and Walton used a cloud cham­
ber to photograph tracks made by 
high energy alpha particles pro­
duced when a lithium target is 
bombarded by protons. The protons 
are produced in a discharge tube, 
only the lower end of which is 
shown in the diagram. They pass 
down the flexible sylphon tube and 
strike the target inside the cloud 
chamber. There protons and lith­
ium nuclei combine to form two 
helium nuclei which rush out 
through the mica windows into the 
cloud chamber. The bottom of the 
chamber is a piston which can be 
suddenly expanded, causing the 
moist air in the chamber to cool. 
This makes water droplets form on 
the ions formed in the moist air by 
the fast helium nuclei, thus render­
ing their tracks visible. The top of 
the chamber is of glass and the 
tracks are photographed from above 
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How Einstein's Principle is Verified Stu­

pendous Energy Reveal ed But Unavail­

able Because of Low Efficiency of Transmutation 

the conversion factor between mass and 
energy is that given by Einstein. 

Evidently this calls for very precise 
measurement of the atomic masses and 
a close analysis of the energy changes 
involved. Although recent research has 
provided numerous examples in which 
these mass·energy conversions are stud­
ied, let us confine our attention to one 
specific case in the interests of clarity. 
We consider the atomic transmutation 
that is symbolized in the equation 
Lo7 1 4 4 + . . 

13 + H, � He2 + He2 kmehc en-
ergy. This has recently been studied 
very carefully by Oliphant, Kempton, 
and Rutherford in the Cavendish Lab· 
oratory at Cambridge University in 
England. 

THIS abstract equation refers to what 
happens in an experiment of the 

following sort : A vacuum discharge 
tube is arranged which contains an elec­
tric arc burning in hydrogen at one 
end. In this arc hydrogen molecules are 
dissociated into electrons and protons. 
The proton is symbolized by H: in the 
equation, H being the chemist's symbol 
for hydrogen, the subscript 1 meaning 
that the particle has unit electric charge 
( same as that of an electrori ) and the 
superscript 1 meaning that its mass is 
approximately 1 .  (We shall have to 
speak of the exact mass later. ) The end 
of the tube containing the arc is put 
at a positive potential of several hun­
dred thousand volts with the aid of an 
auxiliary power supply. The other end 
of the tube is placed at ground potential 
and in it is placed a small target of 
lithium, atoms of which are symbolized 
in the equation by L�, since the lithium 

Figure 2. A large number of the 
tracks of fast alpha particles as ob· 
tained with the apparatus diagram­
med in Figure 1. The black area in 
the center from which the tracks 
radiate is the end of the discharge 
tube which contains the target 

nucleus has three positive charges and 
a mass approximately 7. 

Under the influence of the electric 
field applied to the tube a current of 
the positive hydrogen ions is drawn out 
of the arc and accelerated down the 
tube. With suitable design the ions of 
hydrogen will be kept focused in a 
narrow beam and can be made to strike 
a target less than a quarter of an inch 
in diameter. The energy of motion ac­
quired by the ions can be simply cal­
culated from the known voltage used 
to accelerate them and their charge. 

Striking the target, most of the hydro· 
gen ions go into the lithium and lose 
their energy in encounters with the elec­
trons in it without getting close enough 
to the nucleus of a lithium atom to have 
any effect. This is because the distance 
apart of the nuclei is some 10,000 times 
their size, so the chances of a direct hit 
are very small. This accounts for the 
low efficiency of the process being stud­
ied-if a way could be found to take 
aim at individual nuclei instead of fir· 
ing at random, the study of these pro­
cesses would be greatly simplified. 

WE are interested only in the small 
number of the high speed protons 

which do make direct hits. They mix 
intimately with the internal structure 
of the lithium nucleus for a time es­
timated at 10-2' second ( since they move 
with a speed of 10· centimeters per 
second and the nucleus is only 10-'2 
centimeters in diameter ) .  The stuff is 
there to make a nucleus having a charge 
of 4, so it would be beryllium, having 
a mass approximately 8. But this kind 
of beryllium atom is unknown-the kind 
occurring in nature is of mass 9. So, 
instead, the intimate mixture of Li: 
and H: stuff falls apart, giving two 
nuclei of helium of charge 2 and mass 
approximately 4 each. Being both pos­
itively charged they repel each other, 
are set in rapid motion, and so rush 
apart with kinetic energy. 

How do we know this ? In several 
ways. The high speed helium nuclei, 
commonly known as alpha particles, 
have enough energy to penetrate thin 
windows of mica placed near the target 
in the discharge tube. If the windows 
are surrounded by a Wilson cloud cham­
ber then photographs may be made of 
the ionization tracks made by the alpha 
particles as they go through the cham­
ber. This was done in Cambridge by 
Dee and Walton. Figure 1 is a line 
drawing of the apparatus near the tar-
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Figure 3. This is a photograph 
similar to Figure 2 except that the 
proton current was made m{.ch 
weaker to avoid getting a large 
number of tracks in one picture. 
In this way it is found that the 
tracks always come in pairs going 
in opposite directions from the 
source, corresponding to the forma­
tion of two fast moving helium 
nuclei when lithium is bombarded 
with hydrogen ions of high energy 

get end of the discharge tube and Fig­
ure 2 is a beautiful example of a photo­
graph obtained in this way. Here we 
see many tracks produced by the alpha 
particles which have started at the tar­
get and passed out into the chamber 
through the thin mica windows. In 
Figure 3 we see another photograph of 
the same kind with but two tracks. 
These are due to two alpha particles 
which undoubtedly were formed in the 
same disintegration process and rushed 
out simultaneously in opposite direc­
tions. Actually this second picture was 
taken with the new heavy hydrogen sup­
plying the ions for bombardment of 
lithium, and corresponds to transforma­
tion of the lighter isotope of lithium of 
mass approximately 6 by the reaction 

6 2 4 4 Li. + H, � He. + He, + kinetic en-
ergy. The alpha particles formed this 
way have considerably more energy 
than those formed in the reaction we 
have been considering,--that the tracks 
are shorter in Figure 3 than Figure 2 is 
due to the fact that in making figure 3 
thicker windows were deliberately used 
to slow down the particles and keep 
their whole path within the camera's 
field of view. 

FROM the length of the track the 
kinetic energy of the alpha particles 

is obtainable, allowance being made for 
the stopping power of the thin windows. 
The relation between track length or 
range and energy is known from other 
experiments made with alpha particles 
from naturally radio-active substances. 
There are other, more accurate, ways 
of measuring the range than from the 
cloud chamber photographs, and with 
one of these Oliphant, Kempton, and 

. Rutherford found the range of the al­
pha particles to be 8.29 ± 0.03 centi­
meters in air, which corresponds to an 
energy of 13.7 microergs ( millionths of 

(Please turn to page 339 ) 



By W I L L I A M  H. E A S T O N, Ph.D. 

Photo by Ewing Gul loway 

man could not see what 
was going on. Then 
someone moved aside, 
and he caught sight of 
a tiny form lying on 
the bed with a little 
mask on its miniature 
face. One of the fire· 
men was working over 
it, and the other was 
beside the bed, busy 
with the apparatus they 
had brought. The doc· 
tor, catching sight of 
the young man, closed 
the door. 

Smoke is poisonous, but firemen can't keep away 
from it. Hundreds are felled by smoke each year 

Five minutes-ten 
minutes-passed in si· 
lence. Then the listen· 

WITH siren screaming, a red fire 
department automobile dashed up 
the street and came to a sudden 

stop before a small apartment house. 
Two husky firemen, bearing something 
that looked like a suitcase, sprang from 
the car and disappeared into the door· 
way. 

A crowd collected at once and, gazing 
excitedly at the windows of the house, 
waited for the crash of glass and the 
tell·tale streamers of smoke. 

But nothing happened. No smoke, no 
fire, no further excitement. Presently 
the firemen reappeared, and their car 
bore them out of sight. 

"False alarm ! "  muttered the crowd. 
disappointed. 

But it wasn't a false alarm. 
In one of the apartments of the bouse 

which the firemen entered, a young man 
had been sitting beside a closed door, 
listening, with nerves strained to the 
utmost, for the thin, high·pitched wail 
that announces a new life. 

Unexpectedly, the door was flung 
open, and a man thrust his head out. 

"Call Greenwood 6.4322, quick ! "  he 
commanded. "Tell them to hurry here 
-baby case ! "  

"But doctor-" said the young man. 
"Step on it ! "  shouted the doctor and 

slammed the door behind him. 
It was that call that had sent the 

red car flying through the streets and 
brought the firemen pounding up the 
stairs. 

Without a word, the physician mo· 
tioned to the newcomers. Without a 
word, they entered the bedroom. 

For a moment, the bewildered young 
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er heard the doctor's voice. "Okay, 
boys," he said, "that's done it." 

The door opened, and the doctor 
called, "Come in, Mr. Brown, and thank 
these men. They have saved your son's 
life. " 

JOBS like this are all in the day's 
work of every well· organized fire de· 

partment. Daily, all over the country, 
specially trained firemen are answering 
just such calls-calls for the breath of 
life. Sometimes it is to help a new· born 
baby start breathing properly. Some· 
times it is  to revive victims of illuminat· 
ing gas, drowning, or electric shock. 
Sometimes it is to ease the distress of 
those suffering from pneumonia, asthma, 
and other suffocating diseases. These 
men of the rescue companies of the Fire 
Departments have the breath of life, 
and it is freely at the service of anyone 
needing it. 

Many others are now also rendering 
this service. Every modern hospital has 
the necessary apparatus. In most of the 
larger cities, including New York, the 
police departments take care of the rna· 
j ority of calls of this nature. Every· 
where, electric light, gas, oil, and other 
industrial companies have trained and 
equipped rescue squads which are ready 
to serve the public in case of need. But 
for the country as a whole, reliance is 
placed chiefly on the fire departments 
for the equipment, the trained person· 
nel, and-perhaps most important of 
all-the rapidity of action that is vital 
when someone is dying for lack of air. 

Statistics for the country as a whole 
are lacking, but a medical official of the 

New York Police Department has esti· 
mated that about 12,000 die a'nnually in 
the United States from suffocation due 
to drowning, gas poisoning, electric 
shock, and so on, and that ' from 40,000 
to 50,000 are rescued from a similar fate 
by the prompt application of remedial 
measures. 

In fact, if there is a spark of life left 
in a victim of asphyxia, and he is not 
otherwise seriously injured, the chances 
are better than 10 to 1 that a trained 
rescue squad will bring him around. 

Smoke, to the average citizen, is one 
thing ; to the fireman, it is something 
quite different. The layman, thinking of 
smoke in terms of his experience, con· 
siders it, in itself, relatively harmless ; 
the fireman, as the result of his experi· 
ence, knows that any kind of smoke 
may carry a deadly menace. 

A boy, rescued from the burning 
steamship, Morro Castle, thought there 
was something very strange about the 
"bitter, black smoke" that rolled down 
upon him from an upper deck, and he 
is reported as testifying on the witness 
stand that this smoke "did not smell 
like ordinary smoke, not like wood 
smoke at all, but had a peculiar biting 
quality." 

But the evidence presented at this in­
quiry goes to show that this smoke was 
the result of the burning of such ordi· 
nary materials as woodwork, rugs, drap· 
eries, furniture, and bed clothes, so there 
was nothing unusual about it at all. The 
lad was in direct contact with real smoke 
for the first time in his life, and it sur· 
prised him. 

AS a matter of fact, smoke consists of 
.t\. two parts-visible and invisible. 
The visible part of smoke consists of 
exceedingly fine particles of carbon, or 
soot, together with certain tarry and 
oily substances. These particles, sus· 
pended in pure air, form what the aver· 
age person regards as smoke. When 
breathed into the lungs, they are some· 
what irritating but are not asphyxiating 
to any considerable degree. Hence the 
general impression that smoke is not 
particularly harmful. 

But smoke of the kind that rolled 
down upon the boy on the Morro Castle, 
and fills burning buildings, contains in· 
visible gases as well as visible particles 
-and these gases the fireman has good 
reason to dread. Strangely enough, it is 
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only in the past year or two that we 
have gained a clear conception of the 
composition of the gases in smoke. 

On May 15, 1929, a fire broke out in 
a Cleveland hospital where 8500 pounds 
of X.ray films were stored. One hundred 
and twenty· four people died in this ·dis· 
aster, of whom the great majority were 
killed by smoke and not by heat or 
flames. This led' to an investigation of 
the kind of gases given off by burning 
film, and this, in turn, led to a study of 
the gases given off by the combustion 
of a variety of common materials. This 
work was carried out by Dr. John C. 
Olsen and associates, of the Polytechnic 
Institute of Brooklyn. 

In conducting these experiments, Dr. 
Olsen used a small building consist­
ing of a single, asbestos-lined room 
equipped with facilities for 
drawing off gases. In this 
room he burned newspa­
pers, wood, excelsior, gaso­
l ine ,  rubber  insulation,  
woolen goods, and natural 
silk. The gases formed by 
both the slow ( or smolder­
ing ) combustion and the 
rapid burning of each of 
these materials were drawn 
off and analyzed. 

in artificial illuminating gas, in the "coal 
gas" that issues from coal stoves and 
furnaces, and in the exhaust of auto­
mobiles, and it is often given off by im­
properly regulated gas and oil stoves. 

It is difficult to conceive of a more 
insidious enemy than carbon monoxide. 
It poisons us, states Dr. Yandell Hender­
son, of Yale University, in a report to 
the Committee on Poisonous Gases of the 
American Medical Association, because 
it combines over 200 times more readily 
with the red coloring matter of our 
blood than does the life-giving oxygen. 
Hence, when we breathe air containing 
only a few tenths of one percent of car­
bon monoxide, our blood absorbs it eager­
ly and becomes charged with it_ Oxygen 
is then excluded, and we die of  what may 
be called "internal suffocation." 

I 'hoto by Dnna R. Ml!rr l l i  

two highly toxic gases found by Dr. Ol­
sen in the smoke from the burning ,of 
certain common materials-are even 
more poisonous than carbon m6noxide. 
Death may result from a few breaths of 
either. 

In fact, such quantities of hydrocy­
anic acid and other poisons are pro­
duced by burning silk and wool that 
Dr. Olsen emphasizes the special danger 
of inhaling smoke from burning gar­
ments. Many persons, he points out, un­
doubtedly lose their lives at fires be­
cause their clothes ignite and they are 
then enveloped in toxic gases. 

THE moral is-Beware of smoke ! If, 
for example, you find smoke pour­

ing out from behind the door of a clothes 
closet, don't open that door. Clear the 
house of people, and call the fire de­
partment, if possible. If there is no fire 
station in the vicinity, don't attack the 
fire yourself until you have provided 
yourself with plenty of fresh air by 
opening doors and windows, are assured 

of a ready retreat ( and 
preferably by more than 
one route ) ,  and have at 
hand ample facilities for 
extinguishing the blaze. Be 
especially careful not to let 
the smoke envelope you 
when you then open the 
closet door. 

When all of these sub­
stances were burned, Dr. 
Olsen found that the re­
sulting smoke contained ir­
ritants such as acids or 
ammonia, volatile organic 
compounds, many of which 
act as anesthetics, the com· 
paratively harmless carbon 
dioxide, and the deadly car­
bon monoxide. In addition. 

Also, if it is humanly pos­
sible to avoid doing so, 
never rush out into a smoke­
filled hallway. Everyone 
should know that the safest 
plan to follow when caught 
in a burning building is to 
close the door of the room 
you are in and get out by 
the window. If escape this 
way is impracticable, throw 
the window open and make 
as much noise as possible. 

The inhalator supplies a mixture of oxygen and carbon di· 
oxide for use in the treatment of cases of asphyxiation 

"Most people who perish 
in burning buildings die from smoke 
rather than flame," an officer of the New 
York Fire Department told the writer. 

he found in the smoke given off by burn­
ing rubber, woolen goods, and natural 
silk, surprisingly large amounts of the 
most poisonous gases known to man­
hydrocyanic, or prussic acid, and hy­
drogen sulfide. 

As a killer of man, carbon monoxide 
stands at the head of the list of these 
smoke gases. Formed by the incomplete 
oxidation of carbonaceous material (car­
bon dioxide is the complete oxidation 
product ) ,  it is present in the smoke 
of practically all fires. It is also found 

Carbon monoxide is tasteless, odor­
less, and colorless ; we breathe it with­
out knowing it. And usually "carbon 
monoxide gives no warning," says Dr. 
Henderson. "The first effect is often a 
sudden muscular weakness which caus­
es the victim to fall to the floor and 
renders him helpless. Unless he is dis­
covered in time, unconsciousness soon 
follows and then death�" 

This, then, is the gas to which firemen 
are constantly exposed. But hydrocyanic 
acid and hydrogen sulfide-the other 

There is beneficence in this : Death by 
smoke is quick, and, according to Dr. 
Henderson, painless. 

"Of course, firemen understand the 
dangers of smoke and know how to pro­
tect themselves," said the writer, some­
what naively. 

"Protect themselves ! "  was the an­
swer. "Say, listen ! When those boys are 
ordered into a burning building they 

303 



304 

go in, and they stay in until they are 
ordered out-or are carried out. There's 
only one way to protect yourself from 
smoke, and that's something a fireman 
can't do--stay away from it." 

No serious and avoidable risks are 
taken, however. Where the atmosphere 
is known to be too "thick" for human 
safety, trained men with gas masks are 
sent in. 

But firemen do not wear gas masks 
regularly, and a hundred or more are 
overcome by smoke in every large city 
every year. The treatment of these cases 
is one of the routine j obs of the fire de­
partment rescue companies, so they have 
become extraordinarily efficient in this 
service, to the benefit of their public as 
well as their fellows_ 

To aid them in this work, modern 
science has developed an ingenious in­
strument known as an "inhalator." This 
device administers copious supplies of 
oxygen to the victim of suffocation_ 
Some years ago dependence was largely 
placed on mechanical breathing devices 
which pumped oxygen in and out of the 
lungs by applying positive pressure and 
a vacuum alternately. In unskilled 
hands, however, devices of this kind may 
injure the lungs or force fluid into them, 
thereby increasing the chances of pneu­
monia, and their use by laymen is not 
recommended by medical authorities. 
The inhalator, on the other hand, ac­
complishes the desired results without 
the use of moving parts and without 
forcing gas mechanically into the lungs. 
It is accepted for rescue work by such 
bodies as the Accident Prevention Com­
mittee of the American Gas Association 
and the Council on Physical Therapy of 
the American Medical Association. 

THE inhalator as now used is due to 
the work of Drs. Henderson and H. 

W. Haggard, of Yale University. These 
investigators knew that carbon dioxide 
is one of the regulators of our rate of 
breathing. As they point out in their 
book, "Noxious Gases," we breathe more 
rapidly whenever carbon dioxide tends 
to accumulate in our lungs, thereby get: 
ting rid of the excess, and we breathe 
more slowly when the carbon dioxide 
content of our lungs tends to go below 
normal, thereby permitting a normal 
amount to collect. That is why we 
breathe more rapidly after physical ex­
ertion ; we are getting rid of the excess 
of carbon dioxide formed in our bodies 
as the result of our efforts. 

In studying various methods for the 
treatment of suffocation, Henderson and 
Haggard decided to make use of this 
principle and tried the experiment of 
administering oxygen gas containing 
about 7% percent of carbon dioxide to 
carbon monoxide victims. As soon as the 
gas mixture containing carbon dioxide 
enters the lungs, breathing is immedi­
ately stimulated. A patient, who may be 

S C I E. N T I F I C  A ME R I C A N  

just drawing feeble breaths, begins at 
once to breathe more rapidly and deep­
ly, and thus inhales large quantities of 
the life-giving oxygen. 

This mixture of  oxygen and carbon 
dioxide is now universally used in the 
treatment of asphyxia. The inhalator, 
by means of which the gas mixture is 
administered, is a very simple piece of 
apparatus. Its most important part is a 
cylinder containing "carbogen" under 
2100 pounds pressure and equipped 
with a reducing valve and two pres­
sure gages. Rubber tubing connects 
the reducing valve with a collapsible 
"breathing" bag, and a length of flexible 
hose connects the bag with a face-piece 
which can be fastened over the victim's 
nose and mouth. The whole is con­
tained in a small case and is readily 
portable. The equipment is ready for 
instant use, it is easily operated, and it 
is safe in the hands of those without 
medical training. 

When anyone is overcome by smoke 
or gas, he is carried out into the open 
air and wrapped in blankets. The ap­
plication of artificial heat is very de­
sirable, and many rescue squads make 
a standard practice of filling hot-water 
bags from the radiators of their cars 
for this purpose. The face-piece of the 
inhalator is attached to the victim, and 
the gas mixture turned on. 

lf the victim is still breathing, the 
stimulating effects of the gas mixture 
are evident at once. He takes deep 
breaths of the gas and, under favorable 
circumstances, soon regains conscious­
ness. If breathing has ceased, artificial 
respiration is immediately employed, 

"o/hich draws . ,the gases into the lungs 
and stimulates natural inhalation. 

Similar treatment is employed for 
practically alL eases of suffocation for, 
in all, resuscitation depends upon pro­
viding the body with an adequate sup­
ply of oxygen. In cases of drowning, 
suffocation by certain gases, and elec-
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tric shock, where the nerve centers 
controlling the breathing muscles have 
been paralyzed, success is usually at­
tained when the victim starts breathing. 
But with carbon monoxide poisoning, 
the blood is literally saturated with the 
poison, and this must be removed in 
order to insure recovery. Fortunately 
oxygen will displace carbon monoxide 
in the blood stream if it is supplied 
copiously. Hence in such cases, treat­
ment is continued until the blood stream 
is brought back to normal. 

OUR
' 

first line of defense against 
carbon monoxide poisoning, and 

other forms of suffocation, is to teach 
as many people as possible how to apply 
artificial respiration. Experts, naturally, 
are not apt to be around when cases of 
suffocation are discovered, and, quick 
as firemen, police, and physicians are 
to l'espond to emergency calls, they may 
arrive just too late. A few minutes of 
artificial respiration in the interval be­
fore competent help appears may make 
all the difference between life and death. 
As a matter of fact, many people today 
owe their lives to the training in this 
method given to Boy Scouts and others. 

Our second line of defense is the in­
halator. The number of these efficient 
and easily operated devices available 
to tbe public is rapidly increasing, not 
only through regularly organized rescue 
squads but also through industries. An 
ever growing number of industrial com­
panies are standardizing on inhalators 
as part of their "safety-first" equipment. 

Behind all, of course, stands the phy­
sician. Mobilized in time, these three 
defenses are sufficient. Therefore, every­
one should know where, in his com­
munity, he can look for first aid to the 
suffocating-whether to fire department, 
police department, public utility, or in­
dustrial company. Then, in need, he 
should summon that aid first, and then 
call a doctor. 

Saved by "The Breath of Life"-firemen revived by the inhalator 



PERPETUAL ICE 
IN A LAVA BED 

By A. P.  P E e  K 

ONE of the outstanding curiosities 
of the western United States is 
the Perpetual Ice Cave of New 

Mexico, located in a lava bed. The well­
known fact that lava begins its existence 
as a molten mass lends a hint of the 
mysterious to the 25,000 cubic feet of 
solid ice some 60 feet below the surface 
of a geologically recent extrusion of 
lava. Furthermore, the gross volume of 
the ice is apparently the same through­
out the changing seasons. 
For an explanation of the existence 

of this bank of ice, it is necessary to 
go back to the formation of the lava, 
and to keep in mind the natural laws 
of insulating materials and circulation 
of air. 
Basaltic lava, after it is ejected from 

a volcano, cools and solidifies. The cool­
ing of the surface exerts great pressure 
on the still molten lava below, and the 
gases expelled from the slowly harden­
ing stone make the mass as porous as 
a sponge. Also, tunnels or "volcanic 

tubes" are formed below the surface, the 
roofs of which frequently collapse form­
ing a volcanic "sink_" It is in such a 
"sink" that the Perpetual Ice Cave 
formed. Fallen stone and rubble effec­
tively choked the tube except for a 
single vent which permits circulation of 
air from subterranean areas of the 
lava bed. 

T
HE porous mass of the lava serves 
' as an excellent insulator and, ac­

cordingly, when the great mass of lava 
has once been thoroughly chilled-to a 
point perhaps many degrees below zero, 
Fahrenheit-variations in surface tem­
peratures can have little effect on the 
bulk of the stone. The lowest tempera­
ture reached in the most severe winter 
in the history of this region probably yet 
lurks in the remote depths of the lava 
deposit. 
Circulation of air, warmed by the sun 

at the surface of the lava bed, will draw 
chilled air from the frigid depths 

through cracks and faults in the basaltic 
mass. Since the air thus drawn from 
below is considerably lower than freez­
ing temperature, moisture seeping down­
ward from the surface of the bed be­
comes ice when it encounters the cold 
draft. The' deposit of ice thus formed 
blocks the passage of the cold air un­
til sufficient melting temporarily reopens 
the flue. Thus the principles of insula­
tion and ciJ:culation combine to create 
perpetual ice at a point where, lacking 
the presence of moisture, a constant 
blast of cold air would certainly issue 
from the depths of the lava bed. 
The bank of ice in the cave is of aqua­

marine color, banded with dark hori­
zontal stripes. It is believed that the 
greenish-blue coloring is attributable to 
pollen from nearby forests of yellow 
pine, which is blown by the wind to 
the depths of the cave with the surface 
water. The dark lines were formed by 
similarly deposited layers of dust and 
volcanic ash. 
That the cave has been known to man 

for centuries is evidenced by the pres­
ence of the ruins of prehistoric Indian 
dwellings, as yet unclassified, on the 
surface of the lava flow. 
The Perpetual Ice Cave is located in 

western New Mexico, about 25 miles 
from the town of Grants. It is reached by 
means of an improved road through EI 
Morro National Monument and the In-. 
dian town of Zuni to the city of Gallup. 
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WIDE SPECTRUM LINES AND 
By H E N  R Y N O R  R I S  R U S S E L L ,  P h . D .  

Chairman of the Department o f  AstronomY and D irector o f  the Ob­
servatory at Princeton University. Research Associate of the Mount 
W ilson Observatory of the Carnegie Institution of Washington 

THERE are two stages of success 
in the solution of a scientific prob­
lem. Success in the first means that, 

knowing the facts by observation, we 
are able to interpret and explain them 
upon general principles. Success in the 
second would signify that, starting with 
the general principles alone, we could 
predict the facts themselves. Perfect 
success of the latter sort. is hardly at­
tainable. We are sometimes in a posi­
tion to say :  "If there are any obj ects 
of this sort, they will have such and 
such properties." But to  say : "There 
actually will be so many obj ects of 
the kind in such and such positions," 
is too much to expect. 

With this limitation, it may fairly be 
claimed that astrophysics is now ad­
vancing to the second stage of success. 

We can not only explain the major 
properties of the stars in terms of those 
of atoms : Starting with the general 
properties of atoms, and the law of 
gravitation, we can now say : "If there 
are masses of matter scattered through 
space, only the large ones ( say 100,000 
times as massive as the earth or more)  
will be hot  enough, inside and outside, 
to be visible at the distances measured 
in light years"-and, following Edding­
ton, we can predict about how bright 
a star of given mass will be. To be sure, 
our success is incomplete-given the 
mass, we can predict how bright it will 
be, but not how big. But it is very prob­
able that, when we know more than we 
do now about atoms, we will be able to 
predict this too. 

But how will these hot luminous bod­
ies look? If we mean only their appear­
ance to the eye, the answer is trivial­
like mere points of light. But if we 
extend our meaning to inquire how the 
stars' light will appear when analyzed 
by a spectroscope, we really have some­
thing to answer. 

ELEMENTARY theory shows that , 
the spectra will be continuous and 

crossed by dark lines, revealing the 
composition of the stars' atmospheres. 
Going a little further, we find that the 
metals will show up in the cooler stars, 
and the permanent gases in the hotter 
ones-which is an old story now. 

What of two stars of the same tem­
perature, but differing in real bright­
ness ? Can we distinguish their spectra, 
and if so, how and why ? 
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How this can be done was determined 
20 years ago by Adams and his col· 
leagues at Mt. Wilson, by studying the 
spectra themselves. Certain lines were 
stronger in the very luminous giants, 
others in the faint dwarfs, and we all 
know how this discovery has been util­
ized to find the distance of thousands of 
stars. Why the lines behaved as they did 
was a harder problem ; but, thanks to 
years of co-operative investigation, this, 
too, is substantially solved. 

If we set side by side the spectra of 
the sun and of a giant star like Gamma 
Cygni, which gives out more than a 
thousand times the sun's light but is of 
substantially the same color and tem­
perature, we will find that many of the 
lines are stronger in the spectrum of 
the latter, while others are nearly equal 
in the two. The star, being so much 
brighter than the sun, and yet no hotter, 
must be much larger-probably 40 
times the sun's diameter. It may have a 
dozen times the sun's mass but the force 
of gravity at its surface can hardly be 
1 percent as great as the sun's. 

IN consequence, its atmosphere must 
be far more extended than the sun's. 

At a depth wher,e the same quantity of 
matter lies above a square mile, the 
pressure will be only 1 percent as great. 
This low pressure will have two con· 
sequences. First, it will increase the pro­
portion of atoms which have lost an 
electron and become ionized-another 
well· known effect. Secondly, it will make 
the gas more transparent. 

This may seem strange, when it is .re· 
called that the haziness in a star's 
atmosphere, which limits the depth 
down to which we can see-or from 
which we can directly receive the out­
coming light-is produced almost en­
tirely in the presence of electrons and 
charged atoms ( ions ) . Should not the 
percentage of these make the atmos­
phere hazier ? But this elusive fog de­
pends not on the mere presence of these 
electrified particles, but upon their in­
teraction with one another-upon the 
number of times per second that an 
electron hits an atom or comes close to 
it. The more rarefied the gas, the less 
likely this is to happen, and hence a 
column of gas containing a given num­
ber of ions and electrons will be more 
hazy, the more it is compressed (bring. 
ing the particles together ) ,  and con-

versely, clearer, the more it is expanded. 
At the low atmospheric pressure in 

the giant star, we can therefore s()e' 
much deeper-through layers contain­
ing far more tons of material per square 
mile ( and, of course, Ii fortio�i� to a 
very much greater depth in miles) . Since 
there are more metallic atoms in the 
path of an equal beam of  escaping light, 
the lines ought to be stronger. So they 
are, in the case of the ionized atoms, 
which are in the majority, even in the 
sun. But the low pressure in the star 
leads to the break. up of so large a 
fraction of the neutral atoms that those 
which are left are no more numerous 
than in the sun. This accounts fully for 
the behavior of both the sets of line de- ' 
scribed above. But when we come to the 
white stars, like Sirius, and to the lines 
of hydrogen which are the strongest of 
all, we find a contradiction. These lines 
are strong in the less luminous and 
smaller stars, and much narrower and 
weaker in huge super.giant stars like 
Alpha Cygni. There is no theoretical 
reason to suppose that at this higher 
temperature the laws which govern the 
atmospheric haze are reversed. Indeed, 
we have evidence that they are not, for 
the lines of the metals are much strong· 
er in Alpha Cygni than in Sirius-in­
dicating a thicker atmosphere. Granted 
this, we are faced with the anomaly 
that a smaller quantity of hydrogen, in 
the denser star, produces stronger lines 
than a much larger quantity in the rare­
fied atmosphere. The solution of the par­
ticular puzzle lies in certain peculiar 
properties of the hydrogen atom and its 
spectrum. 

IF hydrogen is stirred up to shine in 
a tube within which there prevails a 

powerful electric field-a gradient of 
thousands of volts per centimeter-its 
spectral lines, originally single except 
when observed with very high power, 
break up into complete groups of 
equally spaced lines. The stronger the 
electric field, the wider is the pattern, 
and as we pass from the red line H a, 
to the blue Hf3, and the violet Hy and 
H8 ,  the number of components, and the 
width of the pattern, rapidly increase. 
This "Stark effect"-named, like many 
others, from its discoverer-is far great­
er for hydrogen than for any other ele­
ment. Helium shows it faintly, and the 
heavier atoms to but a small extent. 

In a star's atmosphere-which must 
be a good conductor of electricity­
there can be no perceptible general 
voltage-gradient. But, since it is full of 
electrified particles, any given atom 
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within it will be exposed to the electro­
static attractions ( another name for 
electric fields ) of the neighboring 
charges. These will never exactly bal­
ance one another, and will sometimes 
be very much unbalanced, when one 
charged particle is much nearer than 
the other. Calculation shows that the 
average electric field acting on an atom 
will be powerful enough to split up the 
hydrogen lines widely. If this effect 
was the same for all the atoms, we 
would see these lines split up into com­
plex groups : but as it varies very greatly 
from one to another, patterns of quite 
different scales will be superposed, and 
the net effect will be to smear the 
hydrogen lines out into wide, structure­
less affairs fading out gradually from 
center to edge, but with no definite 
boundary. 

IT has long been believed, with good 
reason, that this actually happens. 

Now the matter has been put to the test 
of precise calculation by Professor 
Pannekoek-one of the most distin­
guished astronomers of the Nether­
lands-and his associate at Amsterdam, 
De Verwey. 

The calculations must have been very 
laborious. Starting with a formula 
showing what proportion of the atoms 
in a gas of given density would be ex­
posed to electric fields of a certain 
magnitude, they computed the smear-

ing effect upon the various hydrogen 
lines. Next, assuming an actual atmos­
phere composed mainly of hydrogen, 
they determined the haziness at different 
depths, and worked out the combined 
effect of the absorption by layers at all 
levels, thus finding at last what the 
stellar line should look like. Separate 
computations had to be made for each 
of the four principal hydrogen lines, for 
different values of the star's tempera­
ture, and for several values of the sur­
face gravity. The results j ustified the 
heavy work : they brought a complete 
explanation of things that had pre- · 
viously been puzzling. 

For example, it is known from atomic 
theory that the number of hydrogen 
atoms which are at work absorbing the 
red line is much greater than for the 
blue, while for the violet lines it is 
smaller still. We might therefore ex­
pect that the red line would be the 
strongest and widest, and the others 
steadily weaker. But the Stark effect 
widening is much greater for the blue 
and violet lines, and the net result turns 
out to be that these two influences bal­
ance one another almost completely, so 
that all four lines should be of almost 
equal width-which measures of the 
spectra show that they actually are. 

At very high temperatures, when 
almost all the hydrogen is ionized, all 
four lines are weak. Taking everything 
into account ( including the influence of 

At the left is the 61-foot dome which houses the new 74-inch reflector (see page 
292) at �he observatory of the University of Toronto, 15 miles north of the city_ 
At the rIght is the new administration building with three smaller domes on top. 
Of these the nearest houses a 19-inch reflector built at the University by Prof. R_ 
K. Young, assistant to the Director, Prof. C. A. Chant. Prof. Young is not only 
an astronomer but a telescope maker and mirror maker in his own right. The two 
oth

.
er domes are later to house other telescopes. The big telescope is to be used 

m
.
aIn!y for spectrog

.
raphic purposes, including radial velocities and physical con­

stItutIOn of stars faInter than sixth magnitude. It will be' reserved for public use 
on S�turday nights. The observatory buildings will be open for inspection on 
certaIn afternoons. The administration building is made of white stone and 
contains offices, a library, a machine shop, several laboratories, and a lecture room 

the metallic atoms which are present) 
Pannekoek finds that, for such a value 
of gravity as exists in Sirius or Vega, 
the lines should be widest at a tempera­
ture of about 8500 degrees (which is 
probably not far from that of such 
stars ) .  His curves, showing the the­
oretical width of the lines and the way 
in which the intensity should change 
from the center toward the edge, agree 
with actual measures of the lines in' 
Sirius and Vega with remarkable clear­
ness. Now the calculations were made 
on a basis of pure atomic theory;; mak­
ing not the slightest use of any observed 
property of the stars ( except that their 
atmospheres were composed mainly of 
hydrogen ) .  The agreement with observa­
tion is therefore an example of the sec­
ond and higher degree of success in the 
interpretation of nature. The theory pre­
dicts precisely what the hydrogen lines 
in Sirius are like-and could have been 
worked out in the laboratory by men 
who had never seen a star. 

An equally satisfactory result is  the 
full explanation of the abnormal be­
havior of the hydrogen lines in stars of 
different brightness. If the force of 
gravity is  a hundredfold greater on one 
star than on another of the same tem­
perature, the new formulas show that 
the atmosphere of the first star will be 
so much hazier that the actual quantity 
of gas ( per square mile ) above the level 
to which we can see will be only one 
tenth as great as in the second. But the 
greater Stark effect in the first star will 
broaden the lines so much that they 
will be two and one half times as wide 
as in the other. 

By far the greatest known force of 
gravity is found at the surfaces of 

the white dwarf stars. On the companion 
of Sirius it is about a thousand times 
as great as on the sun or on Sirius. We 
might therefore expect that the hydro­
gen lines would be correspondingly 
widened-and so indeed they .are. At 
the same time, the atmospheres of the 
white dwarfs should be thin, containing 
much less material per square mile, and 
this accords with the fact that the lines 
of the metals-such as the great mag­
nesium line at 4481--'-are hardly to be 
seen at all in their spectra. 

Pannekoek concludes that, when the 
width of these lines has been accurately 
measured, we may be able to calculate 
from this alone the force of gravity at 
the surface of a white dwarf, and so 
to get an independent estimate of its 
mass, even if it is not double. 

Only those who have engaged in 
similar calculations can realize how 
much work lies behind the pages which 
tell this new story, but the remarkable 
success which has repaid it may, it is 
hoped, be intelligible to a larger circle 
of readers.-Princeton University Ob­
servatory, October 3, 1935. 
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A view of the valley of the Colorado River, showing the location of Parker Dam and the diversion tunnels 

COLORADO RIVER'S 
NEWEST DAM 

Will Divert Water for California . . Gates to 

Control Severest Floods . . .  Concrete Arch Type 

By A N D R E W  R. B O O N E  

PARKER Diversion Dam, now under 
construction on the Colorado River 
150 miles downstream from Boulder 

Dam, will perform the very useful func­
tion of storing water in a reservoir 100 
miles long from which the Metropolitan 
Water District will draw ultimately a 
billion gallons of water daily for use 
in Southern California_ [See September 
and November, 1934, Scientific Ameri­
can for details of the Colorado River 
Aqueduct.-Ed_] 

The diversion dam will raise the water 
about 72 feet from present river level 
to an elevation of 450 feet above sea­
level, thus providing a 717,000 acre­
foot storage basin for regulating and 
clarifying the water. The dam will be of 
the concrete arch type and will contain 
a total of 7,479,000 cubic feet of con­
crete in the dam proper, the spillways 
and piers, and so on. Five 50-foot by 50-
foot roller-bearing gates on the crest will 
provide for the passage of floods. 

50 years, and includes both the maxi­
mum capacity of Boulder Dam's spill­
ways ( 400,000 second-feet ) and 100,000 
second-feet of inflow along the river 
below Boulder_ Thus there will be no 
danger of flooding the Mojave Valley, 
including the city of Needles, 100 
miles upstream_ These five gates 
will occupy openings within the 
concrete superstructure. Normal­
ly, all gates will occupy the 
closed position, during which time 
water will pour down through the 
power plant, which, when built, 
will develop 80,000 horsepower. 

Parker Dam will cost 8,000,000 
dollars-only one sixth the cost 
of Boulder Dam_ Pumping station 
and power line will bring the 
total construction charges to 28,-
000,000 dollars_ This figure would 
have been much higher were not 
construction proceeding at a time 
when the Boulder Dam reservoir 
is filling, thus diminishing mate­
rially the need for more and 
larger diversion tunnels at Parker. 

nished by the Metropolitan Water Dis­
trict, the dam and reservoir will be 
owned by the Government and will be 
operated by it_ The United States re­
tains one half the power privilege at 
the dam and a limited right to regulate 
the top 10 feet of storage in the reser­
voir. The remaining half of the power 
privilege belongs to the District. A con­
tract for construction of the dam has 
been let by the Bureau of Reclamation 
to the Six Companies, Inc_, and con­
struction activities have been started_ 

The actual diversion of water to the 
aqueduct is to be made by two pumping 
plants, the first with a lift of 290 feet, 
and the second of 302 feet_ 

Although nine pumps-eight oper­
ating, one standby-eventually will lift 
a billion gallons daily 1700 feet in five 
stages from the river through the aque­
duct over the mountains, only three will 
be installed initially_ The pumping 

The large gates can be lifted bodily 
to relieve the pressure built up by a 
possible flood sending down the canyon 
the staggering total of 500,000 second­
feet, or 326 billion gallons of water 
every second. This figure tops the big­
gest flood recorded on the Colorado in 

Designed and constructed by 
the United States Government 
through the agency of the Bureau 
of Reclamation, with funds fur-

Ends of the two 29-foot horse-shoe type 
diversion tunnels built at Parker Dam 
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problems are being studied now by the 
engineering department at the Cali. 
fornia Institute of Technology. "When 
all pumps are in operation and deliver· 
ing the full 1600 cubic feet per second," 
explained Prof. R.  L. Daugherty, "there 
will be required about 350,000 horse· 
power for the entire system. The power 
required for a single pump will range 
from 4000 horsepower in the lowest 
head plant ( 160 feet ) to 12,000 horse· 
power for the highest head ( 480 feet ) ." 

During early years of operation en· 
ergy for lifting some 300,000,000 gallons 
daily will be supplied by power from 
Boulder Dam. The aqueduct is being 
financed with proceeds from 50.year 
bonds, and its full capacity of one billion 
gallons daily will be reached sometime 
before the half· century period has run. 
It is anticipated the dam will be com· 
pleted sometime in 1938, coincident with 
completion of 13·mile San Jacinto tun· 
nel, final unit of the aqueduct. 

Careful study of all possible routes 
led to the final selection of the diver· 
sion site, 16 miles up the river from 
Parker, Arizona. This selection was in· 
fluenced by a combination of economic, 
topographic, and geologic factors. It is 
considered the safest route to build and 
to maintain ; it requires less gross pump 
lift than any other feasible route ; the 
river is confined at the point of diversion 
in a narrow rock canyon. 

Right:  Map showing the location of 
Parker Dam and near-by projects 

Below: Plan of Parker Dam, gIvmg 
pertinent dimensions and other data 

Scale in F.ct 
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PREHISTORIC BURIALS 
OF TEPE GAWRA 

By C H A R L E S  B A C H E  
Field D irector. Joint Assyrian Expedition of the University Museum. Philadelphia,  and 

The American School of O riental Research. Baghdad. 

THE tombs under discussion in this 
article were found intrusive in 
Levels 9, 10 and 11 of the great city 

mound at Tepe Gawra, described in an 
article in the October number of 
Scientific American. The contents of 
the tombs indicated a culture quite un· 
like the culture of the occupational 
levels immediately below or above the 
levels of the tombs. Objects found in 
the tombs, with the exception of a very 
common type of bead, are never dup· 
licated by objects found outside, but 
within the same strata. One would natur· 
ally expect the dead to be equipped 
with the best of their possessions, but 
even in the rare instances where we 
found ordinary every·day objects, such 
as pottery vessels, they were also dis· 
similar from obj ects used by those who 
lived on Gawra. 

Despite the fact that there is no differ· 
ence in the culture of Levels 8 and 9, 
we are forced to the conclusion that 
at the end of the occupation of 9 and 
before the beginning of 8 there was a 
break in the continuity of the occupa· 
tion of Tepe Gawra. For some reason­
invasion, disease, fire ; exactly what we 
cannot tell-the Gawrans deserted their 
mound, and some other people who 
may have lived nearby used Tepe 
Gawra as a necropolis. Not only did 
they bury their dead on Gawra, but 
they even robbed the ruined temple of 
Level 9 of its sun·dried brick for the 
construction of their tomb walls. 

Today there is nothing that indicates 
where the ' village or town of these 
people was. Perhaps they lived close 
to Jebel Badhiqa, where there was an 
excellent water· supply, about a mile 
from Tepe Gawra. Perhaps they built 
their houses at the base of Gawra. 
Wherever their abode was, we have yet 
to find it. That it was not on Gawra, 
we may be sure. 

1934·35. Exactly one half of those found 
in the earlier campaign had been 
robbed. None of the more recently dis· 
covered burials, all in Levels 10 and 
11, was disturbed before we came upon 
them. For this reason we were able 
to obtain structural details which had 
been lacking until the last few months. 
It can be stated with almost certainty 
that the same method of construction 
was followed in every one of the tombs, 
with a single exception. 

THE general method is as follows 
( See Figure 1 ) : a hole, generally 

about four feet deep, eight feet long 
and five feet wide, was dug in the 
debris of the tell ( hill ) . All sides of 
this pit were lined to the top with walls 
of !ibn. The size of each libn is ap· 
proximately 3 by 8 by 16 inches. Usually 
the walls of the tombs are but one libn 
in thickness, although occasionally we 
have found tombs where all walls are 
of double thickness. and we have one 

or two instances in which the long 
walls are double, the end walls single. 

Beyond leveling it off, there was no 
especial preparation of the floor of the 
tomb. Over it, the construction of the 
walls being finished, there was placed 
a reed mat on which the body of the 
lamented one was placed. The body 
was always in a contracted position­
knees drawn up so that the thighs were 
at right angles to the trunk, legs placed 
as close to the thighs as possible, so that 
the angle of the knees . was very acute, 
the body lying on its side ( there was 
no rule for which side ) the elbows at 
the chest, the hands raised to the mouth. 
In the hands were then placed the 
funerary objects. In one tomb only did 
we find a deviation from this rule. 

Then the body was covered with an· 
other reed'mat, or the mat that already 
was beneath it was wrapped around the 
body. Over the body was then built a 
small wooden structure ( See Figure 2 ) . 
That it had a gabled roof, we know. 
We have found traces of the ridge poles 
in several of the tombs, as well as the 
remains of the corner posts, their tops 
somewhat lower than the ridge poles. 
While we have found the remains of 
the boards that formed the roof, we 
have no evidence for assuming that the 
structure had board walls as well. It 
is possible that it did. The roof of 
this added protection was somewhat 
lower than the tops of the walls of 

In all, 23 !ibn' tomb burials were ex· 
cavated in the last two campaigns : 
14 in the campaign of 1932·33, 9 in 
'A sun·dried mud brick, similar to adobe. Figure 1: Four /ibn tombs, Numbers 109, 1 10, 1 1 1 ,  1 14. Libn is much like adobe 
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libn. Therefore, the intervening space 
was filled with dirt to the upper level 
of the walls. Covering the whole struc· 
ture and extending to the outside of 
the walls was placed another reed mat, 
held in place by two additional courses 
of libn, placed on top of the walls. This 
mat was · then well plastered over with 
mud, and the burial was finished. 

In almost every excavated tomb, ob· 
jects and skeletons were in badly 
damaged condition. Very frequently 
substantial things, such as stone vessels, 
were shattered. Until recently we sus· 
pected that these had been intentionally 
"killed," but we now know that our as· 
sumption was incorrect. It is almost cer­
tain that in the course of the years after 
the burials the posts that supported the 
wooden roofs rotted away, allowing the 
tons of accumulated earth above to fall 
in the tombs, crushing the skeleton from 
which the flesh had already decayed. 
smashing any brittle object 
that offered resistance, and 
bending and twisting gold 
ornaments that formed dec­
orations on the bodies. 

W h i l e  t h e r e  w a s  n o  
definite practice in the ori-
entation of the bodies them-
selves; very definite rules for the orien· 
tation of the tombs obtained. Their 
corners were always at the cardinal 
points of the compass, the longitudinal 
axis northwest-southeast. No exception 
to this rule was found. In connection 
with this, it is interesting that in all 
buildings of Levels 9, 10, 1 1 ,  and 12 the 
same rule also held true. Corners of 
rooms, and corners of the buildings, 
were at the same cardinal points. In the 
case of buildings, however, the longi­
tudinal axes are northeast-southwest. 

AS stated above, 23 tombs were ex-
1\.. cavated, of which a number merit 
description here. The others had been 
robbed, or else had originally contained 
no objects. 

In Tomb No. 24, the skeleton lay on 
the left side, its skull at the southeast 
end of the tomb. Held in the hands, 
which were raised to the face, or near 
the skull, were two interesting objects : 
a comb and the hair ornament shown in 
Figure 3. Both are of bone. The hair 
ornament is a striking work of art, with 
four bands of gold around it, both for 
decoration and reinforcement of the 
fragile bone needle. The central portion 
is inlaid with lozenges of turquoise and 
lapis· lazuli, in alternate spiral rows. It 
must have been worn so that the points 
were thrust in the hair, leaving the col­
orful center exposed. I believe I am safe 
in saying that this piece is quite without 
parallel. 

Tomb No. 25 contained a double buri­
al. It was built in connection with No. 
24. Skeletons lay on their sides in the 
usual sharply contracted position, facing 
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each other, their knees touching, their 
heads at the northeast side of the grave. 
The tomb contained no funerary obj ects 
beyond a stone amulet and a gold ear­
pendant. This instance of double inter­
ment will be discussed below under 
No. 1 1 1 .  

Tomb No. 30, which measures about 
82 by 60 inches, is also a double burial, 

Figure . 2 : Reconstruction of a libn 
tomb, showing walls, mat, and roof 

but in character dissimilar from No. 25. 
One skeleton lay on its left side, head 
at the northeast end of the grave. The 
other-smaller-Iay at the feet of the 
larger, its head almost in the south cor­
ner of the tomb, the body parallel to the 
southeast wall, on its right side. It will 
be of interest for the reader to contrast 
this burial with Nos. 25 and 1 1 1 .  No ob­
jects were found in the tomb. 

Tomb No. 31 is on
'
e of the richest 

burials we have found in Gawra. All ob­
jects were found close to the face, as if 
they had been placed in the hands of 
the corpse at time of burial. Besides a 
string of 512 beads of shell, carnelian, 
lapis-lazuli, turquoise, crystal, and gold, 
there were four stone vessels, two stone 
objects of uncertain function or purpose 
(Figure 4 ) , a seal-plaque, two combs, 
and a 'hair-ornament, all of bone. Gold 
in the form of hemispherical studs and 
a rosette with a gold dangling ribbon 
was also found. The studs had been filled 
with bitumen and affixed with this adhe­
sive to cloth, the imprint of which still re­
mained. Very likely these latter formed 
a fillet that was worn around the head. 

A seal-plaque found in the same tomb 
shows a man driving before him an ox 
or bull, and over the bull is the "star" 
sign, later to become the "ilu"-symbol 
of divinity, probably Enkidu. Inciden­
tally, this is the first indication of any 
attempt at writing that has ever been 
found on Gawra-even in the later levels 
in which times writing is known to have 
existed. 

Four vessels also were found. A tiny 
alabaster j ar, not two inches high ; an 
unusual object consisting of two bowls 
carved out of one piece of "Mosul" 
marble ; a small incomplete bowl, 1%" 
in diameter of oolitic limestone and last­
ly a beautiful handled bowl of steatite 
( Figure 5 ) . The last is translucent and 
highly polished. 

In Tomb No. 34 the skeleton lay on 
its left side, its head at the southeast end 

of the tomb. This is the larg­
est tomb of Gawra, and is 
also one of the poorest. I 
believe, however, that it 
had been robbed in ancient 
times, as the skeleton was 
not complete-all of the 
body above the pelvis was 
missing, only the skull re-
maining of the upper por­

tion. The only object was a large comb 
( Figure 6) of the "Spanish" type­
curved to fit the back of the head. Most 
of its teeth were gone. 

No. 102 : While this is not intrinsi­
cally the richest tomb, archeologically 
its contents are the most important that 
we have. In their order of importance, 
they are : a pottery dish of coarse red­
ware ; a pear-shaped mace-head of 
oolitic limestone ; 28 stones, a few un­
shaped, a few roughly cubical, the ma­
j ority spheres, all intended as ballistas ; 
260 large beads of white shell and car­
nelian, worn as a necklace ; over 25,000 
small beads, all discoid, of which all but 
1 100 were white shell. The 1 100 were 
made of obsidian and, on account of 
their size and number, are quite un­
usual. Judging from their position in the 
tomb, they formed, it is likely, a bead 
jacket. Strung together, the strand is 
over 145 feet in length. 

THE two most distinguished objects 
may be seen in Figure 7.  Made of 

obsidian, these spouted vessels repre­
sent the apex of stone craftsmanship. 
Anyone who has ever attempted to work 
flint or obsidian can appreciate the skill 
and labor that was put into the manu­
facture of these finds. In the Iraq Mu­
seum in Baghdad the visitor may see a 
silver ewer recently discovered at Warka 
( Erech ) in southern Babylonia. If one 
were to place this ewer beside the ob­
sidian ewer at the right in the illustra­
tion, it would be almost impossible to 
distinguish them, if material be disre­
garded, so alike are they in size and 
shape. It is a parallel such as this that 
makes a find of importance. A unique 
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object may be of interest, but in arche­
ology the old adage that "comparisons 
are odious" collapses loudly. 

No. 107 : Skeleton on the left side, its 
skull at the center of the southeast wall. 
The only obj ects were a half· dozen bal­
listas of alabaster. 

No. 109 : For the purpose of museum 
display, and in actual intrinsic vallie, 
this is the richest tomb on Gawra to 
date. Here I will not attempt to describe 
all the gold objects-some may be seen 
in Figure 9. A total of 410 was found 
-falling into 12 separate categories : 
235 beads of gold and electrum ; 90 
"bangles" shaped very much like a ten­
nis-racquet ( apparently these bangles 
were part of a necklace which was also 
comprised of pearls ) ; eye-shaped orna­
ments, use or purpose unknown ; flat 
crescents, pierced at each end for string­
ing ; a ferrule ( for a sceptre ? ) ; six 
clam-sheIl-shaped ornaments ; 50 hemi­
spherical studs, similar to those of tomb 
No. 31 and rosettes, both plain and with 
dangling ribbon. 

QUANTITIES of beads were also 
found-lapis-lazuli, turquoise, car­

nelian, and white limestone. The ma­
jority were of lapis-lazuli, and some of 
these were carved in unusual shapes. 
An amusing and interesting object is a 
representation of a flying-ant ; its globu­
lar body is lapis-lazuli, its wing and 
head in electrum. Two splendid obsidian 
razors and a bone comb were found un­
derneath the hands. The comb was 81,4 
inches long, with a very massive grip. 
It could not have been worn, as it was 
straight, and must have been used in 
caring for the hair. 

The small black and white marble j ar 
shown in Figure 8 is one of the daintiest 
of stone vessels that has come from 
Gawra burials. It is absolutely undam­
aged and is perfectly executed through­
out. Two other bowls of stone, one of 
alabaster and one of oolitic limestone, 
complete the list of furnishings for this 
tomb. These last two are the exceptions 
to the rule that all objects are placed at 
the head of the skeleton in its hands­
both were found, inverted, at the feet. 
The oolite bowl ( Figure 1 1 )  is an excel­
lent piece, with a decorative notched 
molding near the outer rim, on the al­
most flat shoulder. It, too, is undamaged. 
The alabaster bowl mentioned a few 
lines abo�e is dull and uninteresting. 
Hemispherical, it bears no ornamenta­
tion, and the soft alabaster was badly 
crumbled on the bottom and around 
the rim. 

No. I I I  contained three skeletons. It 
was built in direct association with No. 
109, the northwest wall of the latter be­
ing the southeast wall of the former. 
This same condition obtained in Nos. 
24 and 25. Except for No. 25 being 
double, and 1 1 1  being triple burials, 
they are strikingly similar. Each joins 
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Figure 4: Two stone objects of uncer­
tain purpose, found in Tomb No. 3 1  
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Figure 3: The hair ornament found in 
Tomb No. 24. It is made of bone, with 
foul' gold bands around it, and inlaid 
with both turquoise and lapis-lazuli 

Figure 5: A beautiful, handled bowl 
of steatite,-translucent. From Tomb 3 1  

Figure 6: A large comb antedating the Spanish type ; also a straight comb 

a rich single burial. Each in itself was 
woefully poor in tomb furniture. Each 
is northwest of its rich companion tomb. 
In all probability each of them was built 
at the same time that the richer burial 
was made. In each case, the multiple 
burial lay at the feet of the skeleton in 
the richer tomb. 

Of the three skeletons in No. 1 11 ,  only 
one had with it anything in the sense of 
ornament-an inconspicuous string of 
71  beads and pendants, seven of which 
were of gold, the rest of the usual semi­
precious stones-lapis-lazuli, carnelian, 
and so on. Each skeleton was provided 
with a plain earthenware pot. Contrast 
this with the marvelous stone vessels in 
No. 109, 102 and 1 10. In view of these 
circumstances, is it unreasonable to as­
sume that here we have examples of 
human sacrifice to a dead chieftain ? In 
a somewhat later period at Ur, in the 
Royal Cemetery, there are examples of 
this same sacrifice on a much larger and 
more impressive scale." It seems to me 
that more than likely either slaves, fol­
lowers, wives, or concubines of nobles 
were slain and buried with them to min-

2C. L. Wooley, "Ur Excavations, I I , "  The 
Royal Cemetery. p.  73. 

ister to them in after life, as they had 
done in this world. 

No. 1 10 : The tomb was quite a rich 
one but it presents no feature of extraor­
dinary interest. It contained the usual 
type of gold ornaments-rosettes and 
eye-shaped. For the first time we found 
the extruding nipple of stone in the cen­
ter of the larger rosettes ( Figure 9 ) . 
One was of lapis-lazuli, the other of a 
green stone which we have not yet had 
identified. Also of interest is that here 
we found the original order of stringing 
beads of carnelian and gold : that is, the 
ten carnelian discoids, one gold cylinder 
and so forth. Two rotting maceheads of 
limestone, and six ballistas of alabaster 
were also found. A curved bone comb 
and a seal stamp of lapis-lazuli almost 
complete the roster of obj ects. 

The two finest things are the steatite 
cups shown on either end of Figure 8. 
Absolutely symmetrical, elliptical in 
plan at their rims, of extreme thinnesses 
as to ware, their very shape precludes 
the use of the wheel, which at this time 
was not in use on Gawra. While steatite 
is an infinitely more tractable material 
in the hands of an artisan than is ob­
sidian, these cups, by their shape and 
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Figure 7: Spouted vessels representing 
the very height of craftsmanship. They 
were made of obsidian, a very hard stone 

Figure 8: Center: Black and white 
marble jar. Cups from Tomb No. 1 10 

Figure 10:  Gold·silver alloy wolf's 
head, Tomb 1 14-"most beautiful" 

workmanship, are impressive monu­
ments to the exceptional stone work of 
the Gawrans. 

No. 114 : If No. 102 is archeologically 
the most important tomb, then, estheti­
cally, 114  is the most important. Had we 
excavated but these two burials and 
found nothi�g else, we could still count 
our results as being more than worth the 
expenditure of effort and money in ob­
taining them. In Tomb 114, the skeleton 
lay on the left side, the skull to the 
southeast end of the tomb. 

The wolf-head shown in Figure 10 is 
unquestionably the most beautiful ob­
ject that has come from Gawra's tombs. 
So realistic as to be almost breath-tak­
ing, it is the zenith of the goldsmith's 
art in these early times, and will com­
pare more than favorably with the finest 
metal work of any time. It is made of 
electrum, a natural alloy of varying pro­
portions of gold and silver, much in use 
among the ancients, and is beaten 
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Figure 9 :  Gold ornaments from various 
tombs, as well as the hone from No. 1 1 4  

Figure 1 1 :  The oolitic limestone 
bowi from Tomb 109-undamaged 

around a core of bitumen ( asphalt ) . 
The lower part of the mouth is remov­
able, being attached to the main part of 
the head by means of a prong that pene­
trates to the outside of the under-jaw, 
and is beni upward to hold it in position. 
The ears, which had fallen off, are at­
tached by means of copper pins, their 
only trace being the dust of the green 
oxide. Doubtless the eyes, which are 
missing, were of glowing. carnelian, or 
some colorful · stone. The teeth are also 
made of electrum, drawn into wire, the 
points sharpened to needle-sharpness. 
Probably this head was fixed to the end 
of a wand-perhaps as a symbol of au­
thority wielded by some high official of 
the ancient city mound of Tepe Gawra. 

Another fine object, beautiful for its 
very simplicity, is the hone shown at the 
bottom of Figure 9. It is made of hard, 
green stone with a plain band of gold 
about its middle. An unusual pear· 
shaped mace-head of hematite, with 
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three proj ecting knobs on the heavier 
end, and three simple bone hair orna­
ments with gold bands, finish the list of 
unique objects from this fascinating 
burial. Besides these things, there were 
many other objects which add to the 
wealth of the tomb. A seal stamp of 
lapis-lazuli, depicting a leaping gazelle ; 
a gold rosette, large and with a nipple 
of stone ; many hundreds of beads-;:-, 
gold, carnelian, and so on ; six ballistas 
made of a marbled red stone, and an ala­
baster mace-head, bring the list · of ob­
jects to an end. 

This was the last tomb of importance 
that was excavated in these two seasons. 
At the beginning of this article, I men­
tioned the fact that there was but a 
single exception to the rule in the con­
struction of the tombs. This was one that 
contained no obj ects, but is of interest 
since, inside the libn walls, it was lined 
with large stone slabs, with a slab floor 
and a slab cover. 

rJ10 set an exact date for these burials 
.1 is difficult. It is doubtful that it will 

ever be done with certainty, since there 
are no historical data nor written evi­
dence for it. At this time, a conservative 
estimate will suggest that 3500 B . C .  is 
a reasonable date. They cannot be more 
than a few years later than this, and it 
is very possible that they are consider­
ably earlier. The levels in which they 
are found ate 20 feet below the level 
contemporary with the First Dynasty of 
Ur-beginning 3100 B.C. Between this 
level ( 6 )  and the tombs, there was a 
long occupation, marked by constant 
building and re-building in all the 
phases of stratum 8, and at the conclu­
sion of 8 there was yet another long 
period before the building of 6 started. 
The date 3500 B . C . , while only a hazard, 
is certainly not a reckless one. 

IT is interesting to note that the walls 
of Level 8 were built over some of 

the tombs discussed in this article and 
that in some few instances the builders 
of Level 8 must have broken into and 
robbed them. We found, in tearing 
down this stratum, a fragment of a stone 
vessel, the rest of which was later dis­
covered on the floor of one of the pil­
fered tombs. 

In the 9th and 10th levels, tombs 
were confined to the north and west 
sections of the tell. Since only the north 
and east sections of Level 1 1  have 
so far been excavated, we cannot yet 
say definitely whether or not their ioca­
tion is similarly restricted in this level. 
However, none was found in the ex­
cavated east section of  Level l l-only 
in the north. All the tombs of Level 
11 ,  being buried in debris · far deeper 
than those that were found in Levels 
9 and 10, were umobbed by the builders 
of stratum 8. 



• • • NOT JUST GLASS 
Y

OU can now build a house of glass 
and live comfortably-and pri­
vately-within it. What is more, you 

can throw all the stones you wish with 
impunity, for glass research has out­
modedthe old adage. 

Glass Age is 6000 Years • . . Last 20 Have Seen 

Most Progress • . .  Important New Uses . • •  Ar­

chitectural, Industrial, Scientific Types of Class 

If you think of glass only as a brittle, 
transparent material which must be pro­
tected from shock, then you are sadly 

By P H I L I P  H .  S M I T H  

uninformed. This clear, fragile material pair. Glass building blo�ks have made 
has been worked over until established this possible. 
definitions for it are inadequate. The There are going to be several types 
commonplace glass which you purchase of glass building blocks available, vari­
for window panes must still be protected ously called structural units, bricks, rna­
from baseballs, but there are types sonry, or tile, but a description of one 
which will withstand terrific im- __ type will come very close to describ-
pact. And there are types which �. . ing them all as regards fund a-
transmit the infra-red rays, or �'f . mentals of design. The unit is 
ultra-violet rays; X-ray protec- • ' made by taking two box-shaped 
tive glass which is equal in ef- pieces, or a box and a lid, and 
fectiveness to one third its thick- fusing them together on their 
ness of lead; and bullet-proof glass edges to form a hollow block. There 
made of laminations of plate glass and are various sizes and several methods de­
plastic. Glass is no longer just glass. vised for cementing the blocks into place 
Students of glass history give it an in a wall. The inside faces of the block 

age of 6000 years, but aside from ad- are fluted in such a manner as to break 
vances in the technique of making art the light rays and destroy all images­
objects, very little progress was made hence your privacy. 
for a long span of years. More prog- The hollow, fused construction has 
ress has been made within the past 20 very distinct advantages. With the cool­
years to determine just what glass is, ing of the block, following the heat of 
what can be done with it and how to do fusing, a partial vacuum is created. 
it, than was accomplished in all the This insures that there will be no frost­
previous 5980 years. That is why when ing of the glass due to moisture within 
you examine glass manufacture today, 
you find a backward industry moving 
forward at astonishing speed. 

R
ESEARCH has made possible the 
enormous strides, and research is 

guiding the industry today. Manufac­
turers will admit this even in plants 
where research facilities are slim. And 
with all that has been accomplished we 
are admittedly only on the threshold of 
developments. It has taken years to at­
tain a scientific understanding of the 
commonplace practices of centuries and 
this had to be acquired before depar­
tures could be made. Now, with better 
foundations laid, developments should 
come thick and fast; indeed, they are 
already crowding upon the stage. 

the void. By using a glass having a very 
low coefficient of expansion, wide varia­
tions in temperature can be withstood 
and a large number of units can be as­
sembled to form a wall surface with 
safety. 
One might question why such blocks 

have not been available in the past, since 
the glass house isn't a brand new idea. 
There have been houses erected with 
glass walls all over the world, particu­
larly public buildings, and they have 
withstood the ravages of the elements. 
Perhaps the best explanation for de­
layed use lies in architectural style. 
Glass walls envisage "modern" archi­
tecture and the public was not ready 
for it. Before there could be this radi­
cal departure in materials there had to 
be a like departure in public taste. 
Can you now vision this glass house? 

It will have perfectly smooth interior 
and exterior walls which can be easily 
washed. The fluted interior of the blocks 
will give a diffused light throughout the 

Let us look at glass as a building ma­
terial. In this form it touches the great­
est number of people. By the time this 
article reaches your hand you will be 
able to order a house built of glass and 
get prompt delivery, and you can be as­
sured that nothing of privacy will be 
lost. There will be no particular prob­
lem in heating it or keeping it in re-

Are we to have a "glass masonry" age? Some people predict it. Here we see how 
easily a glass brick in a house wall may be replaced. Note the prismatic surface 
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house, no matter how strong the sun· 
light. And in cost it will be comparable 
to brick. 

While glass building blocks are a 
distinct departure, their development 
followed quite naturally upon the ad· 
vances which have been made in archi· 
tectural glass. Manufacturers have 
learned how to make special glasses to 
render particular services and they have 
established a control in manufacture 
which assures getting the uniform reo 
sult they want. 

WITHIN recent years, given the new 
types of glass, the idea has grown 

among architects and builders that here 
was a material which not only trans· 
mitted light rays, but could be made to 
contribute a superior decorative effect 
if given the proper treatment. In the 
effort to accomplish this, many other 
fields were drawn upon to yield their 
best of recent advances. For example, 
illuminating technique was brought to 
bear on the problem of handling light 
within buildings and we have what is 
commonly termed "indirect lighting." 
Instead of a concentrated light source 
for the illumination of a room, which is 
nothing more nor less than 
the modern version of the 
candle, there came diffusion 
of the rays through the use 
of fluted glass, so that today 
an illuminated frieze or 
pilaster ia quite commonly 
used in large buildings as 
a light source. Color effects, 
too, have been obtained by utilizing col· 
ored (neon) lights and filters to the end 
that great panels and columns of color 
replace orthodox lighting. 

The advent of glass having a low co· 
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efficient of expansion prompt­
ly increased the potentialities 
of glass as an exterior wall 
material. Actually this type 
has less movement under tem­
perature changes than most 
of the metals and can be used 
without hazard of breaking. 
For the sake of appearance, 
such glass is j oined with 
opaque cement or a synthetic 
resin. The chemist has made 
a definite contribution to 
glass by providing a trans­
parent binder, having a high 
light transmission factor and 
a bending quality that sur­
passes the opaque cements. 
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Among the special glasses 
contributing to the field of 
architecture is a type which 
transmits both visible and 
ultra-violet rays. A small per­
centage of the ultra-violet 
transmission is lost after the 
glass is first put into use, but 
from then on the transmis­
sion is nearly constant. The 

Glass is certainly "not just glass" when It IS 
tempered and strong enough to support tons 

principal use of this glass is in sanatoria 
and hospitals, but now that costs have 

been lowered it is beginning 
to replace ordinary window 
glass in homes. Then there 
is glass which absorbs a 
large part of the heat or 
infra-red rays while trans­
mitting most of the visible 
rays. This type is eminently 
suitable where it is desired 

to keep out the sun's heat, as in air­
conditioning where inside control of 
heat is sought. 

More recently, double-glazing has 
been launched. This development for 

windows was mentioned in a 
previous article" but some of 
the technical problems in­
volved are significant of the 
research conducted to get a 
satisfactory product. 

Double-glazing is much 
more than a sash carrying 
two panes of spaced window 
glass. Maximum insulation 
demands a certain dead air 
area between the p anes and 
the air must be free from 
moisture, otherwise the glass 
will "steam" over and vision 
will be obscured. The seal 
must be such that no air can 
enter and yet be flexible 
enough to permit expansion 
under temperature changes. 
F i n a l l y ,  t h e  g l a s s  i t s e l f  
should b e  o f  a sufficiently 
stable type so that it will not 
ultimately develop a cloudy 
surface. 

Light transmission and 

decorative effects are not the only quali­
ties which recommend glass to the con· 
struction industry. Glass can boast 
insulating properties when made in the 
form of a wool. The appearance of glass 
wool is  similar to mineral wool. It is 
simply a batt composed of very fine fila­
ments. Placed in the wall of a house it 
provides a blanket of stagnant air poc­
kets and it is, of course, very resistant 
to fire. Glass filaments also serve as 
filters. For air-conditioning equipment 
countless numbers of these little strands 
are laid down in crisscross fashion with­
in a box-like structure. On one side­
the outside when installed-the strands 
are coarse to corral the larger impuri­
ties in the air, while on the inside the 
strands are very fine to remove the small­
est particles. Here again resistance to 
fire is an attribu teo 

TEMPERED glass, too, will have 
household uses. Since this remark­

able glass was described in these pages," 
several new uses . have been developed. 
In keeping with the modern trend in in­
terior decoration, this glass has been 
brought forward as a component mate­
rial in furniture ; and, because it will 
withstand great heat, it is to be used for 
fire screens and skylights. In Navy homes 
-the battleships and cruisers-it serves 
excellently for portholes. It brings about 
a great saving in weight because the 
thickness of the glass can be reduced 
from 1% to one half inch with no loss of 
strength. 

Like "taffY" on the production line: glass 
"wool" batts made by patented steam process 

lScientific American, Septemb er, 
1 935,  page 1 3 7 .  

Laminated safety glass for wind­
shields has undergone notable improve­
ment under the guidance of research. 
You may recall the yellowing and 
fogging of the early types after months 
"Scientific American, September, 1935 ,  page 127 .  



Amazing versatility: the only gob.fed machine making both 
small and large bottles-one dram to one gallon capacity 

material really dates back to 
the discovery of boro-silicate, 
heat-resisting glasses_ They 
were products of research 
and immediately opened up 
fields for glass where it had 
never before been practicaL 
They are highly resistant to 
heat, have very hard surfaces 
and great chemical stability_ 
Acids, with the exception of 
hydrofluoric and g I a c i a  I 
phosphoric, show little effect 
on them and they are un­
usually stable in the presence 
of alkalies_ Most household­
ers have used boro-silicate 
glass in the form of cooking 
utensils, the scientific world 
has employed it in the labora­
tory, and industry knows it in 
the form of insulators or con­
tainers for chemicals_ Some 
of the food industries are 
taking to glass piping because 
it can be sterilized easily, 
permits visual inspection, is 
free from corrosion and re-

sists thermal changes_ 
However, recent advances 
in the use of glass piping 
can be attributed not to 
sudden discovery of these 
good qualities but rather 
to better methods of coup­
ling and to lower costs due 
to machine manufacture. 

of  use. The yellowing 
was due to the ac­
tion of ultra-violet rays 
upon the cellulose nitrate 
binder of the laminations, 
while the fogging came 
from the penetration of 
moisture between the lam­
inations. Cellulose acetate 
has replaced the nitrate to 
provide a much more per­
manent product and even 
the glass itself has been 
improved. For many years 
safety glass came only in 
flat form ; now it can be 
had in curved surfaces. It 
requires more labor to 
produce the curved type 
because the two pieces of 
glass must be heated and 
bent with very careful in­
dexing so that when they 
are assembled with the 
plastic between there will 
be no distortion of vision. 

The answer to the 
beer can challenge 

Use of glass tubing in 
beer manufacture is an in­
novation ; bottling the 
product in glass is old, so 
old in fact that it bred the 
belief that beer would al­
ways come in bottles. 
Imagine the rude shock 
when the can manufac­
turers announced that 
they were going to supply 
cans for beer. It was a 
threat of no mean propor­
tion and the glass makers 
accepted the challenge. 
The champion evolved for 
the competitive bout is 
new in shape. It is lighter 

Quite recently a new type of safety 
glass was developed which employs an­
other synthetic resin binder. This resin is 
claimed to have an index of refraction 
almost identical to glass, hence increas­
ing the transmission of light where it 
strikes through the inner glass surfaces. 
The development is significant as indi­
cating the trend of safety glass�better 
transmission of light and greater clarity 
of vision. The problem of fogging due 
to moisture penetration has been solved 
by proper sealing of all types of safety 
glass, and the new glass claims to go 
one step further by using a binder which 
itself repels moisture. 

The advent of glass as an industrial 
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in weight, nearly a third lower in height 
and planned as a one-way bottle. Re­
designing permits substantially faster 
production. So the fight is on. 

lf it is research which has made pos­
sible the recent advances in glass as a 
material, it is the same persistent study 
applied to the technique of manufacture 
which has enabled the many and diverse 
products to be placed at the service of 
the consumer, at a cost the consumer 
can pay. Until quite recently, glass mak­
ing was a hand craft. Glass blowing was 
an art ; the product almost a luxury. 
Then, only a quarter of a century ago, 
innovations began and automatic ma­
chinery became a reality. Sheet glass, 

bottles, bulbs, and tubing underwent a 
process revolution. Let us see what hap­
pened to sheet glass. 

Sheet glass was originally made by 
blowing a cylinder which had to be slit, 
re-heated and flattened. Today it is : 
drawn in sheets vertically from the mol­
ten mass. The early process involved the 
operations of blowing, cutting, flatten­
ing, annealing, and cutting, whereas 
now it involves only drawing and cutting 
for the annealing is done in the drawing 
process. Plate glass, likewise, underwent 
a drastic change in process. It was cast 
and rolled on an iron table until techni­
cians found a way of rolling continu­
ously as the glass flowed from a tank 
furnace. The process of grinding and 
polishing of the surfaces was an inter­
mittent one until the continuous process 
was perfected in recent years to raise the 
production rate from 600 square feet 
in eight hours to 500 square feet in one 
hour. 

THE first fully automatic bottle mak­
ing machine was developed about 

30 years ago and was responsible for 
showing that mechanization of the in­
dustry was not impossible. Today's bot­
tle making machine is far removed from 
the first conception. Molten glass exudes 
from an orifice of the forehearth where 
it is sheared and dropped, a lump at a 
time, into a mold for shaping. It is then 
transferred automatically to the blowing 
mechanism and as quickly expelled as 
a finished bottle. Were it not for the ad­
vent of this machine which can produce 
bottles as fast as you can count, bottles 
could never have been produced at a 
cost which would permit their becoming 
a universal container. 

Electric light bulbs are also made by 
machine, the most recent development 
being a mechanism which can produce 
over a half million of them in a day, and 

Grind 
fit wh 

A "gather" of glass being poured into a heated m 
the glass panel which is shown being ground at top 
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ing a section of decorative glass panel to insure a close 
en finally installed at Rockefeller Center, New York 

form 
of page 

that means bulbs for all at a moderate 
price. The process works automatically, 
beginning with the flowing of molten 
glass like a ribbon onto a chain having 
equally spaced orifices. The molten glass 
sa-gs through the orifices and immediate­
ly another chain overhead causes "blow­
heads" to register with the orifices, and 
elongated blanks are blown. At this 
stage a third chain carrying molds rises 
underneath, the molds surrounding the 
blanks, and the blowing is continued 
until the bulb is formed. As soon as the 
bulb is shaped, top and bottom chains 
fall away and the chain bearing the 
suspended bulbs moves- on to where the 
bulbs are ejected. 

The fourth machine in this group 
which revolutionized the making of glass 
is one for drawing tubes. The tubing 
is drawn from a rotating mandrel which 
is fed with molten glass in a continuous 
stream and the machine also cuts the 
tubing into proper lengths. Once made 
and cut, it is mechanically gaged . for 
diameter, but if a higher degree of ac­
curacy is demanded, an automatic 
weigher sorts the sticks to closer dimen­
sions. Tubing of small diameter can be 
produced at the rate of 100 to 150 miles 
per day. 

OCCASIONALLY, one finds that ma­
chine operations are combined with 

a certain amount of skilled hand work. 
Thermometer tubing is a case in point. 
The blank is formed by hand and con­
sists of an elongated lump of molten 
glass backed by a strip of opal glass, 
carefully formed with a hole in the cen­
ter. And to provide the necessary mag­
nifying power in the finished tube, one 
side of the blank is formed V-shape. 
Following this hand work, which skil­
fully creates a condensed form of what 
is wanted, the blank is drawn upward 
125 to 150 feet into a tower where, after 
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cooling, it is cut into desired lengths. 
This, in short, is the machine which has 
placed accurate thermometers within the 
buying reach of millions. 

The art of glass blowing is not lost 
and, in fact, still holds its place for cer­
tain types of quality products, but it is 
machine development of recent years 
which has made glass in its best form 
an everyday utility. Perhaps the best 
example of this is to he found in an 
insulin bottle. Here medical science, 
glass research, and machine technology 
have combined to bring relief to man­
kind. Insulin requires that a glass con­
tainer be used which is stable in the 
presence of alkalies, hence a boro-sili­
cate glass is used and small bottles are 
produced on a machine with an economy 

and in industry: glass pipes, 
couplings, bends, size reductions 

that makes them a negligible 
cost factor in the distribution 
of this medical aid. 

Presumably everyone has 
heard by now of the 200-inch 
glass reflector cast" for celes­
tial observation, and of the 
plan to use chromium and 
aluminum to give it its final 
reflecting surface. Previous­
ly mirrors had been coated 
with silver, and silver was not 
wholly effective in reflecting 
the ultra-violet rays ; then, 
too, it tarnished easily and 
had to be replaced. Small 
mirrors coated with chrom­
ium and aluminum can be 
used for microscopes, and at 
a cost of a few dollars they 
replace very expensive quartz 
reflectors, while for studying 
ultra-violet stellar spectra, 
mirrors with this new surface 
promise to open wider the 

"Scientific American, J uly. 1935,  
page 3 .  
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secrets of the heavens for scientists. 
For thousands of years, glass had a 

reason for being in that it served man 
as a light-transmitting material. That 
was enough to warrant the creation of 
a large productive industry. But that 
quality of light transmission is not the 
one that is sending it forward today. 
There are other qualities that are 
recommending glass and new qualities 
will undoubtedly be imparted to it 
through the agency of research. 

Much remains to be done. Though 
more types of glass and better glass 
are being made, the field of silica chem­
istry is awaiting further exploration. 
Even its physical nature remains in part 
a secret. Actually, glass is still an un­
predictable material, not yet lending 
itself to precise measurement. 

It is reasonable to believe that where 
there is so much research smoke there 
must be some development fires. One 
cannot witness glass withstanding ham­
mer blows without realizing that its 
potentialities are great, nor can one see 
long flexible strands of the material 
without thinking that somehow, some­
time, it will be treated like any other 
thread to fashion new fabrics with new 
uses. Let us not overlook the fact that 
glass is a modern material despite its 
long history. It is a material unique in 
combining all those qualities-clean 
and attractive appearance, durability� 
fire-resistance, and transparency-which 
are so  eagerly sought in other materials. 
We need to alter our conception of it. 
Then things will happen faster. 

Photographs courtesy : Owens I llinois Glass 
Company ; Libby-Owens-Ford Glass Company ; 
Corning Glass Company ; Hartford-Empire 
Company ; and Pittsburgh Plate Glass Company. 

Plate glass b�ing ground and polished in the 
modern manner, under a battery of rotating disks 



THE SCIENTIFIC AMERICAN DIGEST 

Dr. Oyde Fisher, the many-sided 
curator (botanist, astronomer) of 
the new Hayden Planetarium in 
New York, with the lecture staff of 
the institution. Left to right : Miss 
Dorothy Bennett, Mr. Arthur L. 
Draper, Miss Marion Lockwood, 
Mr. William H. Barton, associate 
curator. Above is represented the 
constellation, not of Cupid, but Sag­
ittarius, on the planetarium dome 

A UTO PARTS FROM 
SOY B EANS 

ONE of Henry Ford's dreams-that of 
. 

raising the raw materials for automo­
bile manufacture on the farm-takes a step 
toward actuality with the construction of a 
huge mill for making molded automobile 
parts from soy-bean plastics, now nearing 
completion at the Ford River-Rouge plant. 
The completed mill fully equipped has a 
projected cost of approximately 5,000,000 
dollars. 

The first machine units, including stor­
age tanks, giant mixers, and presses, are 
now in place and are turning out test parts. 
Actual production of parts will be started 
as soon as the necessary machinery can be 
installed. 

The molding plant will require 86,000 
luare feet of floor space. It will be housed 

a steel structure two city blocks in length 
1 containing several balconies as well as  
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a long open area for molding presses. Mix­
ing of the plastic material will be carried 
out in the balcony structure through a 
series of 26 mixers. The parts will then be 
turned out from the long battery of presses. 
It is estimated that the cQmpleted factory 
will have a capacity of more than 100,000 
parts a day. 

When completed, the plastic mill will 
be the largest factory in the world devoted 
to processing farm products for indus· 
trial use.-A. E. B. 

PHOTO-CELL OUTPUT 

IN response to queries by several readers, 
Mr. John H. Radu, author of the article 

"Make Your Own Light·Sensitive Cells" 
which appeared in our October number, 
writes us that tests of the type of cell de­
scribed show that a current output of ap· 
proximately two milliamperes per square 
inch of cuprous oxide plate may be ex­
pected. 

FINGERPRINTS 

THE largest collection of finger. 
print data in the world now re­

poses in the Federal Bureau of 
Identification of the Department 
of Justice in Washington. The 
fingerprint records of 5,154,254 
persons were on file there July 3 1 ,  
1935. 

MEASLES AND WHOOP­
ING COUGH DECREASE 

MEASLES and whooping·cough, both 
serious diseases of childhood, are on 

the decrease, it appears from figures re­
ported by Dr. Haven Emerson, of Columbia 
University, to the American Public Health 
Association. 

The decrease has been particularly 
marked during the past five years, Dr. Emer­
son found. Deaths from both diseases and 
the number of cases of measles have been 
much fewer. 

This is  not because of any improvement 
in measures to control the diseases, Dr. 
Emerson indicated. Instead, the decrease 
appears to be the result of a change in 
the age distribution of the population. 
Fewer children and more adults in the 
United States within the past decade is re­
flected in the decline of these childhood 
diseases.-Science Service. 

CANAL SYSTEM ON 
UPPER MISSISSIPPI 
STUDIED 

WATER flowing through glass-walled 
channels in the hydraulic laboratories 

of the University of Minnesota, at Minne­
apolis, is  aiding engineers to determine the 
stability of sand dams being constructed 
in connection with the canalization for 
navigation of the upper Mississippi River. 

The 6O-foot long experimental flume has 
glass on the sides and bottom through 
which hydraulic engineers observe swirls, 
eddies and flow conditions with a wide 
range of water velocities and depths. 

High water and flood conditions can be 
simulated by the equipment, according to 
Prof. L. G. Straub of the engineering ex­
periment laboratories, under whose direc­
tion much of the hydraulic research is be· 
ing carried out. 

"Instantaneous closing gates as well as 

- . I I ' -.' : :j / 
.-1 

, .':' " ' ,,�. 

A laboratory set-up that aids in 
studying the stability of sand dams 
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head·regulating gates are arranged at both 
ends of the channel, thus providing the 
possibility of studying a large variety of 
flow phenomena. The arrangement allows 
for the simulation of flow conditions in 
canals and rivers, the effect of abrupt or 
gradual gate opening at ship locks, and 
the like. 

"The introduction of coloring matter in­
to the water at various points along the 
stream assists materially in studying flow 
conditions. 

"The channel is provided with a sediment· 
intercepting basin at the discharge end so 
as to allow for observations of the erosion, 
transportation, and deposition of sediment 
by flowing water. 

"Although the apparatus is quite new, 
a number of investigations have been made 
therein which indicate the variety of tests 
which are possible. These include studies 
of the stability of the sand dams being con� 
structed in connection with the canalization 
for navigation of the upper Mississippi 
River, the design of flood regulating works 
for various hydroelectric developments, and 
the like."-Science Service. 

WINDOWLESS B UILDING 

THE photograph of the windowless office 
building of the Hershey Chocolate Corp­

oration on page 270 of our November issue 
was made especially for us by the York Ice 
Machinery Corporation whose air condition­
ing system has been installed in this build­
ing. We regret the oversight which caused 
omission of the credit line. 

MIGHTIEST DIESEL 
LOCOMOTIVE 
A NNOUNCEMENT by the Santa Fe that 

.ti. it has just taken delivery from the 
Electro-Motive Corporation of the most 
powerful Diesel locomotive ever placed in 
service--and that the new giant, if ex­
haustive tests prove successful, will haul 
the road's crack flier, The Chief, between 
Chicago and California, on a faster 
schedule than at present-marks another 
dramatic milestone in the spectacular drive 
by the management of major American 
lines to regain for the rails their old place 
in the sun with the traveling public. 

With a conservative rating of 3600 horse­
power, a weight of 240 tons, and approxi­
mate over-all length of 127 feet, the Santa 
Fe's new "power house on wheels" over­
shadows any previous application of Diesel 
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PROGRE SS In This Age Of Science 
As Told to SClENTIFIC AMERICAN 
By W I L L I A M  B. S T O U T 

President, Stout Engineering Laboratories, Inc. 

W�EN we finally "unhitch 'Old Dob· 
bin' " from the automobile we are go· 

ing to make some giant strides in auto· 
motive transportation. It may have been 
all wrong as far as the horse·drawn vehi· 
cle is concerned to have the "cart before 
the horse," but it will not be long before 
it is proved to be equally wrong to have 
the car behind the horsepower. When the 
day of the rear.engine car arrives, the 
driver will have infinitely better vision 
from all angles. The automobile will be 
lighter and more efficient and yet safer, 
the ride will be easier, and the body will be 
more roomy without sacrificing maneu· 
verability. In fact, there will be a large 
gain in this respect as well as in comfort. 

Along with the horse·drawn vehicle 
tradition we have such things as the un· 
comfortable transverse seat for passengers 
and driver. The automobile today is the 
only long·distance vehicle in which pass· 
engers are compelled to sit bolt upright 
in a strained position hour after hour 
whether they like it or not. The rear· 
engine car will change all of this. The 
strange part of it is that we have had to 
suffer many inconveniences because we 
have insisted on placing the engine in 

power to light streamlined trains, to rail 
cars, or to relatively light switching loco­
motives. Actually it is a multiple unit of 
two identical sections which can be op· 
erated singly or together, or coupled to any 
desired number of similar units, all of 
which can be controlled by a single op· 
erator. It thus marks the longest step that 
has yet been taken in exploring the possi· 
bilities of applying the flexible and 
economical power of Diesels to any kind' 
of train on main line service. The units are 
arranged for double-end operation, with an 
operator's cab and control station at each 
end. From these control stations the driver 
is afforded a clear view ahead and of both 
sides of the track. 

Motive power of each unit of the loco· 
motive is supplied by two Winton V·type, 
l2·cylinder, high compression, two·cycle oil 

front. The break is beginning to come, 
however; and it will not be long before 
the current type of automobile will be 
just as obsolete from a transportation 
standpoint as the horse·drawn vehicle 
which it has so faithfully followed in 
many respects over the last 25 years. 

engines. Since each engine is conservatively 
rated at 900 horsepower, the two units pro· 
vide a total of 3600 horsepower, all avail­
able for traction purposes. 

These engines are extremely light in 
weight, weighing less than · 20 pounds per 
horsepower, a remarkable weight·saving 
over the usual type of Diesel engine that 
has been obtained by incorporating newly 
designed principles of engineering and 
construction. The fuel used is a compara· 
tively inexpensive Diesel fuel oil, 1600 gal­
lons of which can be carried. 

Among the many new features developed 
especially for this modern type of loco· 
motive is the steam generating unit for 
heating and air-conditioning the cars of the 
train. This is a light weight, compact, auto­
matic unit, drawing its fuel from the same 
storage tanks that supply the main power 
plant, and having an evaporation capacity 
of 2000 pounds of water per hour at a 
working pressure of 200 pounds. The twin 
locomotive boiler water capacity is 2500 
gallons. 

ETHIOPIAN THE OLDEST 
LANGUAGE 

ETHIOPIAN is  the oldest language in 
that it has departed the least in its 

form from the original proto· Semitic, ac­
cording to Dr. John P. Harrington, ethno· 
logist of the Smithsonian Ins!itution. Even 
the Hebrew in which the Bible is written 
has gone a long road of development be­
yond the modern Ethiopian. Hidden away 
in the African Alps, this old language still 
survives, uncorrupted by the centuries. 

The multiple·unit Diesel locomotive described above Let us take for instance the name of the 
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pounds, and it is powered with a Warner 
Super·Scarab engine of 145 horsepower. 
Maximum speed is 162 miles an hour. In 
the fuel economy race, the Cessna made 
13.2 miles to the gallon of gas, and it 
landed over a 50·foot barrier and caine to a 
full stop in only 658 feet. It made a take·off 
of 910 feet over the same barrier. 

The Cessna scored 62 points out of a 
possible 80 on the private owner features. 

Cessna high.wing monoplane, winner of the Private Owner's Race 

The reason we are dwelling at such 
length on the achievements in the private 
owner race is because the points were al­
lotted by impartial and capable judges. 
Their findings indicate that American avia­
tion already has to offer the publIc a plane 
of high performance, good fuel economy, 
and excellent private owner characteristics. 

letter "a." This letter in its capital form 
still preserves today very much of its orig­
inal pattern, which was that of a crude 
figure of the head of the ox. The descend· 
ing strokes at the bottom of capital "A" 
are the horns of the head of the ox. Ancient 
Egyptian has a very similar symbol. The 
natives of central Celebes have similar 
carvings of the head of the water buffalo 
on the beams of their houses. Now the 
name of this letter and of the ox in the 
primitive Semite, spoken 5000 B.C., is "al£." 
In ancient and modern Ethiopian the name 
"alf," ox, is still on the tongues of the 
people. But in the Hebrew of the Bible 
i t  i s  already "aalef," ox, the word having 
been distorted into two syllables and start­
ing with a lengthened vowel. 

Ethiopia is the oldest Christian country, 
having been completely converted to 
Christianity at a date somewhere after 200 
A.D. The Ethiopians were a thoroughly 
Christian country under a heavy priesthood 
at the time when Italy was persecuting 
Christians under the Roman emperors. 

A RACE FOR PRIVATE 
OWNER PLANES 

WHILE no speed records were estab­
lished at the Cleveland Air Races, the 

introduction of a special race for private 
owner planes-stock models--had real sig­
nificance. The National Aeronautic Com­
mittee, in inviting manufacturers to partici­
pate in this new type of race, pointed out 
quite correctly that the American market 
for private planes was opening up, and that 
the contest was very timely. 

There were five tests, four of which were 
run about a week before the races. The 
rules for these tests were as' follows : 

1. Obstacle Take-off and Landing. 
Take·off and landings over a light 50· 

foot barrier. Points allowed, 1 point each 
for each 5 feet less than 1000 feet. 

2. Ma:rimum Speed. 
Tests over 3-kilometer course. Points al­

lowed, 2 points for each mile above 70 
miles per hour. 

3. Speed·Economy Run. 
Closed 150 mile circuit, with at least two 

turning points and stops. Points allowed in 
accordance with the fc;>llowing formula : 

( Useful (Miles Average Speed 
Load) per gal. ) Maximum Speed 

70 
4. Closed Course Speed Sprint 
Five laps around a 5-mile closed course, 

take-off and landing over a lO-foot barrier 
in a lane 100 feet wide. Points allowed : 
Take-off and landing, 1 point for each 100 

Tuning up a fast racing plane just 
before the Thomson Trophy Race 

feet from 1000 foot mark. Speed 1 point for 
each five miles per hour. 

S. Private Owner Features 
Points allowed for field of view ; addi­

tional passengers beside pilot ; side by side 
seating ; enclosure of cabin ; starter ; bag­
gage ; dual control ; adjustable trim ; land­
ing lights ; heating ; ventilation ; tail wheel ; 
adjustable seats. 

The winner of the race was the Cessna 
which is illustrated in our photograph. The 
Cessna is a remarkably clean high-wing 
cabin monoplane, with both wings and 
landing gear entirely of the cantilever type. 
It  is a four· place machine, with a wing area 
of 180 square feet. Its gross weight is 2200 

A SOCIAL REGISTER OF 
FLYING 

-A. K. 

WE welcome the appearance of the "Air 
Pilots Register," probably the first 

work of its kind that has appeared any­
where in the world. It contains a list of 
American War Aces, the holders of the Dis­
tinguished Flying Cross, a Roster of the 
Caterpillar Club, a complete directory of 
airports in various states with adequate 
descriptions of each, a complete registra· 
tion of private flying insignia, and other 
material of interest to those engaged in 
flying either professionally or from an 
owner's point of view. Some of the insignia 
which are carried on their planes by private 
owners are really beautiful. The publication 
is another evidence of the fact that private 
flying is definitely here.-A. K. 

A PORTABLE AIRCRAFT 
ENGINE TEST S TAND 

THE public, flying at three times the 
speed of a railway train and with equal 

regularity, does not realize the growth in 
airplane maintenance and servicing that has 
made such operation possible. Airline oper· 
ators and manufacturers are constantly find­
ing new wrinkles. Thus, General Airmotive 
Corporation has introduced a portable test 
stand for aircraft engines, which is of real 
utility in the field. This comprises a one­
ton truck on which an engine 'test stand 
is mounted. The stand itself is constructed 
of obsolete airplane parts, can be removed 
from the truck in a few minutes, and is 

Portable engine test stand, mounted on a light truck 
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capable of taking any engine from a large 
Wasp down to a small Velie engine, merely 
by changing the plate on the motor mount. 
This is a simple device, but one for which 
many aviation people working under pres· 
sure of time in the field will be thankful. 

THE WORLD'S FASTEST 
LANDPLANE 

-A. K. 

IT was a great disappointment, at the 
Cleveland Air Races, that the Hughes 

racer was not finished in time to compete. 
The fast racing planes were the same that 
had entered the classic speed contests in 
1934, and as a result no records were 
broken and speeds attained were even a 
triAe lower than in previous years. The 
Hughes racer, had it  participated, would 
have undoubtedly "walked away" from the 
field. 

The world's landplane record was estab· 
lished at 314.319 miles per hour by the 
French Jlilot Raymond Delmotte, on Decem· 
ber 26, 1934. Lieutenant Francisco Agello, 
piloting a Fiat motored Schneider Cup racer 
established the world's seaplane record of 
440.2 miles per hour on Lake Garda on Oc· 
tober 23, 1934. Soon after the Cleveland 
races, Mr. Howard Hughes, backer of the 
new design, himself piloted his craft to a 
new world's record of 353 miles an hour. 
This figure, while not yet confirmed by the 
Federation Aeronautique Internationale, is 
nevertheless perfectly reliable. 

Mr. Hughes is a young man, who reo 
ceived a technical education at Rice Insti· 
tute, Texas, succeeded his father in the oil 
tool business and amassed a large fortune. 
He was afterwards equally successful in 
moving picture production at Hollywood. It 
is a fortunate thing for American aviation 
that a 'man of his enthusiasm and means 
has taken up airplane racing as the latest 
of his hobbies 

It may be asked : Why does the land· 
plane record stand so much lower than the 
seaplane record ? The first reason is that 
the seaplanes were developed for the 
Schneider Cup by governments, with no 
practical limitation on cost and power, and 
were powered with engines turning up 
2500 horsepower or more. The second is 
that seaplanes alight on water and can 
stand more landing speed and less wing 
are a ;  the smaller the over· all dimensions, 
for a given power, the greater the speed 
of an aircraft. 

At the same time, the Hughes monoplane 
is fast enough. It is a single seater, open 
cockpit, low wing monoplane. The power 
plant is a Pratt & Whitney twin row Wasp, 
capable of delivering. 1000 horsepower for 
racing purposes. This tremendous power is 
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employed for a machine only 27 feet in 
span, and 140 square feet in wing area. 
To absorb the high power, a large diameter 
Hamilton·Standard controllable pitch pro· 
peller is used, and this explains the some­
what stilt·like appearance of the machine. 
The wheels retract into wells on the under 
side of the wing. 

The Hughes monoplane is quite a rugged 
craft. On its last run over the speed course 
in Los Angeles, a long streak of black 
smoke indicated engine trouble and the 
plane reeled off its course. One gasoline 
tank had been exhausted and another failed 
to feed the motor. In the ensuing forced 
landing, the retractible landing gear was 
only half·way down, yet the damage was 
restricted to a bent propeller and a torn 
fuselage. Mr. Hughes suffered no injury. 

BELT DRIVES FOR FLY­
ING B OATS ? 

-A. K. 

IN a flying boat of the private owner type 
and of small dimensions, the problem 

of propeller clearance necessitates the plac­
ing of the engine well above the hull. In a 
typical arrangement, the engine is mounted 
on a strut framework and the propeller is of 
the pusher type. Even though the clearance 

Top : Belt drive for a flying boat, 
with engine in hull. Below: Stan­
dard practice;  the engine on struts 

between the propeller and the top of the 
hull is  kept at a minimum, the motor is 
bound to be high above the hull itself. The 
private owner flying boat is apt to be ex­
pensive, and the Air Commerce Bureau 
( still actively concerned with the cheapen­
ing of flying equipment ) conceived the two 
following ideas : 1. Use an automobile 
engine of relatively high weight, but low 
price. 2. Place the engine within the hull 
(with obvious advantages in accessibility 
and maintenance) and drive the airscrew 
by means of some type of transmission. 

As a preliminary to putting these two 
ideas into practice, it was necessary to de-

The high-speed Hughes monoplane-world's fastest land plane 

321 

A practical aircraft belt drive 

sign a suitable drive and speed reduction 
between the motor and the airscrew. The 
use of gearing and shafting did not look 
promising, because of weight and mechan­
ical difficulties. Then the Casey Jones School 
of Aeronautics hit on the expedient of a 
belt drive. Under the auspices of the De· 
partment of Commerce, and with the co· 
operation of a belt manufacturer, the Casey 
Jones School has completed a successful 
300-hour run of a belt-drive installation, 
which is illustrated in our photograph. The 
experiment was conducted under operating 
conditions, since the tests were made out­
of·doors, and the installation was subjected 
to dirt, dust, and varying weather conditions. 

An ordinary automobile engine, develop­
ing 88 horsepower at 3800 revolutions per 
minute, was used continuously in conjunc­
tion with a belt driven airscrew, and the 
cost of replacement of engine parts after the 
300·hour test was only about 50 dollars. 

To reduce belt slippage to about 3 per­
cent at full engine speed, six belts were 
employed. With a single belt, slippage was 
prohibitive. At the engine, the pulley was 
bolted directly to the flywheel ; above, the 
six-grooved pulley was mounted in simple 
bearings. Duralumin pulleys were used at 
first, but it is apparently better to resort 
to steel pulleys. 

The belt must have special characteristics. 
A belt never fails because it lacks mere 
strength. It fails because the flexing over 
the pulleys introduces high stretch and ten· 
sion at the outer side, high compression and 
shortening at the inner side. Therefore the 
way to design a belt for these severe con· 
ditions is to place the main strength in the 
center portion of the belt, and to have the 
outer portions made of a flexible material 
capable of being stretched or compressed 
indefinitely without much wear. 

Whether the experiment will be contino 
ued by actual embodiment in a flying boat 
has not yet been determined, but it  certainly 
opens up interesting possibilities.-A. K. 

WATERPROOF GLUE FILM 
AN important new development in the 

.fl. manufacture of veneers and plywood 
which has recently ,achieved success con­
sists in the replacement of the water-soluble 
glue heretofore used by a synthetic resin 
which gives a waterproof and mold-resistant 
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Making a mold of a delicate art ob­
ject, using crisscrossed strips of or­
dinary gummed paper. See the text 

bond of enormously increased strength, says 
Industrial and Engineering Chemistry. 

The idea of using phenol-formaldehyde 
resins as the adhesive bond in plywood is 
not new, but previous attempts to apply the 
idea have met with limited success. The 
problem has been solved by preparing a 
special type of resin in the form of a thin 
sheet. This product, known commercially 
as Tego glue film, has been developed by 
the Resinous Products and Chemical Gom­
pany of Philadelphia, in conjunction with 
the Theo. Goldschmidt A_-G., Essen, Ger­
many, and is being manufactured and used 
in this country on a large scale. 

The new type of plywood veneer is being 
specified by manufacturers of furniture, 
radio cabinets, airplanes, and so on, and 
not only will replace the older type in many 
cases, but is expected to open up important 
new uses for plywood. Its use in the manu­
facture of pre· fabricated houses is engaging 
serious interest, and is of great importance 
to the immense fir plywood industry of the 
Pacific Coast. This new resinous glue in 
sheet form is also finding application in 
such products as the bonding of laminated 
phenol· formaldehyde panels to wood, and of 
thin wood veneer to fireproof asbestos 
board.-A. E. B. 

CANNED BEER 

ONE can company, it is reported, 
has installed facilities for turn­

ing out 50,000,000 beer cans 
monthly by the end of this year. 
The canned beer idea seems to be 
catching on at a tremendous rate. 

DELICATE ART WORKS 
COPIED BY FOUR CENT 
PROCESS 

BEAUTIFUL sculptured art works, that 
never before could be reproduced for 

fear of damaging the delicate surface, can 
be copied safely by an ingenious and in­
expensive new process. The process, de­
vised by Lamont Moore-of the Newark 
Museum ( New Jersey) staff, shown in the 
illustration-has been successfully tried first 
in making a cast of a famous ancient 
Indian sculpture, the head of a Mayan corn 
god belonging to Peabody Museum, Cam­
bridge, Massachusetts. 
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Knowing that beautiful colors painted 
on the corn god's image would be ruined 
if oil or grease were applied, as is necessary 
in making an ordinary plaster of Paris 
mold, Mr. Moore determined to find a way 
to produce the copy that his museum 
wanted for exhibit. 

His process, evolved after many experi­
ments, is to stretch several layers of ordinary 
paper handkerchiefs over the surface to be 
copied. Over this soft layer which protects 
and fits to the sculptured contours, he 
crisscrosses narrow gummed paper until 
three layers of the gummed strips have 
been built up over the features, forming 
a perfect mask. The mask is lifted from 
the sculpture, and greased, shellacked, and 
plastered in preparation for use as a mold. 

Cost of making such a mold, Mr. Moore 
finds, i s  only about four cents, and some 
15 reproductions can be cast from it. An ex­
perienced worker can make a mold by this 
process in eight hours or less.-Science 
Service. 

S URFACE ILLUMINATOR 
AIDS MICROSCOPISTS 

WORKERS on opaque materials under 
the microscope have been complain­

ing for a long time about the difficulty of 
evenly lighting their specimens without a 

Better light for the microscopist 

battery of lamps distributed around the 
stage. 

The accompanying illustration shows a 
new surface illuminator, developed by 
Bausch and Lomb, which supplies a well­
balanced annular cone of light. It can be 
varied in both intensity and incident angle. 
It will reveal details in irregular surfaces 
as no previous illuminating source has. 

The little instrument is simply a ring 
holding six bulbs spaced equally around 
the inside of the ring with individual re­
flecting surfaces back of each bulb. The 
ring slips over the microscope objective 
and is held in position by an extension rod 
suspended from a clamp attached to the 
eyepiece adapter, which may be either 
vertical or inclined. 

The small bulbs are 2.5·volt, 0.3 amperes 
and are made in either clear or daylight 
glass. The light may be dimmed to any 
degree of intensity by means of a trans­
former with variable resistance and switch 
for nO-volt, 50- or 60-cycle, A. C. For di­
rect current a converter is supplied. 

At present the illuminator is made only 
for 48-mm, 32-mm, and 16·mm microscope 
objectives. It is particularly useful with 
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any conventional monocular laboratory 
microscope whose body tube is  35- or 39· 
mm in diameter, or with the Toolmaker's 
Microscope. 

LITTLE GIRLS TURN BLUE 

FOR the rest of  their lives 10 little girls 
will face the world with blue or slate· 

gray complexions. Within the last year these 
girls, as well as five boys, have develop�d 
argyria, a discoloration of the skin or tis­
sues resulting from the free use of silver 
preparations. At present, no treatment for 
the condition is known. 

Dr. L. Edward Gaul and A. n. Staud, 
New York City, discuss the alarming in­
crease in argyria in the J oumal 0/ the 
American Medical Association. Seventy 
cases of this permanent discoloration of the 
skin have been reported. The number of 
cases has increased more than 100 percent 
in the last five years, these medical work­
ers state. 

The disfigurement of the 15 children 
mentioned, all of whom are under 10 years 
of age, followed the use in the nose and 
throat of solutions containing silver for the 
treatment of colds and allied conditions. 
Argyrol, collargol, and neo-silvol are the 
silver compounds involved, according to the 
report of these two scientists, both of whom 
are connected with the New York Post 
Graduate Medical School and Hospital, 
Columbia ,University. The human body, state 
Dr. Gaul and Mr. Staud, can retain only so 
much silver-an equivalent of eight grams 
of silver arsphenamine. If more than seven 
grams from this or any source is taken in 
argyria develops. 

The discoloration first appears on the 
face, neck, hands and the half-moons of the 
finger nails, as a result of the chemical 
action of the light on the retained silver.­
Science Service. 

NEW BRAKE TESTER 
FOR CAR OWNERS 

THE King Pin Test-A-Brak is the new­
est recording device for testing the 

condition of an automobile's brakes. Its 
operation is so simple that any automobile 
owner can make his own recordings. The 
new device indicates whether brakes are 
in a safe, doubtful, or dangerous' condition. 

Test your own brakes 



DECEMBER · 1935 

It records the approximate distance required 
to stop a car at a speed of 20, 30, and 40 
miles per hour. There are no bulbs, wires 
or cables to get out of order. The unit is 
self·contained in a Bakelite molded case. 
It is manufactured by the Allbestos Cor· 
poration. 

INSULATING CEMENT 

ON page 206 of our October number was 
described an insulating cement, 

Sonittep, and the statement was made that 
1000 pounds of this cement will cover 50 
square feet to a depth of one inch. This was 
a typographical error ; the statement should 
have been that 100 pounds of the cement 
will cover 50 square feet to a depth of one 
inch. 

WITHIN the past few years some men 
of science have endeavored to under· 

stand the ultimate nature of things, and 
some of them their meaning. Thus, what is 
spoken of as the "philosophy of science" 
has attracted widespread attention, rather 
more without scientific circles than within 
-possibly because of the linkage of these 
thoughts with faith. Most scientists intu· 
itively feel that the search for truth-final, 
ultimate truth-by means of the methods 
of the scientist is either far beyond our 
present reach or forever unattainable. 
Therefore they do not try to find out why 
things in Nature work or why they exist, 
feeling that these questions are beyond the 
province of science. Their first aim is  to 
find out how all things work. A similar 
thought of defeatism in the solution of the 
problems of the philosophy of science is 
expressed in the following verse written 
by a reader of this magazine, Anna Ball, of 
Colton, California :  

THE QUESTIONNAIRE 
By Anna Ball 

"What is this, Mother ? "  "The rain, my 
child." 

The desert lupin looked up and smiled. 
"Mother, there shoots a strange, sweet thrill 

along my roots. 
What is  'rain,' Mother ? How is it made ? 
Mother, the dim sky makes me afraid. 
Mother, why is it I feel so glad 
When all the wide world's dim and sad ? "  
The mother answered : "Because o f  the 

rain." 
"What is 'rain,' Mother ? Tell me plain." 
The mother answered : "This i s  the rain.'� 
"But what is it, Mother ? I have to know." 
The Mother answered : "H20, hydrogen, 

-oxygen-H20." 
"But Mother, that's no plainer, you know." 
"You be satisfied because it's so." 

TRIBOROUGH BRIDGE 

BRIDGES have played a tremendous part 
in the march of progress. Today their 

significance is greater than ever before due 
to the serious traffic problems brought 
about by the steady increase in the use of 
automobiles. In thickly populated sections 
where traffic congestion is an accepted thing, 
each new bridge is welcomed by motorists 
with a sigh of relief. This has been. the 
case with all bridges around New York 
City, but the Triborough Bridge, across the 
East River, has particular value because of 
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Make this 
� C!Cultural C!Cbristmas 
Remember that 
SCIENCE IS THE NEWER CULTURE 

SCIENCE has become a truly great American culture. It is a 

tremendous moving force shaping a new type of civiliza­

tion ; it is giving us new and finer weapons to fight the age-old 

problems of mankind--especially disease. It lightens our labors 

and daily develops new things for our comfort, convenience, 

and happiness. 

FOR CHRISTMAS, SEND YOUR FRIENDS-

SCIENTIFIC AMERICAN 
"Dean of Magazines" 

so that, in keeping abreast of the times through our authoritative 

interpretations of science's influence on their daily lives, they will 

have a monthly reminder of your thoughtfulness. 

PURE SCIENCE 
INDUSTRY 

ENGINEERING 
AVIATION 

ASTRONOMY 
ALL THE uOLOGIES" 

A S you know, Scientific American is $4.00 per year ; $7.00 for two 

rt years ; and $10.00 for three years. This Christmas you may 

take a two-year or a three-year subscription and split it, sending 

each year to different friends at different addresses. (Canadian 

postage 50c extra for each year ; foreign postage $ 1 .00 extra for 

each year.) We will mail gift announcements. 

SCIENTIFIC AMERICAN 

24 West 40th St. 
New York. 

Please send Scientific American for one year 
to each of the following names. I enclose the 
necessary amount as per the terms of your Christ­
mas "split subscription" offer ( plus Canadian 
or foreign postage ) . I indicate below how you 
are to sign the gift announcements. 

Name . . . . .  . 

Address . . . . . . . . . . . . . . . . . . . 
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Name . 
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WORLD V O YA G E  O N  R O YAL YACHT 
SIXTH UNIVERSITY WORLD VOYAGE-February 6th to 
June 26th, 1936, on world famous oceanographic yacht "HIRON­
DELLE", former yacht of the Prince of Monaco. Utmost luxury, 
unusual itinerary, official entertainment. Write for details to 

UNIVERSITY TRAVEL BUREAU 
66 Fifth Avenue 

� ... "'''''I Americans are 

proud of the industrial achieve­
ments that have made their 

brawn, courage and ingenuity 
world famous. The chief dis­
ease which threatens that su­
premacy is tuberculosis. It is 
the greatest cause of death be­
tween the ages of 15 and 45. 
Help protect American man 
power from this enemy by pur­
chasing the Christmas Seals 
that fight it all year round. 
The seals you buy today may 

save your life tomorrow. 

New York, N. Y. 

B ll Y C H R I S T M A S S E A L S  
The National, State and Local 
Tuberculosis Assoeiations of the 

United States 

Amateur Telescope Making 
ALBERT G. INGALLS, Editor 

All the information you will need as to grinding, polishing and silvering 
mirrors. How to test and correct them. How to design and build a mounting, 
together with a few chapters of more advanced work. All in language any­
one ·can understand. $3.00 postpaid domestic. 

SCIENTIFIC AMERICAN, 24 West 40th St., New York 
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its strategic position at the focal point of 
three boroughs. 

This bridge will be a new arterial high. 
way for vehicular and pedestrian traffic be· 
tween the boroughs of Queens, Manhattan, 
and the Bronx, connecting as well with Ran­
dall's and Ward's Islands over which it 
passes. The Queens to Bronx branch of the 
bridge will form a junction with the Man­
hattan branch on Randall's Island. 

The bridge structure will consist of It 
suspension bridge over the East River,

' 
a 

vertical lift bridge over the Harlem River, 
through truss spans over the Bronx Kills 
and adj acent railroad yard, together with 
plate girder viaduct structures

' 
on the 

Queens and Manhattan approaches, over 
Ward's and Randall's Islands and Little 
Hell Gate. These structures, comprising the 
bridge proper, will aggregate a total length 
of three and one half iniles. Also included 
in the project are highway connections in 
the three boroughs totalling 14 miles of 
modern highway construction. 

The bridge between Queen!! and the 
Bronx will provide for two roadways, each 
43 feet 6 inches wide, on a single deck, for 
a total of eight lanes of traffic. The M an­
hattan branch will provide two three-lane 
roadways, 33 feet 6 inches wide for a total 
of six lanes of traffic. Sidewalks for pedes­
trians will be provided throughout. The 
suspension bridge over the East River will 
have a main span of 1380 feet and side 
spans of 705 feet. The deck will be sus­
pended at a clear height of 135 feet above 
the water level from two parallel wire cables 
of 20%' inches diameter. The cables are to 
be spaced 98 feet apart and will pass over 
the tops of two 300·foot towers. The anchor­
ages contain a total of 140,000 cubic yards 
of concrete. A total of approximately 62,000 
tons of structural steel will be required for 
the entire bridge structure, including the 
viaducts and truss spans. 

Concrete piers have been completed on 
the Queens Approach and the steel viaduct 
structure has been erected. The piers and 

. viaduct structure are also in place on 
Ward's Island. The remaining work to com­
plete the proj ect is being prosecuted vigor­
ously and it is anticipated that the bridge 
will be open for traffic in the summer of 
1936. 

EELECTRICITY 

ELECTRICITY can be ichthyologically 
produced, whereupon it might be con­

sidered as eelectricity. In the Aquarium in 
New York, for example, there is a six-foot 
length of Electrophorus electric us, or 
electric eel. This swimming central station 
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regularly supplies the necessary energy for 
lighting a couple of neon glow lamps thrice 
daily, says the General Electric Review. 

The two two-watt neon lamps are at­
tached in parallel to antenna loops atop 
two aluminum wires submerged at the ends 
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of the eel's 10·foot tank. At first the eel kept 
the lamps glowing much of the time, but 
then he became temperamental. Now he 
works only when tickled with a copper 
wire ; and the tickling procedure is con· 
ducted at 1 1 :30, 2 :00, and 4 :00 o'clock in 
t he presence of spectators. 

Only one side of the neon bulb is ilium· 
inated, showing the discharge to be direct 
current. Experiments have indicated the 
voltage to be from 125 to 200 volts. 

SOLAR VARIATION 

OBSERVERS of the Astrophysical 
Observatory of the Smithsonian 

Institution have finally proved that 
the sun is a variable star, that its 
heat varies from day to day and 
from month to month. 

REVIVING OIL WELLS 

WITH CHEMICALS 

CHEMISTRY has come to the aid of the 
oil industry since it was discovered 

that a dormant or exhausted oil-well may 
be revived by pumping hydrochloric acid 
down the pipes to the floor of tbe oil pocket. 
The acid attacks the calcareous formations 
developing considerable gas pressure and 
ej ecting oil not readily obtained by pump· 
ing. 

But here the chemist is called upon to 
perform another bit of legerdemain-the 
acid must not attack the iron of the down· 
pipe or the pressure pumps, but must act 
upon the calcite rock. To obtain this dis· 
criminatory action, the chemist uses sub· 
stances that he calls inhibitors. Just as there 
are catalysts which accelerate certain chern· 
ical reactions, so these substances retard 
the action on the metal. In this case, how· 
ever, the selective action is of great impor­
tance, as it is not desired to retard the 
action on non-metallic substances.-A. E. B. 

WERE OUR ANCESTORS 

"MAGNIFICENT 

SAVAGES ?" 

A SURVEY by Prof. A. V. Vallois of 
present knowledge relating to the 

diseases of prehistoric man, communicated 
to the Institut de Paleontologie Humaine, 
appears in La Revue Scientifique, Oct. 27, 
1934. The general conclusion is ' that it is 
an error to suppose that our ancestors, live 
ing a wild and savage life, had acquired 
a greater resistance to disease than 'our­
selves. There is, however, a difference in the 
diseases which were most prevaleJ}t, and 
this distinction is to be observed not only as 
between modern man and neolithic man, 
but also as between neolithic man and 
paleolithic man. Rickets does not appear 
to be present in paleolithic man, but there 
Is abundant evidence of rheumatoid arthri· 
tis, attacking the vertebrae as well as the 
limbs. It becomes increasingly common in 
the neolithic and bronze ages. 

Evidences of wounds are not very common 
in the paleolithic period. In the neolithic 
age they become more frequent and are 
found in all the bones. Two facts are noticed 
-the presence of flint arrowheads in the 
injuries, especially in the dorsal vertebrae, 

( Please turn to page 335 ) 
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ENJOY NEW YORK 

IN THE WALDORF MANNER 

A m o s t  attrac t i ve feature  of Th e 

Waldorf-Astoria is its sparkling social 
Jife . . .  its balls, banquets and dances 

_ . .  its gay restaurants where New York 

gathers to enjoy sophisticated enter­

tainment and the most famous orches­

tras of the day. 

The WaJdorf-Astoria is a gracious 
home with rooms that are charmingly 

furnished and comfortably appointed. 

Single rooms are $5, $6, $7; double 

rooms are $8, $9, $ 1 0. 
About-the-City-Bureau arranges sight­

seeing trips, shopping tours; gives in­
formation about theatres , art exhibits , 

c o nc erts ,  m u s e u m s ,  and h i stor ical  

places; secures guides and interpreters . 

T H E  

waLDORf 
aSTORia 
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THE AMATEUR TELESCOPE MAKER 
Conducted by A L B E R T G. I N  G A L  L S 

O R. YOUNG and Son are machinists 
• at Roanoke Avenue and Fifth Streets, 

Riverhead, N. Y., their letterhead indicat­
ing that they do welding, sheet metal work 
and so on, and they have made a pretty 
swanky observatory for their own use. We 
show two pictures of it. "The observatory," 
O. R. Young writes in answer to our bid 
for more information, "is 16 feet in di-

The Young Observatory 

ameter on the inside and is made of build­
ing blocks. The dome has a wooden' frame 
covered with Sislecraft paper and 20·gage 
galvanized sheet, soldered. The dome turns 
on an angle· iron circular track on ten 8" 
flanged wheels. It is turned by hand with 
a crank mounted on the side wall with a 
pair of bevel gears and a shaft and pinion 
which meshes in the circular rack fastened 
to the bottom of the dome. The hatch slides 
on a circular angle-iron frame, and is 
worked by a hand chain with worm and 
gear connected to the rack on the hatch by 
three lengths of  shaft with universal joints 
between each piece. 

"We did not make the objective lens. The 
objective is of 8" aperture with a focal 
length of 130". The tube is seamless and 
made of a magnesium aluminum alloy Ys" 
thick, which makes it light and rigid. The 
fittings are of bronze. 

"The equatorial is made of steel, fabri­
cated by the electric arc. Both the declina­
tion and polar axis shafts are carried on 
Timken precision bearings. The circles are 
bronze, 16" in diameter. The hour circle is 
graduated to 1m and the vernier reads to 5'. 
The declination circle is graduated to IS' 
and the vernier reads to I'. 

"The equatorial is mounted on a 10" extra 
heavy pipe which goes into the - ground 
about five feet in about four yards of con­
crete. There are provisions in the head for 
adjustment both ways for setting the polar 
axis. 

"The electric drive, which is of our own 
design, consists of a box made of I"  cold 
drawn steel 7" by 7" by IS", with two parti­
tions, making three compartments in which 
are mounted in a series three 40-to-I worm 
drives, and one variable speed friction disk, 
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which are mounted on Timken bearings. 
"The power is a Ys h.p., 1800 r.p.m., 1-

phase synchronous motor driving the first 
worm reduction. There is then interposed 
the variable speed friction disk. The driver 
is a steel disk held in contact with the edge 
of the driven Formica disks by spring ten­
sion. The driven disk slides on its shaft to 
give the variation in speed. and is con­
trolled by a graduated dial on the outside 
of the box. All the gears run in oil. 

"On the last worm gear shaft, which ex­
tends out through the end of the drive, is 
a bronze drum with a half round thread 
cut on it of the same pitch as the diameter 
of the Monel cable, which runs up over a 
grooved sheave on the worm shaft on the 
equatorial, and then down through the col­
umn, with a weight on it. The drum has a 
ratchet for winding the cable on it, and 
holds enough cable for about 4 hours' 
running. 

"You will note from the photograph that 
we have a polarizing eyepiece for solar ob­
servation. This screws in place of the regu­
lar eyepiece holder. This we made from 
aluminum castings, mounting four black 
glass flats inside on a 57 " angle. 

"Another thing is a sidereal clock which 
we made, a picture of which I am enclos· 
ing. We bought a No. 68 Seth Thomas 
movement, took off the train of gears which 
moves the hour and minute hands, and cut 
another set of gears with a compound gear 
I-to-2 for the hour hand drive. These we 
mounted on a brass plate which we 
screwed to the front frame of the move­
ment and which gave us a 24-hour clock. 
The face is aluminum and the figures and 
graduations are filled with black Duco. 
The case is arc welded steel sheet with 
screwed bronze doors, which makes it prac­
tically dust or air tight." 

JUDGING from letters reo 
ceived, also from your 

scribe's own recollection, most 
beginners find that the knife� 
edge test leaves them with 
severe headaches from eye 
strain. For the first year or so 
this test is generally nerve­
wracking, after which it seems 
to flatten out so that looking 
at the shadows as long as one 
wishes to do so is no harder 
on the eyes than looking at 
the scenery at a bathing beach 
or at a pound of butter. Per­
haps the following hints will 
help : 

testing, and have your head well back, with 
no knots tied in your neck-relax. If pos­
sible, rig something for your left elbow' to 
rest on, while manipulating the knife· edge, 
and have it at "just right" height, but this 
rest ought not to be on the same base as 
the knife-e'

dge. Adjust the mirrbr so that 
the cone of returning rays is high enough 
above the table or board on which the knife· 
edge rests to permit you to get your chin 
on top, or else have the knife-edge come 
so near the edge of the table that your chin 
is not a factor. 

The worst source of headache and nervous 
tension is trying to close the other eye when 
making the test, just as it is when using 
a telescope or microscope. Leave the other 
eye entirely open, as all microscopists and 
astronomers do ; you will soon learn to for­
get or ignore the extraneous image on its 
retina-it is  on the eye but not in the brain, 
as it were. Don't squint or screw up the 
eye you look with-just look with it as you 
would look off down the street, wide open, 
easy and naturally. 

A third factor is psychological : At first 
you do not seem to see all you had hoped 
to see and, thinking that all others see 
everything, you become irritated at your· 
self and thus waste nervous energy-like a 
bunkered golfer. It may, therefore, help if 
you are told that no one sees everything in 
the test at first and, in fact, mighty few 
ever do become well enough trained to ex­
tract all the juice from it. Insight comes 
gradually, hence you should not expect to 
pick it all up, or even a quarter of it, within 
a month or so. You will see enough to work 
with, after playing with the test for a few 
sessions, but the education of eye and brain 
goes on practically forever. 

If you are still doubtful about all that 

The first thing is to place 
one's self in a completely com­
fortable, relaxed position, and 
get into a placid, limp, easy­
going frame of mind. To make 
physical relaxation better pos­
sible, find out the height of 
your eye when sitting in a 
slouched position in a chair, 
and then place the test stand 
at the same height. Sprawl 
out your feet and arms when The Young refractor. Note motor drive 
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has just been written, as applied to your 
own case, perhaps it will encourage you to 
hear that the writer had all of  "these troubles 
for months, and then none of them. 

AYEAR or so ago we decided to find 
out, i f  possible, about the matter of 

alleged local figuring of optical surfaces by 
means of the heel of  the hand, the thumbs, 
or the fingers, which some said was a myth 
and others said was a recognized method of 
the old timers. We referred the question to 
a professional, and he told us the tradition 

Sidereal clock, Young Observatory 

was based on a myth, and we believed him, 
stating that belief in this department. Pretty 
soon, however, we began receiving reports 
from various amateurs who were actually 
doing it. First it was Clyde Tombaugh, who 
has his name "writ large" on Pluto. He 
wrote, "One's thumb is an excellent tool to 
rub glass. The method is supreme for cen· 
tral hills." Then came S. H. Sheib of Rich· 
mond, telling us he used the middle finger 
of his hand and that the method worked 
well-too well, in fact, until he found that 
a little of it went quite a way. Next, Wallie 
Everest said he used the method regu­
larly-fingerti ps, in his case ; following 
which J. H. White of Cranford, N. J., men­
tioned his recollection of many years ago 
watching Alvin Clark working on a lens 
with a very broad thumb. 

It began to look as though the ayes had 
it, and so we tried the method on a mirror 
which had a raised ring in the outer zone : 
mirror inverted, thumbs dipped in rouge 
mixture, and worked on the zone with short 
strokes as the pedestal was circumnavi­
gated, knuckles used as a gage and control 
of distance in from edge. The zone came 
down and the method proved to be capital. 
Thus another fine theory is blown to rib­
bons by a mere fact ; it may be true that 
a live meat local polisher ought not to 
work, but apparently it does. One thing to 
remember is that a little of this method 
goes a long way-otherwise your raised 
zone becomes a valley and your central hill 
a well. A little preliminary practice and 
gradual "feeling out" of the method will 
reveal its safe limits before any serious 
damage is done. 
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Amateur Telescope Makers 
To make a GOOD telescope requires suitable materials. 
You caunot afford to fail because of poor stuff. 

We offer supplies selected after loug experience, at 
prices extremely low considering their high quality. 

A six· inch telescope MIRROR OUTFIT:-glass, abrasives, pitch 
and rouge ;-AII you need to grind and polish a GOOD 
parabolic mirror WITH INSTRUCTIONS . . . . . . . . . . . . . . . . . . . .  $5.00 

A suitable EYEPIECE :-positive, achromatic . . .  . . . . .  $4.00 

A really accurate one-inch PRISM ( inferior prisms introduce 
distortions which ruin the definition of even the best mir� 
ror ) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . .  $6.00 

With these, and patience and intelligence, you can make a 
REAL ASTRONOMICAL TELESCOPE. 

We will also answer your questions and test your mirror. 
These services are free. Write for our price list 0/ supplies. 

JOHN M. PIERCE 11 Harvard St., Springfield; J' ermont 

GOOD MATERIALS AT FAIR PRICES 
That's our motto--and, 01 course, unlimited Advice and Testing free. 

Six-inch Kits with finest annealed plate for Speculum and Tool, 
eight grades of Abrasive, Polishing Materials and Instructions 

$5.00 
A small but correct Star Map included this month with all Kits. 
Eyepieces, Prisms, Mountings and parts, rough cast or finished. 
Correcting, Aluminizing, Silvering. 
Finished Instruments of a quality which has pleased others and 
will please you. 

Send 6c for fully illustrated Catalogue 

T I N S L E Y  
3017 Wheeler Street 

L A B O R A T O R I E S  

ALUMIRIZDfG 
F O R  T H E  P R O F ESS I O N A L  - F O R  T H E  A M AT E U R  

Mirrors, diagonals, secondaries and other 
optical surfaces up to 36" in diameter. 

Brilliant and beautiful long life aluminum coat­
ings with our new high speed evaporating 
equipment increase the efficiency and reduce the 
maintenance cost of reflecting surfaces. 

Prices : 4"-$ 1 .75, 5 "-$2 .00, 6"-$2 .50, 
7"-$3.00, 8"-$3.50, 9"-$4.25, 1 0"­
$5 .00, 1 1 "-$6.5 0  and 12 V2 "-$8.00. 

LEROY M. E. CLAUSING 
5 507-5 509 V2 Lincoln Ave. Chicago, 111. 

Telescope Mountings 
HEAVY PRECISION MOUNTINGS 

FOR ADVANCED AMATEURS 

Send for Circular 

LEE MFG. CO. 
1 4269 Northlawn Ave. Detroit, Michigan 

TELESCOPE MAKERS 
M I RROR OUTF ITS. complete with 2 gl ... dl ... , 
abrasives. tem pered pitch. beeswax. rouge tem plate and 
i nstruet ions--6"-$4.00. Other s izes proporti onately 

��R�ltl \rr,��WS
to a�ny�::ve�h·6))'�r:10 ; 8"-$8.00 

PRISMS GUARANTEED SATISFACTOR� 
%" or 1 1 / 1 6"-$1 ; 1"-$2.75 ; 1 %"-$4.50 ; 1%"-S8. 

F.lotlon Slide EyePleoe
.
and , �oo P.lsna Holde., r.adb to attach . . . . . . . .. , � 

Flnde. :�!�I�c�W��·b::.�.a�e;:o���:h '550 
RAMSDEN EYEPIECES- fln.st qual ity I.n •• s 
In brass mountings. standard I V4"  d l am . 
Y' " or %" F . L  . . ............... $4.00 ; I "  F . L  . .. . . ........... . $2.50 
% "  F .L . 'S lens eyepiece stand. I V4" dla  . . . . . . . . . . . . . . . . .  $3.00 

�.i�L:t:n�a�d 
lerY4 ,�r��:�:r!� . . . �.�.�.�.I.�.�� . . . �.:.�.':. $4.00 

C E L L .  adjustable. 6" a l u m i n u m  .. . .. . ...... . .. . ..... ... . . ..... . $4.50 
S P I D E R  P R I S M

il
H O L D E RS. adjustabl •............ $2.50 �O�

t
��

d
l • .:ll��.,� .:;';.\����:I��:� . . 9

.
I�S .• :

. $1 .50 
F R E E  catalDo Teleacopes, Micro8copes, Binoculars, 
etc. Complete Instructions for Telescope Mak·inu, l Oco 

PRECISION OPTICAL SUPPLY CO. 
991 E. 1 63rd Street New York City 

Berkeley, California 

RACK and PINION 
With support and 

"
holder for prism or fiat.  Polished brass. 

SPECIAL $5.00 COMPLETE 
Give diameter of telescope tube and exact size of prism or 
tlat. Chrome Plated 50c extra. 

ALBION SUPPLY CO. 
67 Albion Street Somerville, Mass. 

TOLLE S EYEPIECES 
Get the advantage o f  a soUd ocular. Ghostless. 
color free. finished in nickel and black enamel. 
Y2 " & Y. " e.I. I .  @ $6.00 Y." e.I. I. @ $8.00 

ALUMINIZED DIAGONALS 
for 6" mirror ........ $1.50 for 1 0 "  mirror ........ $2.50 
for 8"  mirror ........ 2 .00 for 12" mirror ........ 3 . 5 0  

MIRRORS PARABOLIZED 
Good figure guaranteed. Rates  very reasonable. 

C. H .  N I C H O LS O N  
29 1 2  N .  R ac ln.  Avenu. C h i cago. I l l i no i s  

Fluorescent Materials 
Ultra-violet Lamps and Filters for experimental 
and laboratory work with "Black Light." Also 
Spectroscopes, Ray Filters and Accessories. 

Ca ta log 1 0  cents 
LA B O RA T O R Y  S P E C I A L T I ES Co., Box 1 25, Wabash, I nd. 

SUPPLIE S 
MIRROR KITS 

ABRASIVES 
PITCH 

PRISMS 
EYEPIECES 

BRASS TUBING 
ACHROMATIC OBJECTIVES 

ELLIPTICAL DIAGONALS 
ALUMINIZING 

Write for Free Price List. 
AMERICAN TELESCOPE CO. 

4008 Addison St., Chicago, III. 
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ACCIDENT & SICKNESS 
POLICY 

PREMIUM $10 A YEAR 
Payable $2.50 down, balance 

in monthly paymen.ts 

NO MEDICAL EXAMINATION 
Ages 1 6  to 69 Year. Accepted 

Some of the features 
of this limited policy 

$1 0.000 Principal Sum. 
• 

$1 0 000 Loss of Hands, 
• Feet or Eyesight. 

• 
$ 2. 5  Weekly Benefit 

for Stated Aeelden .. and Slcknes. 
DOcrOR'S BILLS, Ho.pltal DeneSt 
and other attractive features to help 
you In time 01 need, all a. ohOWD In 
poUey. 

GET CA.SH • •  not Sympathy! 
in case of automobile, travel, ped­
estrian and many other commoll 
accidents. Can you aJrord t o  have your salary 
stop, p ay doctor and household expenses in 
case of Ulness, such as lobar pne1imonia, ap­
pendicitis operation, etc., or any of the many 
common sicknesses covered in this strong 
policy ? 

Over $21 ,000,000 Paid in Claims 

A S U D D E N  ACC I D ENTI 
A S U D D E N  SICKNESS! 

Can you say neither will happen to you ? 
Then don't delay another day. Proteet your­
sell b,. Inonrlng In the larsest and oldest 
exellUive Accident and Sicknc.. Insurance 
Company in America. Send the coupon NOW 
for eomplete information about our NEW 
$10 PREMIER LIMITED $10,000 POLICY 
-and proteet your lamily. 

• 
Under direct supervision of 46 
State Insurance Departments. 

• 
ESTABLISHED OYER 49 YEARS 

Cllp and ma.il this coupon for Free Booklet " ClUh or SYmpathy,"' 

MAI L T H I S  C O U P O N  NOW ! 
North American Accident 
Insurance Co. (of Chicago) 
64i Title Bldg., Newark, N. l. 

Gentlemen : 

AI: no cost to me, send copy of your 
FREE booklet "CASH or Sympathy." 
There is no obligation. 

Nmne ______ � ______________ __ 

Addre •• , ____ ...,.. ____________ � 

Cit,. 

A G E N T S  W A N T E D  For LOl a l  Ter n ' c c ,  

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

Horace E. Dall, 166 Stockings tone Road, 
Luton, Beds., England, submits the follow· 
ing suggestion for a direct method of mea· 
suring the angular diameter and physical 
appearance of certain stars. "So far as the 
writer is aware," he points out, "the follpw· 
ing suggested method has not been put 
forward before and, although limited in 
application to about 10 percent of the sky, 
it may prove to be capable of giving infor· 
mation concerning the diameter and dis· 
tribution of light on star disks unobtainable 
by any other known means. 

"It is of course well known that the stars 
occulted by the moon apparently disappear 
instantaneously, due to their · exceedingly 
small angular diameter. Actually; in the 
case of a certain number of stars, the time 
interval of occultation is  by no means be­
yond the powers of modern electrical 
methods of recording. The method proposed 
is to direct the light from the star approach­
ing the dark limb on to a sensitive photo­
electric cell of the type which responds 
practically instantaneously to light varia· 
tions. The small electromotive force gener· 
ated would be conveyed to an amplifying . 
unit employing thennionic valves, and the 
current from these would in turn be con· 
veyed to a cathode·ray deflector and record· 
ing device similar to those employed for 
measuring and recording explosion pres· 
sures in guns. Alternately the current from 
the amplifier could be recorded photo­
graphically by an Einthoven string gal· 
vanometer having an extremely short vibra· 
tion period or by an electro· magnetically 
operated vibrating mirror. 

"The interpretation of the photographic 
record of an occultation ( or reappearance) 
so obtained should present no special diffi­
culty. Due allowance having been made for 
the inertia of the photo·electric cell and 
recording device, and ' for the eclipse of the 
aperture of the telescope, the remaining 
time interval and light curve will give a 
measure of the diameter and light distribu­
tion curve of the stellar disk. 

"From a study of the theoreti�al occulta­
tion curve it does not seem unreasonable to 
assume that the method is capable of 
measuring stars down to an angular diame­
ter of 0.0001", i.e., 100 times smaller than 
the limit of the 50·foot interferometer. This 

c· 
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corresponds to the size of our sun at a dis· 
tance of 93 parsecs ( at which distance it 
would appear 9.7 mag. ) or to a star of 
Aldebaran's size at a distance of 7500 
parsecs. It may be contended that irregu· 
larity of the lunar horizon will introduce 
errors ; this is certainly true-but the proba· 
bility of steep slopes is not great, and sev­
eral occultations can be observed of each 
star. Furthermore, an analysis of the shape 
of the occultation curve may reveal sljght 
irregularities of the lunar limb which can 
be allowed for. Another problematic point 
is the effect of our own atmospheric 
tremors ; but the writer would sj1ggest that 
this may not be a serious factor unless the 
total light received from the star is very 
rapidly and irregularly fluctuating. 

"The possibility of causing ' artificial ter· 
restrial occultations ( from mountains and 
so on ) is probably ruled out because of 
atmospheric tremors on both sides of the 
occulting plate. Although other planetary 
bodies would not be suitable for measuring 
star disks, owing to the nature of their sur· 
faces, the method may be inverted and ' be 
made to supply infonnation regarding the 
surface, or, for example, in the case of 
Saturn, the nature of the rings." 

Here, then, is another chance for some· 
one who is interested in electronics to 
work out something that will make him 
famous as a contributor to science. Three 
of our amateur fraternity are working on 
a similar problem in photo·electric tele· 
scope guiding-something which, if satis· 
factorily solved, will amount to a whole lot. 

HERE �s a note R. w. Porter recently 
sent In : 

"Dr. Anderson called my attention today 
to the fact that the depth of a telescope 
mirror is always equal to the distance be· 
tween the foci of the mirror's central and 
marginal zones. 

"For instance (in the figure ) if knife­
edge and pinhole are together at a" for an 
even cut·off of light reflected from around 
a, and are at c" for light reflected from c, 
then a"c" is equal to the mirror's sagitta 
ac'. This applies to all apertures or focal 
ratios. 

"It arises from a fundamental property 
of the parabola, viz., that the subnormal for 
any point on the curve is a constant. Hence 
in the figure, c' c" equals b'b"," leaving ac' 
equalling a"c", or ab' equalling a"b". 

"These differences of focal length in the 
neighborhood of the mirror's center of 
curvature, found with knife-edge and pin· 
hole moving together, are derived from 
r" /2R, but if the pinhole alone is fixed ( as 

�------------- SU B H O � M A L  
Porter's drawing from the Iitde demonstration b y  Dr. Anderson 
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is customary among amateurs ) r2/R is used, 
giving twice these amounts. 

"It had never occurred to me that a fel­
low could find this quantity quite inde­
pendent of the formula, by simply laying 
a straightedge on his mirror and measuring 
its depth. I had never seen the point alluded 
to in any book on applied optics." 

THANKS to Yankee ingenuity there are 
something under 1,000,000 ways to cut 

out the facets on pitch laps. The one in the 

END , c-V/EW 

,TIP Of" COPPE:R 
I lWIRE O� BRAZE: 

t / 

• I,, , , ,UH 

'----. BRAZE 
24 OR 26 

GAUGE: COPPER 

Mason's hot 

accompanying drawing is by William A. 
Mason, 1303 Lakeview Ave., Lorain, Ohio_ 
He says, "Do not try to make the groove 
full depth at the first stroke. Pull this tool 
through the pitch rather than push it. Do 
it slowly. With this tool there will be no 
chips or flakes." In the redrawn sketch 
the lap thickness was inadvertently exag-· 
gerated. 

ABOUT once a month, for years, we have 
.tl. received letters much like the follow­
ing : "Will you kindly advise me the names 
of books or publications containing data 
on the theory and construction of spectro­
scopes, also on their operation." So far as 
is known, there is no such book, and we 
wish somebody would write one covering 
just that ground in an all-around manner. 
Physicists pick up their knowledge of the 
use of spectroscopes by word of mouth, 
from older physicists, not from anything in 
print. Of course, it may be that such a book 
would not pay its way, unless a very high 
price were charged

' 
for it, but we believe 

lllany an amateur would lay down five 
simoleons for one if it were practical, un· 
derstandable and interesting. A physicist 
we recently spoke to about the matter stated 
his belief that it would be possible to drop 
out the deep stuff (higher physics ) which 
is so closely hooked up with spectroscopy, 
and still write a good book, but he was 
too busy to do so. The fact probably is that 
few who understand the use of spectro' 
scopes ( except manufacturers ) could tell 
us how to make them. Maybe it would best 
be a two-man book, then, but we don't know 
the names of the logical candidates to 
write it. 

T AST month we gave you a little advance 
1..J dope on the forthcoming fourth edition 
of A.T.M. Various things, including our 
annual vacation and a little attack of the 
tummyache, have held us up and, at pres­
ent writing ( Oct. 14) , the second proofs 
have just been returned to printer. So it 
looks as if the book ought to be ready 
by another month. It will be no larger but 
certain out-of· date parts have been reo 
placed by what we think is better stuff, 
a lot of small corrections have been made, 
and quite a few new notes substituted for 
older ones. 
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PYREX B.and GLASS Used 10. 
WORLD'S LARGEST TELESCOPE MIBBORS 

o. BLAMES 10. AMATEURS 

The same skill and engineering experience is 
responsible for the success of both. 

-»­
PRICES 

Will be quoted 

on request 
-<+ 

CORNING GLASS WORKS 

Available in Following Sizes : 
Diameter Thickness 

4 v-' '' % " 
6" 1 "  
8" 1 % " 

1 0 "  1 % " 
12 \1, "  2 Ya "  

CORNING, N� Y. 

UNITED STATES NAVY TELESCOPES 
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Formerly 
used on large 
calibre guns 

Limited amount 

$12.50 
E A C H  

Makes an excellent finder. Has many other uses.  BAUSCH & LOMB tele­
scope draw tube, erector draw tube and eyepiece draw tube. 
Object. Lens 2" Eye Lens 15/16" Cross H�irs 
Mag. 3 to lOx Variable power Angular field 3 ° 30' to 1 2 °  
Exit Pupil 0.2" to 0.09" All bronze and brass Erect image. Weight 6 lbs. 

Remittance must accompany orders. 

MANHATTAN ELECTRICAL BARGAIN HOUSE, INC. 
105 Fulton Street D ept. S.S. New York City 

For The Telescope Maker and User: 
1 2  .in. parabolic mirror. f 4 . 5 .  for Cassegrain. 2 in. an­
nealed French plate, very fine . figure, $150. Aluminum 
mount. with clock drive and setting circles, on hardwood 
folding tripod, suitable for 8 in. reflector. $75. Zeiss 
binoculars. 12x, 20x. and 40x. 3 in. objectives, orthoscopic 
eyepieces. stand and carrying case, · half catalog price. 
Barlow lenses, Herschel prisms, finders. eyepieces. flats. 
prisms. mirrors. objectives and other high gratle accessories. 
\Vrite for descriptive circular and price list. 

C. W .  L U S K ,  O pt i cal I nstruments 
1 238 West 39th Street Los A n geles, Cal iforn ia 

Df - -I FilM I' 
BIG 3% FOOT TELESCOPE ���: �'::!;� 12 
sections.  1 0 - Power. Brass Bound. Eye�Piece for Viewing 
Sun. FREE. Makes good Microscope. Postpaid $1.90. 
C. O . D .  20c extra. Guar. 
B E N N E R  & C O M P A N Y  T-46 T R E N T O N ,  N .  J .  

COATINGS OF 

C D R O L U M I N U M  
for astronomical mirrors 

excel in HARDNESS, REFLECTIVITY 
and UNTARNISHABILITY 

See Physical Review, 46, 1 4 6 ,  1 9 3 4  
THE EVAPORATED FILMS COMPANY 

Oak and Summit Ave. Ithaca, New York 

Wm. �Iogey & Sons, Ine. 
FOflnded 1 8 8 !  

Highest grade visual and photographic re­
fracting telescopes. Write for catalogue. 

Plainfield, N. J. 

Inventions, Patents and Trade-Marks 
By MILTON WRIGHT lu.1 published 

2nd edition 
Attorney and Counsellor at Law, formerly 

Associate Editor, Scientific American 

How to make your inventions pay­
How to secure the utmost in legal protection-

The man who conceives an invention has before him a vision of 

rewards, but much must be done before that vision becomes a 

reality. There are patent rights to be secured, pitfalls to be 

avoided, business opportunities to be sought and handled in cer­

tain ways. To guide him on his way is the aim of this book. 

250 pages, 5 Y2 X 8, $2.65 postpaid 

Send orders to 

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



330 

INDIAN RELICS-DEN CURIOS 
Prehistoric Stone Relics, Mod­
ern Indian Beadwork and 
Trappings, Navajo Rugs, An­
tique Firearms, \Veapons, Min­
erals, Fossils, Coins. Lists lOco 

N. E. CARTER Elkhorn, Wisconsin 

PATENT FOR SALE 
WRIST N OT E  BLOC K-Patent No. 1,980,659. 
A writing tablet block, adapted to be secured 
to a wrist-strap, the block carrying a band of 
paper, which may be moved, and on which 
memorandums may be written. For Sale Out­
right. or on Royalty Basis to Manufacturer. 
Address BOX 450, Sc ient ific  American,  24 W. 
40th St., N. Y.  C ity 

Balance a s  above with 1 - 5 0 ; 1-20 ; 2 - 1 0 ; 1-5 and 2 - 2  
g r a m  weights, b a s e  4" x 9"-$4.75. Catalog w i t h  3000 
illustrations of laboratory apparatus sent for 50c. 
Catalog listing 10.000 chemicals, drugs, flavors, etc . •  
and 1.700 scientific books sent for 250. 

LABO RATO R Y  M AT E R I A LS C O M PA N Y  
637 East 7 1 st Sf. C h i cago.  I l l i n o i s  

NEW ADDING MACHINE $4. 75 
Amazing invention does work o f  machines 
costing 10 times ita price! Acc\lfate. quick. 
durable. Easy to operate. Adds 
up to $999.999.99. Thousands in AGENTS 
use. Sent postpaid $4.75. Money WRITE 
back guarantee. QUICK! 

IO��B£���r 
tir:t�1US 

HICR05COP� 
�e�:

.

m�t!���i�S llUndreds 
of items of mterest to amateur aDd 
professIonal experimenters. Save 
Money-Buy DIrect from manufac­
turer. Send lOco now (refundable) 
Ilfld get SpeC lui 30 Day Offer. 

J. H. W I N N  M F G .  C O . ,  D ept. 20 1 2, 1 24 W. 23 st., New York 
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WORLD-WIDE RADIO 

Condncted by M. L. M U H L E M A N *  

RADIO TELEGRAPH 

STATIONS 

THERE are literally hundreds of com· 
mercial radio telegraph stations operat­

ing in the short-wave bands. A large portion 
of the world's communication takes place 
"in the spaces on your receiver dial" be­
tween the short-wave broadcast bands. 

No doubt you have heard the rhythmic 
sounds of these transmitting stations and 
have had cause to wonder just what all the 
noise may amount to. 

Communication links normally go into 
action only when there is traffic to be han· 
dIed. Not so with the powerful radio tele-

NEW YORK 

Showing how constant radio tele· 
graph communication is maintained 

graph transmitters ; they pound away hour 
after hour irrespective of whether or not 
there are messages to be sent. The reasons 
for this continuous operation are many : 
For one thing, it costs more to shut down 
and start up a powerful transmitter than it 
does to keep it idling on the air. Moreover, 
when "cold," the frequency or wavelength 
of a transmitter is apt to shift ; it is neces­
sary, therefore, to keep the transmitter 
warmed up for instant use when traffic 
comes through over the land lines for over­
seas transmission. Furthermore, the receiv­
ing station in each country of the world 
maintaining service with the transmitter 

*Editor, Communication and B roadcast Engi­
neering ; Radio Engineering ; ( Radio) Service. 

must be kept properly tuned to the station 
at all times. So long as the transmitter is in 
operation, the operator at each receiving 
position can keep a constant check on the 
signal. 

This rather peculiar manner of operation 
serves to maintain an almost foolproof ser· 
vice, ready for instant use at any time of 
day or night. 

Of course, a single radio transmitter main· 
tains schedules with a number of countries. 
A New York station may clear traffic with 
London one moment and with Buenos Aires 
the next moment. At the same time the 
transmitters at London and Buenos Aires 
may be clearing traffic with New York. 

This form of operation is made possible 
through the nse of separate transmitting 
wavelengths and separate receivers, one re­
ceiver for each transmitter in the link, Thus, 
as shown in the accompanying sketch, New 
York transmits to London and Buenos Aires 
on, say, 23 meters ; London transmits to New 
York and Buenos Aires on 22 meters, and 
Buenos Aires transmits to London and New 
York on 21 meters. Furthermore, New York 
has receivers constantly tuned to London 
and Buenos Aires, and so on, with the re­
sult that, with no change whatsover in wave· 
length, New York can cut short transmis­
sions with London and immediately com­
mence the transmission of traffic to Buenos 
Aires. At the same time, both London and 
Buenos Aires can be clearing traffic with 
New York. 

Actual traffic is handled at high speed, 
and is entirely automatic. During intervals 
of no traffic, the automatic sending device 
sends out a continuous series of dots, or the 
device is made to repeat over and over again 
the call letters of the station preceded by 
the letters "abc" or the letter "v". It is 
quite impossible, therefore, for the London 
operator to tune his New York receiver by 
mistake to the signals from Buenos Aires­
not that it would be apt to happen anyway. 

TRANSMISSION LINE 
EXTENSION 

MANY listeners seem to believe that the 
radio receiver should be placed as 

close to the aerial and ground connections 
as possible, but quite often such a location 
is inconvenient. There may have been some 
excuse for this assumption in the past, when 
long lead wires through rooms increased 
noise pick·up, but with the advent of the 
noise-reducing antenna system using a trans­
mission line, the assumption is invalid. 

There i s  no reason why you shouldn't 
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place your radio receiver where it  will be 
convenient to tune. A slightly longer trans· 
mission line will not reduce signal strength 
or increase noise pick-up. For that matter, 
efficiency will not be reduced if the line is 
brought in through, say, a window, and 
run along the baseboards to the receiver in 
some other room. 

METAL TUBES 

THERE have been some nasty rumors 
relative to metal tubes, most of which 

hinged upon production difficulties which 
are now fairly well ironed out. With the 
exception of the 5Z4, which has been re­
designed, and the 6A8, a few of which have 

Courtesy RCA Manufacturing Co . • Inc. 

Welding metal tube parts. In this 
powerful machine, Thyratron-timed 
currents on the order of 75,000 am­
peres weld the parts to form the 
air-tight containers for the units 

developed trouble in service, the metal tubes 
are good. 

Three metal-tube receivers have been put 
through their paces. On the broadcast band, 
these sets are the equal of receivers using 
the glass tubes ; on the short·wave bands 
the metal-tube receivers certainly appear 
superior. In any event, the metal tube is not 
to be sneezed at. It is here to stay. 

BRUTE-FoRCE EXPERI­
MENT 

A N EW approach . to the transmission of 
short-wave radio telegraph signals over 

long distances will be tried by RCA on the 
completion of a new 200-kilowatt short-wave 
transmitter now under construction at the 
company's station at Rocky Point, Long 
Island. 

By means of this tremendous short-wave 
power, which is 5 to 10 times the intensity 
usually employed by international commu- · 
nication, it is proposed to "battle the iono­
sphere with kilowatts" and over-ride certain 
natural obstacles which to date have limited 
the signal strength under abnormal condi­
tions. 

As explained in previous notes in this 
column, the ionosphere, or Kennelly-Heavi­
side layer, is  an electrified region in the 
earth's outer atmosphere. Short-wave radio 
signals are reflected or refracted back and 
forth between this region and the earth in 
their passage around the globe. There are 
cycles in the daily conditions of the iono-
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sphere which make it necessary to use 
several wavelengths for long-distance radio 
communication. There are also times of 
magnetic disturbances, when the turbulent 
condition of the ionosphere causes absorp­
tion and dispersion of the radio signals and 
consequently reduced signal strength at the 
receiver. It is then that even highly con­
centrated beams become least effective. 

What the engineers expect to determine 
by means of the new 200-kilowatt trans­
mitter is  whether the hours of usefulness 
of one or more of the wave-bands used in 
long-range communication may not be 
lengthened and the effects of magnetic 
storms minimized by the use of increased 
power. 

The new transmitter will be operated at 
first only on one wavelength, in the neigh­
borhood of 28 meters, which is between two 
of the present international short-wave 
broadcast bands. This wave has been se­
lected as the trial one which promises the 
greatest general serviceability. It is ex­
pected that when radio signals from this 
transmitter are hurled against the iono­
sphere the greater power will cause them 
to be reflected back even during less favor­
able hours of operation for that particular 
wavelength. Present-day commercial radio 
practice has been brought to a high degree 
of reliability by directive transmission. This 
new step by RCA looks toward further con­
quests of the ether by enabling transmission 
through severely disturbed periods. 

ULTRA-S HORT-WAVE 
RIDDLES 

NUMEROUS theories have been ad­
vanced with regard to the nature and 

the behavior of radio signals below five 
meters. It is assumed that signals of such 
high frequency behave much in the same 
manner as light waves, yet full proof of this 
assumption has not been obtained. 

There is the supposition that the high­
angle waves-those which are radiated up­
wards-are not sufficiently bent by the lay­
ers of the ionosphere to permit them to 
again return to earth. Presumably these 
waves are dissipated in outer space. 

There are left the low-angle waves which, 
because of their similarity to light waves, 
are not perceptible beyond the optical hori­
zon-at least presumably so. 

In contradiction of the scant theories on 
the subject, signals transmitted on five 
meters are now consistently received over 
distances far beyond the optical horizon. 
Moreover, it cannot be said that there are 
definite limits to the distance an ultra-short­
wave signal can cover. 

It would seem that reception of these 
signals beyond the optical horizon is due 
to wave diffusion-after all, it is possible 
to see the beam of a powerful searchlight 
directed into the sky from a long distance 
off, because of light diffusion. But wave 
diffusion will not account for the reception 
of ultra-short-wave signals from a point hun­
dreds of miles distant. In this case it would 
seem that some portion of the wave is re­
flected back to earth. 

Once the nature of ultra-short radio waves 
is  clearly understood, and more is known 
of their behavior, it may be possible to con· 
trol them to a degree sufficient to permit 
their use for numerous services so far ex­
cluded from our over-crowded channels. 
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TWO 

Christmas Gifts 

they will cherish! 

VO I GTLANDER 

BRILLIANT 
t;AMEBA 

Ever.ready 
leather 

case 

$3 

No other cam era l ike it at the price, 
because it works l ike an expensive 
refl ex cam era that enables you to 
see your picture a lmost F U L L  S IZE 
i n  the refl ecting fi nder whi le you 
snap the sh utter. 

Compact, l ight in weight and easy 
to carry. Fitted with F 7.7 anastig­
m at lens  i n  Embezet sh utter. Ta kes 
sta ndard Kod a k  No. 1 2 0  fi l m .  M a kes 
12 pictures to the rol l ,  size 2V4 x 2 '/4. 
MaU orders filled. 'Write , Dept.  S. B. Your old camera taken in trade. 

The New 

Weston Universal 

EXPOSURE 
METER 

For indoor  and outdoor use 

This m eter tel ls you exactly the ex­
posure ,to use under  a l l  conditions. 
You simply a im the m eter at the 
scene you wish to photograph.  Then 
set the dial  accord ing to the indi­
cator,  a n d  you wi l l .  immed iately have 

. the proper exposure and d ia phragm 
opening for sti l l  or m o-
tion picture photog raphy. $22.50 
Mail orders filled. Write lor Booklet 
S. W. Your old meter taken in trade. 
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CAMERA ANGLE S 
Conducted hy J A C O B  D E S C H I  N 

PRINTS IN COLOR 

A ND now prints in color-three colors, 
1\. at that. The ingenuity of the men who 
burn the midnight oil to light the path to 
new discoveries in the photographic science 
has long been well known. But in view of 
the growing interest in color photography, 
few of these discoveries can equal the wel­
come accorded the advent of a new method 
by which any amateur may produce a three­
color print from color-separation negatives 
within a half hour after fixing the three 
positives required for completion of a fin­
ished print. 

This method is known as Chromatone, 
the discovery of two young New York 
chemists, Francis H. Snyder and Henry W. 
Rimbach, who developed it while hunting 
for a suitable way to produce color in pho­
tomicrographic work. 

Success in turning out a color print by 
the Chromatone method depends entirely 
on the worker's fidelity to instructions fur­
nished by the distributors, reasonable care ' 
in executing the various steps in the process, 
and thorough washing. That isn't asking any 
more than the cautious worker already 
gives his darkroom activities. Furthermore, 
there is nothing essentially new in the va­
rious steps of the Chromatone method ; it 
is only the correlation of several known 
methods into an ingenious synthesis that is 
new. 

The basis of the Chroma tone process is  
the same as that which serves for three­
color photography ; namely, three color­
separation negatives are taken, ' respectively, 
through blue, green, and red light filters. 
These negatives are used to make three 
contact or enlarged black and white posi­
tives on a special stripping film known as 
Chromatone Print Paper (a "double­
weight" paper support for a collodion gela­
tine layer coated with an emulsion having 
approximately the speed of Azo No. 2 ) . 
The collodion gelatine layers are "peeled" 
off while in the hypo and the three total 
in thickness, when dry, about 0.001 of an 
inch. 

Each of these positives is then toned to 
its proper color-yellow, magenta and blue­
green-and, while they are still wet, are 
superimposed in sharp register one over the 
other on a white paper base, using a rubber 
squeegee to force out the excess water. 
This constitutes the print and when dry it 
is trimmed to the size desired and mounted 
by the dry-mounting process. 

Complete instructions for processing as 
well as a full discussion of color photog­
raphy, illustrated with charts in color, are 
contained in a very comprehensive treatise 
which is furnished with a "kit" containing 

all the necessItIes for making Chromatone 
prints, as well as solutions and positive 
material for turning out eight 5 by 7 three­
color prints. The booklet may also be pur­
chased separately for a nominal sum, so that 
the photographer who wishes to investi­
gate the possibilities more thoroughly be­
fore making an investment may do so. 

An advantage of the new color process 
lies in the fact that the original three color­
separation ' negatives may be exposed in any 
camera and not necessarily, as hitherto, in 
the expensive "one-shot" professional out­
fits that cost as high as 1000 dollars' and 
more. The only special equipment needed 
for taking the picture is three color filters, 
which are obtainable for as little as one 
dollar for the set. Another feature of the 
cost angle is that whereas hitherto a three­
color job could be had for not less than 
100 dollars and as high as several hundred 
dollars, the Chromatone process makes it 
possible to produce a three-color print in 
spectroscopically correct colors for from 
60 cents to less than two dollars, depend­
ing on the size. 

It seems fairly obvious that when taking 
a three-color ,picture in a camera other than 
the "one-shot" type, which exposes three 
negatives at once, persons as subjects are 
definitely "out" because of the danger that 
the subject may move slightly during the 
interval it takes to place another filter over 
the lens and bring a new film into place. 
Even so slight a mov�ment as "a hair's 
breadth" would be enough to throw the 
thing off, since all three must be in perfect 
register if they are to line up , in the final 
printing. 

However, pending the appearance on the 
market of a reasonably inexpensive "one· 
shot" outfit selling for the price of a good 
ordinary camera, which, at the time of this 
writing, was already in the offing, pictures 
of persons as well as other subjects in which 
the probability of movement is a factor to 
be considered, are not necessarily "out of 
the picture." Of course, there is Dufaycolor 
or similar film, but their use as a medium 
for the Chromatone process involves an in­
termediate step. This lies in the photograph­
ing of the original in the usual way and then 
making three color-separation negatives of 
the projected transparent color positive. 
Messrs. Snyder and Rimbach suggest that 
three color-separation negatives of live mod­
els may easily be made on the miniature 
type of camera in less than five seconds for 
the complete set. Very nearly flat lighting 
is recommended for color photography. 

If there were any doubts before, it is cer­
tainly safe to say now that color photogra­
phy is here to stay. Nor is' it, henceforth, 
to be the exclusive province of the few. It 
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is not hard to foresee picture albums filled 
with color and when baby next appears in 
print her red dress will be red, not a shade 
of gray, and her eyes sparkling the blue that 
Dad saw as he tripped the shutter. 

VERSATILE ENLARGER 

ANEW accessory for the advanced ama· 
teur's darkroom, just announced, offers 

many desirable features in one complete 
and compact unit. Called the Enlarg·or­
Printer, the device offers the photographer 
facilities for rapidly making enlargements 
or contact prints from negatives up to 2'\4 
by 3'\4 or from sections of that size from 

You can enlarge, print, or re­
touch with this new equipment 

negatives up to four by five. Strip film can 
also be used, suitable adapters being pro­
vided. The device also can be converted into 
a retouching desk. 

The accompanying illustration shows the 
Enlarg·or-Printer, together with its lens and 
a selection of negative masks. The light 
source is located in the base of the unit, 
and proj ects upward to the platen top 
which is of the automatic printer type. A 
Photo· flood bulb, in series with a ruby 
lamp, is automatically operated by the 
platen and a toggle switch provides a 
choice of two light intensities for varying 
requirements. 

With , this unit it  is possible to turn out 
contact prints up to eight by ten at the usual 
speed. What is more important, however, 
from the standpoint of utility, it will turn 
out enlargements up to eight by ten just 
as fast and j ust as simply as it produces 
contact prints. With a wall easel it is pos­
sible to make enlargements of a size limited 
only by the quality of the negative. 

The compactness of the equipment is re­
markable, taking up a space only 1 1 %  hy 
1314 inches, and standing 26% inches high 
overall. It weighs 21:ys pounds. 

AMATEURS SCORE 
"B EATS" 

INSTANCES of amateur photographers 
who cash in on their hobby by heing 

"on the spot" and getting the pictures be­
fore news· cameramen reach the scene come 
up often enough to make it worth the ama­
teur's while to be always on the lookout for 
such opportunities. The recent tragic Will 
Rogers.Wiley Post crash in the Alaskan 
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wilds provided such an opportunity for Dr. 
Henry Greist, missionary physician. Using 
a 3A Kodak with ordinary roll film and 
despite fog and rain he succeeded in making 
a series of exposures of the tragic scene long 
before professional photographers could 
reach the place. The films were flown via 
four changes of planes to San Francisco, 
where they were developed in the Asso­
ciated Press darkrooms and then sent broad­
cast by the Wirephoto system. 

Another case of a live-wire camera ama­
teur was that of Ivan Dmitri, of New York 
City, one of the best known of the minia­
ture camera enthusiasts, who made some 
shots of a big fire sometime ago and sold 
them to , two metropolitan morning news­
papers hefore their own men could get on 
the job. The pictures appeared on the front 
pages of the two newspapers the next 
morning. 

The lesson to be learned here is that 
news cameramen cannot be everywhere and 
a picture "on the spot," even if made by a 
small box camera, is worth any number of 
the most excellent pictures taken after the 
event. Newspaper editors are always eager 
for this type of picture and will show their 
appreciation hy paying well for your trouble. 

STICK TO ONE CLERK 

TH E  advice often given to beginners in 
stamp collecting to cultivate some par· 

ticular dealer because his fund of knowl· 
edge will save them from many pitfalls, is 
just as applicable in the case of the camera 
enthusiast. If the store is a large one and 
employs several clerks, pick one clerk and 
go to him for all your purchases. Dealer or 
clerk, either can be of tremendous help 
when it comes to solving some knotty pic­
ture-taking or darkroom prohlem, or when 
ahout to purchase additional equipment. 
The honest dealer or clerk, and most of 
them are that, is always ready to listen to 
your tale and give you sound advice, 
whether it means a sale or not. After 'all, 
he has everything to gain if you are suc­
cessful and happy in your hohby, and cer­
tainly much to lose if you ate not. 

NEW 35'MM FILM 

THE Cappelli 35·mm film is now avail­
able in the United States after having 

achieved a reputation for speed and fine­
grain excellence abroad. Packed in a day­
light spool of 36 exposures, it has a 
Scheiner rating of 26° and is fully panchro­
matic. 

LOW,PRICED REFLEX 

TH E  K. W. Reflex·Box, taking 214 hy 
314 ·inch roll·film, is the most recent ad­

dition to the reflex field. Not the least at· 
tractive of its features is the fact that it 
sells for an unusually low price for a type 
of camera whose cost has hitherto 'made it 
prohibitive to modest purses. The self­
erecting hood containing the focusing 
screen of ground glass, on which the s�b. 
ject is viewed as it will appear in the nega­
tive, is part of this equipment as it is of 
the more expensive ones in its field. Focus­
ing is  done hy rotating the lens. 

An all-metal sli t shutter provides speeds 
of 1 /25th, 1/50th and 1 /100th second and 
for brief and long-time exposures. The cam· 
era weighs but two pounds and measures 

Capture the Highlights 
of this Merry Christmas 

with the New 8 mm. 

KEYSTONE 
Movie (;a�era 
and Proje�tor 

Both lor 

T a k e  h o m e  
movies o f  this 
year's festivi­
ties with this 
p o p u l a r . 
priced , com­
p a ct ,  l i g h t .  
w e i g h t  c a m ·  
e r a .  U s e s  
reg u l a r  8-mm. 
fi l m .  You can 

then show them i n  clear,  bri l l i a nt, l a rge­
size projection with a proj ector a s  ef. 
ficient as the camera. 

The cam era a n d  projector are made by 
Keystone. You can be sure of their q u a l ity 
a n d  dependabi l ity. In operation  the cam· 
era is exceptio n a l l y  economical  because 
the fi l m  is so inexpensive. The projector 
wi l l  del ight you with 
its bri l l i a n cy, steadi· 
n ess, a n d  durabi l ity. 

THE CAMERA 
" 

• Fitted with Wol l ensak F 3.5 lens  fixed 
focus which is remova b l e  so other foca l 
l engths a n d  speed lenses can be used, 

• Exposure p l ate fitted to camera 
' 

• 3-speed shutter inc luding s low motion 
• 2 Finders-Bui lt  in and outside d irect 

view finder 
• Footag e  i n dicator 
• Simple  threading 

THE PROJECTOR 
• 200-Watt G. E. Projectio n  L a m p  
• Fu l ly  corrected projection lens  
• Adjusta b l e  T i l t  
• Rapid Motor Rewind 
• Fan Cooled Venti l ation 
• Manual Framer 
• Capacity 200 ft. ,  8 mm. 
• Cast base-sturdy construction 
• Speed control 
• Sti l l  pictures with continued venti l ation 

Mail orders filled: 1Vrite for Booklet S. [(. 
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National 
GRAFLEX 

SERIES II 
Small,  efficient; 
GRAFLEX focus­
i n g .  Focal Plane 
shutter speeds to 
1/500 sec. Accesso­
ries include a 140 
m m .  Te l e p h o t o  
Lens. Makes 10  ex-

• • 

posures on 8 expo- " " 
sure �lm rolls. Pic- f/ ,ut a AanjJ at 
tureSlze 2 � "x 2 72 ". l oj 
• • • tuatl u",;",."., 

Makes enlarging as simple as 
contact printing. Is an en· larger, contact printer, and rt· touching desk all in o n e ­
almost a complete darkroom 
in itself! It's new . . .  different 
. . .  desirable ! Write for all 
the facts. • 

FREE ILLUSTRATED 32 
PAGE C ATALOG • • •  

FOLMER GRAFLEX CORP. 
Rochester,N. Y. , Dept.S.A. 2 

Please  s e n d  your latest 
catalog of A l l -American 

GRAFLEX equipment. 
Name . . . . . . . . . . . . . . . . .  . 
Address . . . . . . . . . . . . . . .  . 

�!f��':.S i�llpt��o��!��y d:��I0J:¥:;'��t���� Making. Offers hundreds of amazing Bar­
gains in still and movie Cameras, Lenses, Microscopes. 
Binoculars, Weather Instruments, etc. Used equ lp­
men' accepted In trade. Satisfaction guaranteed. 

Your Free Copy Is Ready Nowl 
CENTRAL CAMERA COMPANY, Est. 1899 

230 S. Wabash Ave. Dept. X-1 2  Chicago, I I I .  

..... ItT Splendid opportcnltt... Prepare In �J ' !  � spare time. Eas Ian. No previous fHOTO 00 e 
American Schoo 0 oerap y 

otfl8 phy" .  part eu are 

at II 3601 Michigan Avo. Chlc.co, III. 
Dept. ' 89 

50 Ways to make money 

in PHOTOGRAPHY 
Fagcinating, profitable occupation. 
COMMERCIAL, NEWS. PORTRAIT .  
MOTION PICTURE Photography. 
Personal Attendance and Home Study 
training. 25th year. Let us show you 
tho wonderful opportunities for a suc­
oessful career in this growing field. 
Free booklet. 

New York Institute 01 Photography 
10 Wesl 33rd Slree!, (Dept 134) , New York 

Exposure Meter 
Half the size of a packet 
of book matches, the Leudi 
is the smallest and most 
precise optical, photo­
graphic exposure meter 
made. Priced with extra­
ordinary economy, it def­
initely eliminates all r e a ­
s o n  f o r  over- o r  under-ex­
posed pictures and will 
soon pay for itself in film 
s aved . .  Unlike other op ­
tical exposure meters, the 
Leudi is not held close to 
the eye-rendering it a 
practical instrument even 
for the wearer of glasses.  Never before has an ex­
posure meter, so dependable and useful. been offered 
at  this price . . . . . . . . . . . .  $2.00 Purse extr a . .  • J 5 

At yottr Dealer or Write 

M I M O SA A M E R IC A N  CO R P . ,  485 F irth Ave; , N. Y. 
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4% by 3% by 41h inches. There are two 
models, one equipped with an f/6.3 anastig­
mat lens, the other equipped with a Stein­
heil Actinar f/4.5 anastigmat, iris dia· 
phragm, level, carrying strap, and cable 
release. 

SHADOW PATTERNS 

PROJECTING a design in shadow 
either subject or background is  a pop­

ular method of gammg effects for unusual 
photographic interpretations. Two eggs be­
come dramatic entities when a spotlight 
throws over them long shadows cast by a 
simple egg slicer ; the netting in a tennis 

racket held over the face of a fair lady at 
high noon gives a beautiful effect. The most 
interesting results are to be had indoors 
with the use of a spotlight to throw the 
shadow of the design or object, although 
many odd and often startling impressions 
are frequently found outdoors under bril­
liant sunlight. 

Shadow patterns are created by inter­
posing an irregular object or cardboard cut­
out between the light source, whether solar 
or artificial light, and the area on which 
the shadows are to fall. The irregular ob­
ject might be a vase, a pair of shears, a leaf, 
or it might be composed of lines, curves, or 
circles or other forms strung within a frame. 
Allowing of still wider manipulation is  the 
projection cutout made of cardboard. Here 
the opportunities are unlimited, since the 
designer may even simulate a street scene 
within his home studio merely by making 
a cutout and projecting its shadow upon a 
light background. 

Observation has taught that the nearer an 
object to the area on which its shadow is 
thrown the smaller will the shadow be, and 
the sharper its edges ; the farther away, the 
bigger the shadow and less sharp. A spot­
light, because of its concentrated power, will 
give a sharp edge, but a diffused light will 
not. For shadow patterns, therefore, par­
ticularly where objects are simulated by 
means of the projection cutout, the spot­
light is preferable and in some cases in dis­
pensable. 

35-MM REVERSIBLE 
S UPERPAN 

FOR users of cameras taking 35-mm film, 
an emulsion for getting direct positives I 

which are developed by the reversal process I 
(Agfa Reversible Superpan) may offer op­
portunities for new adventures. This film, 
which has a Scheiner rating of 200 in day­
light, is  suitable for viewing by transmitted 
light, for the making of paper negatives, or 
making larger negatives by direct pro­
jection. 
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NEW 
Remarkable 

ZeissFihcn 
Cam�ras 

A GIFT that means new 
and exciting adven­

tures in 'photography ! 
\Vith their automatic range­
finder focusing, fast Zeiss 
lenses and ingenious mechan­
ical features, the new Zeiss 
Ikon Cameras take pictures 
impossible with conventional 
types. . . . Candid photos of 
people, fast-action sport pic­
tures, shots at'  night , scenic 
pictures in adverse light, etc . 
Many models at leading 
dealers. \V rite for Literature. 

N ew F eatherwei ght Zeiss 
B i nocu lars are 3 2 %  to 40% 
lighter. Easier to hold,  more 
convenient in every way. 
Tested for 10 years under 
all conditions. 

At lead i n g  dealers 

R O L L E I F L E X  
• 

A ROLLEIFLEX 
or ROLLEI­

C O R D  c a m e r a  
should be defi­
nitely included 
in the equipment 
of the scientif­

ically i n c l  i n c  d 
p h o t o  g r a  p h e  r 
who is i n t e l l i ­
gently interested 

in the automatic 
a c h i e v e m e n t  o f  

precise results. 
N u m e r o u s  

unique r e f ine­
ments, rigidly protected against patent 
infringement and never successfully imi­
tated, include a remarkable method of 
obtaining needle-sharp focus. A very 

luminous focusing finder lens synchro­
nized with the camera lens projects a 

full film-size, clear and upright picture 
on a ground glass finder, so that you 
know exactly how your finished negative 
will look. 

Comprehensive literature will be sent 
on request. 

Write for Free Trial A rrangement 
BURLEIGH BROOKS 

1 27  West 42 Street N ew York 

R O L L E I C O R D 
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and the high proportion of cases in which 
the fracture heals with a good join. 

The observations of tuberculosis and 
syphilis are subject to the fact that no soft 
parts are available for examination ; but 
otherwise there is no appearance of tuber· 
culosis in the paleolithic period, while in 
the neolithic, bronze, and iron ages cases 
are few. To a certain extent, there is un­
certainty in the identification of the lesions 
of syphilis, but it would appear that there 
is no case of syphilis in paleolithic man, 
and in the later prehistoric periods only a 
very few cases from France and one from 
Russia appear certain. 

Dental caries is not found in paleolithic 
man in Europe, but appears in Africa in 
men of ( probably) late paleolithic age.­
Adapted from Nature ( London ) . 

CELLOPHANE SODA 
STRAWS 

STRAWS of Cellophane in various colors, 
called Glassips, are the latest supple­

ment to the current fashion of serving cool 
drinks in different colored glasses for par­
ties and outings. Since they do not disin­
tegrate in alcohol, they may be used for 
both hard and soft drinks. Absolutely taste­
less and shape-retaining, they are ideal for 
the sick room. Children are delighted with 
them and find that drinking milk can be 
a pleasure. 

VACATIONS 

A CCORDING to a recent esti-
mate, the American people 

spend 5,000,000,000 dollars in a 
normal year on holiday and vaca­
tion travel. 

GELATIN NOSES AND EARS 

NOSES, ears, or other facial features 
made of gelatin and applied with a 

mastic cement were described recently by 
Dr. Oscar V_ Batson of Philadelphia at a 
meeting of the American Academy of 
Ophthalmology and OtolaryngQlogy. 

When the features have been destroyed by 
disease, accident, or curative measures to 
such a degree that the patient feels him­
self disfigured, it is the duty of the physi­
cian to remove if possible the stigma, 
fancied or real, Dr. Batson declared_ Plastic 
surgical measures should be considered 
first in such cases, but if the vitality of the 
skin has been lowered, they may not suc­
ceed. 

For such cases Dr. Batson advised the 
use of artificial features or prostheses, to 
use the medical term. He considers gelatin 
the most satisfactory substance because it 
is flexible, moves with the changing expres­
sion and can be attached without mechani­
cal support_ In a suitable patient, Dr. 
Batson said, the gelatin prostheses are not 
obvious to the observer at conversational 
distance. 
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The gelatin artificial features are made 
by pouring gelatin, colored to match the 
skin, into molds made from wax models of 
the feature to be restored_ They are held in 
place on the face with a mastic cement. 
The gelatin artificial features are of course 
temporary_ Depending on the time of year 
and the character of the patient's skin, 
they last from one to ten days. However, 
the patient may be supplied with molds, 
suitably colored gelatin and cement, and 
can learn to make and apply his own fea­
ture as needed.-Science Service. 

ROSIN 

ROSIN production is said to be 
increased 100 percent by treat­

ing the wounds of the tapped trees 
with a solution of 25 percent hydro­
chloric acid. The balsam is not 
affected by the treatment. 

PHOTOMICROGRAPHY 
SIMPLIFIED BY NEW 
DEVICE 

HERE'S news that should be welcome 
to every microscopist who takes his 

work seriously. A new device called the 
Microdak, makes it possible for any user 
of a microscope to make photographic rec­
ords of his work without more than a casual 

knowledge of amateur photography. Micro­
dak is an Eastman development. 

It is only necessary to focus the subject 
under the microscope properly, to place 
the Microdak in position, and to operate 
the shutter. Because the camera uses roll 
film, no darkroom is required, so photo­
micrographs can be 'made in any school­
room or office_ After exposure in the 
Microdak, the film can be developed and 
printed by any regular photo finisher or by 
the microscopist himself. 

The Microdak is not a toy. It consists of 
a camera using 2% x3% roll film, and hav­
ing a fixed focus lens and a shutter with 
provisions for bulb and time exposure s ;  a 
light-lock to shield the microscope eye­
piece and camera lens ; a bracket for hold­
ing the camera, a support for the camera 
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Boys I 
EXPLORE 

N EW WO RLDS 
OF SCIENCE 

Here's the most sensational scientific in­

strument you can own. The new Gilbert 
Opto Kit. A big laboratory-type wooden 
box full of powerful lenses for making your 
own microscopes - telescope - periscope 

shadow projector-electric beam signaler­
and other exciting equipment. 

With an Opto Kit you can explore hidden 
mysteries of nature and science-send mes­
sages by electric beam-make camera 

models-and do dozens of other exciting 
things. See Opto Kit at your nearest toy 
store. Mail coupon for 32-page "Gilbert 
Thrills Magazine"-regular · price 25¢­

free-to the first 50,000 boys who write. 

THE NEW 
G I LB E R T  O PTO 
THE A. C. GILBERT CO. 

52 8 Erector Square 
New Haven, Conn. 

K I T  

Send-FREE-Gilb.rt Thrills Magazin. and com­

bin.d Opto Kit catalog. 

Name 

Street 

City . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Stat • .  
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Share 
lit 

Christm.as 
EVERY day of the year and every twenty. 
four hours of each day The Salvation Army 
is serving those who need its help, without 
any question of race, color or creed. 

! Last year 7,629,5 2 0  applicants for aid­
spiritual, moral and material-were dealt 
with by the 2 , 0 0 0  Salvation Army 
Centers operating throughout the country. 

! At Christmas we endeavor to provide 
for our large family that little more which 

makes all the difference to the celebration 
of the festive season. Appetizing and sub. 
stantial meals for the needy, and suitable 
gifts for the youngsters. 

! Four hundred and sixty-eight thousand, 
nine hundred and twenty-seven Chl'istmas 
Dinners were supplied to those who could 
not provide their own. Toys and clothing 
were given to gladden the hearts of 2 8 1 , 044 
children. 

! All this in addition to our continuous 
program for the regeneration of despairing 
humanity. 

! We rely entirely for our support on 
the benevolence of a generous public. 

"Utili you Jfelp ?  
:�Send your gifts to: 

COMMISSIONER 
ALEXANDER M. DAMON 

H E A D Q U A R T E R S  O F  T H E  S A LVAT I O N  
A R MY, 1 2 0 W E S T  FO U R T E E N T H  S T R E ET, 

N E W  YO R K ,  N .  Y • 

• 
.:. Or, if you prefer, to your local Salvation 

Army Center. Gifts may be designated 
for any specific purpose or district. 
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and bracket, which fastens to the stage of 
the microscope ; and a counterweight that 
attaches to the microscope base. The phan· 
tom picture shows the Microdak attached 
to the microscope, ready for operation. 

ETCHING S TAINLESS 
STEEL 

A NEW method for etching stainless 
steel, prior to microscopic study of 

the grain structure, has been developed by 
the National Bureau of Standards. 

All metals are composed of small, imper­
fect crystals known as grains, the size, 
shape, and structure of which are of great 
importance in the study of any metal and 
its application in service_ To reveal this 
grain structure it is necessary to etch the 
metal with a chemical reagent. The appear­
ance is  then studied under the metallurgical 
microscope at suitable magnifications. 

Certain metals are difficult to etch satis­
factorily because of their compositions. 
Stainless steels are among the most trouble­
some, since they resist all ordinary reagents. 
In the past it has been necessary to use 
strong, mixed acids to reveal the struc­
tures of stainless steels, and these mixtures 
require great care in handling and in dis­
posing of them afterwards. 

The new method was worked out in con· 
nection with a study of the changes induced 
in stainless steels by welding. The stainless 
steel is  etched electrolytically in oxalic acid 
( 10  grams dissolved in 100 milliliters of 
water ) , the specimen being the anode and 
a piece of platinum the cathode. Current 
is  supplied from four dry cells in series or 
from a 6,volt storage battery. The carbides 
are revealed in from 15 to 30 seconds' etch­
ing time, while an additional 30 to 45 sec· 
onds will reveal the grain boundaries of the 
"18-8" ( 18 percent chromium, 8 percent 
nickel ) type of stainless steel. The solution 
is relatively rapid in etching action and 
does not stain the specimen.-A. E. B. 

TRANSPARENT OPERATING 
MASKS 

NUMEROUS movies and stage produc­
tions have made everyone familiar with 

every detail of hospital operating rooms. 
It now appears that we will have to be 
re-educated, for the newest type of mask 
for operators is  made of Plastacele-trans· 
parent and impermeable shields over the 
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nose, mouth, and chin. These deflect the op­
erator's breath backward and away from 
the patient and serve to protect the wearer 
against possible infection. 

Among the advantages of these Maskons, 
as they are called, are feather-weight con­
struction, quick adjustment, freedom from 
gagging, and easy cleaning, says the Du Pont 
Magazine. To put one on, the wearer simply 
adjusts the ear·loops or tapes and then 
presses the flexible aluminum rim at the 
top to fit the face. If the operator wears 
glasses, the snug fit on the upper part of 
the face keeps his breath from fogging 
them. This device also permits free breath­
ing and speaking and eliminates nose and 
mouth pressure. 

LAMPS 

AS an index of lighting progress, 
the American citizen consumes 

slightly more than five lamp bulbs 
per year. The next nation in the or­
der of lamp usage is Denmark with 
about 1.75 lamp bulbs per person 
per year. Most European countries 
use about 1 .5 lamps per person. 

EGYPTIAN TOMB 
PAINTINGS 

THE tombs of Egypt are a veritable 
encyclopaedia of the manners and cus­

toms of the ancient Egyptians. For many 
years Joseph Lindon Smith has spent part 
of each winter in Egypt where he has made 
paintings of details from the ancient tombs 
along the Nile. Karnak, Luxor, Sakkara, 
Thebes, and Giza, among other ancient 
sites, have provided material for his brush. 
Nor has he neglected the Nile landscape 
from the Sudan to Cairo. 

The Boston Museum of Fine Arts, of 
which Mr. Smith is Honorary Curator of 
Egyptian Art, has acquired over a period 
of years through the generosity of an 
anonymous friend, more than a hundred of 
his works. Seventy-eight of these are now 
in the Special Exhibition Galleries of the 
Museum. They are grouped according to 
source and arranged chronologically. 

The paintings create an astonishing il· 
lusion of reality. One wishes to be reas· 
sured again and again that one is looking 
at a canvas and not a sculptured relief, 
notably in the group from the tomb of 

The latest in operating masks-made of Plastacele 
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Meresankh III. Figures in high relief rep· 
resent various members of the family of 
Meresankh who accompany her through 
eternal life. Among them is her mother, the 
fair haired Hetep Heres, who appears to 
wear a smart gown with pointed shoulders. 
Other details indicate the food, clothing, 
and furniture used at the time, and the so· 
cial customs prevailing. 

RUBBER LAUNDRY NET 

ARUBBER laundry net which is said 
to solve several of the more pressing 

problems of the industry has been produced 
by United States Rubber Products, Inc., 
after 18 months of experimental work in 
conjunction with the American Institute of 

To save your clothes • • •  

Laundering and with a further six months' 
collaboration with some 20 commercial 
laundries. 

Laundry patrons have probably rumi­
nated at one time or another on the problem 
a laundry faces in retaining the identity of 
the numerous shirts and pajamas dumped 
into its tubs in the course of a day's work. 
The secret of course is that they are not 
dumped into the tubs en masse but are 
placed in nets and washed in units. 

This procedure has, in the past, given 
rise to a problem-each time the contents 
are washed the net is washed too. Laundry 
statisticians have figured that in the course 
of a year's time the average size laundry 
wastes seven dr eight weeks washing and 
rewashing the old style nets. This problem 
has been solved by the development of a 
rubber net that will not wash with the 
clothes it holds. 

Two other outstanding advantages of the 
rubber net are : ( l )  rubber nets do not 
burst and mix your clothes with those of 
your tub mates and, (2) the danger of 
tearing clothes while washing is consider­
ably reduced. 

WATER-SOLUBLE RESIN 

COMMERCIAL production has just been 
started on a new water-soluble "resin," 

Abopon. It is an odorless water-white liquid 
"resin" soluble in water but not soluble in 
any other liquid. It is a pure complex chern· 
ical compound and not a mixture. Abopon 
forms smooth, non-tacky, flexible, glossy 
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" Thou shalt not be afraid for the ter­

ror by night, nor for the arrow that flieth by day; 

nor for the pestilence that walketh in darkness, 

nor for the destruction that wasteth at noonday." 

P
ERHAPS you know someone who is dying of 

cancer. Perhaps you know someone who is threat­

ened with this ((terror by night . . .  this destruction 

that wasteth at noonday. "  If so, you certainly will 

help fight cancer through the distribution to the pub­

lic at large of the facts about cancer and its proper 

treatment .  

Y O U  C A N  D O  T H I S-Buy from us 

today one dollar's worth of the New York City 

Cancer Committee's Labels. Your dollar is spent 

in carrying on our work. The labels, used on your 

packages, will inform others of this campaign. 

CANCER can often be cured 
when proper steps are 

taken in the early stages. A 
considerable part of cancer's 
toll is due to public ignor­
ance of the early signs and 
what physicians, hospitals 

and clinics have to offer in 
the way of early diagnosis 
and prompt treatment. Help 
us to spread this vital infor-

mati on. Think of the patierit 
who comes too late for treat­
ment and who, had he been 

informed, might have been 
saved at an earlier time, and 
you will j oin hands with us 
today. 

NOTE--If you . live out-of-town, write 

for full information, free of charge, to 

the American Society for the Control 

of Cancer, 1250 S ixth Avenue, New 

York. 

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

THIS COUPON will 
bring you 10 labels. Cut 
it out, sign, and mail it 
today, with your check 
or a $1 bill. 

NEW YOR K  CITY CANCER COMMITTEE 
150 East 83d Street, New York 

For the $1 attached, send me 10 labels. Also 

send, without charge, the new pamphlet, "On 

Health's Highway." 

Name _____________ . 

A ddress _____________ _ 

City ______________ � 

State ______________ _ 
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The new AUTONATOR generates 110 Volt A. C. Current 
in motor cars, aeroplanes and (rom all types of engines and 
motors. direct from fan belt. Costs nothing to operate. No 
service-no brushes. cal1eetar rings. commutator or wire 
wound armature. Ideal for operating PORTABLE Sound 
equipment. A.C. Radio Sets. Neon Signs. Electric Lights, 
searchlights. Send for complete details and prices. 

AUTONATOR LABORATORIES, Inc. 
8440 South Chicago Avenue. D e pt. SA. Chicago. I l l i no is  

WAR and WAGE S 

By Major Robert E. Adams 

USMC, Ret. 

This work is one of the most pen· 
etrating contributions to a realistic 
appraisal of the underlying causes 
of armed conflict so far placed be­
fore the court of public opinion. It 
is an honest book forged in the 
workshop of practical experience 
by a distinguished officer of the 
Marine Corps who has spent the 
larger part of his life in active mil­
itary service. 

War and Wages is a timely and in­
sistent reminder of the obligation 
placed upon every American citi­
zen to protect his native land in a 
world whose civilization and pro· 
gress is founded upon the sub· 
jugation of the weak by '  the strong. 

War and Wages, by Robert E. 
Adams, illustrated with maps 
and charts, 340 pages, $3.20 
postpaid. Copies may be ordered 
direct from : 

PRIMROSE PUBLISHING 
CORPORA TION 

Temple Court Building 
5 Beekman Street, New York 

Authors, Writers, Speakers, 

Technical and Scientific Subjects 

Your manuscripts, college 

theses, speeches edited and 

criticized for style and dic­

tion ; suggestions for rewrit­

ing given ; possible markets 

quoted-$ 1 .00 per thousand 

words. 

Highest references 

TECH EDITORIAL SERVICE 
26 West 40th Street, New York City 
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films. It is neutral and non·hygroscopic, 
spreads readily, and is more viscous and 
denser than glycerine. It is entirely inor­
ganic, non-combustible, and is not affected 
by moderate amounts of strong acids or 
alkalies. It possesses strong adhesive prop­
erties. 

Its indicated uses are as a suspending 
medium for pigments and abrasives and as 
a grinding medium for colors and pigments. 
As a wetting medium for pectin, gum traga­
canth, gum karaya, and other water swell­
ing materials, it prevents lumping and 
hastens dispersion. It serves as a sealer for 
surfaces which are to be lacquered or paint­
ed, and as a temporary coating for wares 
on display, to prevent soiling. This coating 
is washed off by the consumer, exposing a 
clean surface for use. 

NEPTUNE'S METHANE 

CALCULATIONS completed at 
the University of Michigan 

show that the outer layers alone of 
the atmosphere of Neptune contain 
six billion million tons of methane 
gas, which also forms a large por­
tion of the natural gas found in the 
earth. 

PROGRESS OF A FIVE-YEAR' 
OLD DISCOVERY 
A BOUT five years ago, Scientific Amer­

.tl. ican reported the discovery of new 
non-toxic refrigerants, di- and tri·chlorodi­
fluoromethane, by Thomas Midgley, of the 
General Motors Research Laboratories, and 
quoted the inventor's prediction that the 
application of these compounds to air­
conditioning would result in greatly broad­
ening the scope of this industry_ Today 
that prediction has been verified. The 
total air-conditioning in use in the United 
States is now more than 16 times what it 
was in 1930. 

Over 85 percent of all the mechanical re­
frigeration . installed for air-conditioning 
since 1931 (when organic fluorides were 
first made commercially available ) is oper­
ating on either dichlorodifluoromethane or 
trichlorodifluoromethane. At the present 
time 95 percent of all such new installations 
being made use one or the other of these re­
frigerants. Over 99 percent of all mechanical 
refrigeration in use on Pullman cars for 
air-conditioning employs dichlorodifluorome­
thane as the refrigerant.-A. E. B. 

S Low.MoTION PICTURES 
CHECK '"ROUGH RIDING" 
OF TRAINS 
ABOUT a year ago, the Chicago, North 

.tl. Shore & Milwaukee Railroad, the high. 
speed electric line running between Chicago 
and Milwaukee, decided to conduct an in· 
vestigation of truck oscillation or "nosing" 
-a transportation factor which, because of 
the resulting uncomfortable riding, has be­
come increasingly objectionable on all rail· 
roads as speed has been increased. 

A slow-motion 16-millimeter Bell & How­
ell motion picture camera was mounted in 
a box on a bracket on one corner of a truck 
which was guilty of nosing. Solenoid con­
trol started the camera after the car had 
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reached a speed above 60 miles an hour, 
when noticeable nosing commences. The 
camera was focused on the lower part of 
the wheel where it contacts the rail, and 
pictures were taken of a worn wheel as 
found in service and then of a new replace­
ment wheel. When the films were projected 
both the worn and the new wheel were seen 
to oscillate with a regular and continuous 

The camera checks train riding 

motion. The only difference noticeable in 
the movies of · the two wheels was the less 
violent action of the new wheel due to the 
fact that this wheel had less clearance be· 
tween flange and rail than did the worn 
one. This led to the belief that the oscilla­
tion was caused by the taper of one inch 
in 20 which has been a part of the stand­
ard design for railroad wheels. 

On this belief, a set of wheels was turned 
without any taper but with the flange kept 
the same shape and size- as formerly. Slow­
motion pictures taken of these wheels 
showed no regular oscillation at all ; in fact, 
the flange seldom impinged upon the rail 
on a straight track. The riding of the car 
was greatly improved, as there ' was no more 
nosing. The test car was put into regular 
service and watched as to wear of wheels 
and riding quality. The wheels wore with 
some taper due to the rails' being worn 
that way by the standard wheels, but slow· 
motion pictures taken after 30,000 miles 
showed only a slight tendency toward os­
cillation. This car is still in service and is 
being carefully watched, but the results of 
the test have been so conclusive that all new 
wheels and those re-turned are of the new 
type without a taper. 

Says a Chicago, North Shore & Mil· 
waukee Railroad official : "A number of 
railroad men from other lines have viewed 
the slow-motion pictures and have applied 
the principle to their equipment, especially 
in the case of the new streamlined trains, 
and greatly improved riding has resulted." 

PLATINUM THERMOMETERS 

PLATINUM i s  extensively used in the 
chemical laboratory and is  gradually 

finding new applications in the chemical 
factory. One of the interesting uses of plati­
num for measuring temperatures was de­
scribed by F. E. Carter in Industrial and 
Engineering Chemistry. 

"Chemical processes have usually to be 
carefully controlled as to temperature," says 
Mr. Carter, "and the platinum metals are 
much used in the indicating devices. In 
resistance thermometers, temperature is ob-
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tained by measuring the resistance changes 
of the wire with the temperature. Pure 
platinum wire is generally used because of 
its stability and of its high temperature 
coefficient of resistance. The material must 
be of the highest purity, in which condition 
the coefficient is about 0.0039 per degree, 
Centigrade. Such thermometers are exceed· 
ingly accurate up to about 900 degrees, 
Centigrade, ( 1652 degrees, Fahrenheit ) .  
Above this temperature thermocouples must 
be used. Base·metal thermocouples have a 
high thermo·electromotive force but cannot 
be used satisfactorily much above 1000 de· 
grees, Centigrade. For higher temperatures 
platinum metals are used. The negative ele· 
ment is pure platinum and the positive 
element is  practically always an alloy of 
platinum and rhodium."-A. E. B. 

S HRINKAGE FACTS 
"WILL it shrink ? "  Most people want 

assurance when they buy a garment 
of any description, that it will still fit after 
it has been laundered or dry cleaned. Many 
manufacturers are trying to meet this de· 
mand for information by some sort of state· 
ment on the label attached to the garment. 
Unfortunately, many of the statements thus 
made are indefinite and almost worthless 
to the consumers, says the Federal Bureau 
of Home Economics. 

What does "Preshrunk" or "Super, 
shrunk" really tell you. Merely that the 
fabric has been subjected to a shrinking 
process. Will it shrink any more ? You do 
not know. "Will not shrink out of fit" is a 
statement you sometimes find. It sounds 
more promising, but what does "out-of·fit" 
mean ? Opinions vary. If it does shrink, the 
merchant's idea as to  what constitutes "fit" 
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is just as good as yours. "Fully shrunk" or 
"Will not shrink" can be rightly interpreted 
to mean that the garment will show no 
noticeable shrinkage when laundered. 

The New York Board of Trade would 
go even farther. It recently initiated a 
project on shrinkage under the sponsorship 
of the American Standards Association. The 
committee working on the subject recom­
mends that no woven fabric be labeled 
"Preshrunk" if it will shrink more than 3 
percent when subjected to a standard wash­
ing procedure. In addition it recommends 
that the probable percentage of shrinkage 
be definitely given on the label, as "Pre­
shrunk, will not shrink more than 2 per­
cent." At present these recommendations 
have not been adopted by fabric finishers. 

MAN, EXTINCT BISON, 
CO-EXISTENT IN AMERICA 

No doubt about it-there were hunters 
roaming the American wilderness so 

long ago that they slew animals unknown 
today. 

A hand-made stone dart point has been 
discovered where it dealt its death blow­
fixed in the vertebra of an extinct form of 
bison. The find clinches in the affirmative 
arguments that man inhabited America in 
those early days, perhaps 10,000 or 20,-
000 years ago. 

The shot that paralyzed the hapless bison 
was discovered by Dr. Frank H. H.  Roberts, 
Jr., of the Bureau of American Ethnology 
during recent excavations in northern Colo­
rado. Dr. Roberts found the vertebra in 
an assortment of bison bones at a place 
where the ancient hunters butchered their 
game .-Science Service. 

ENERGY FROM MATTER 
( Continued from page 301 ) 

an erg ) . The total energy released in the 
reaction in the motion of the two alpha 
particles is  therefore twice this, or 27.4 
microergs. 

The energy put in as kinetic energy of 
the bombarding hydrogen ion is  much smal­
ler. The experiments can easily be done with 
voltages below 400,000, which means an 
energy of the bombarding ions of 
400.000X4.77X lO-10 • 

300 
ergs, or 0.64 mlcroergs. 

( The rule is : voltage times charge divided 
by 300 gives energy in ergs, and the charge, 
4.77 X 10-10 is  the same as for an electron.) 
Thus there is  a clear violation of conserva­
tion of energy, for about 27.4 - 0.6 micro­
ergs of energy are gained for every transmu­
tation taking place. 

This may seem trivial when expressed per 
atom, but in view of the enormous number 
of lithium atoms in a pound ( 3.9 X 1025 ) 
it is easily calculated that the conversion of 
a pound of lithium this way would give 
about 30,000,000 kilowatt-hours of energy, 
which is several million times the fuel value 
of petroleum. But the research of the type 
done so far is  far from converting an ap­
preciable quantity of material and, in view 
of the large energy used for protons which 
do not make a proper hit, the apparatus 
consumes vastly more energy than is re­
leased by atomic disintegration. 

Now let us consider the exact masses. 

The precision measurements of these we 
owe to Aston of Cambridge, England, and 
to Bainbridge, now of Cambridge, Massa­
chusetts. It is too long a story to describe 
here the details of the mass spectrographs 
in which a beam of ions is deflected in elec­
tric and magnetic fields to supply data from 
which the masses may be obtained. Suffice 
it to say that with this method the precise 
values of the masses involved in our dis­
cussion are found to be 

H' 1 .0078 
He< 4.0022 
LF 7.0146 

U sing these masses we find that the total 
mass of LF and H' is 8.0224, whereas the 
mass of the two alpha particles given out 
by the reaction is 8.0044, so the mass of the 
products is less than the mass of the atoms 
used by 0.0180 units. The unit of mass here 
is such that the mass of the lighter oxygen 
isotope is taken to be exactly 16. It is  known 
that unit mass on this scale is equal to 
1.65 X 10-2< grams. 

Therefore we are dealing in these experi­
ments with a transformation in which the 
total mass decreases by 2.97 X 10-26 grams 
and kinetic energy is gained by 26.8 micro­
ergs for every pair of alpha particles pro­
duced. According to Einstein's principle this 
mass loss ought to correspond to 26.7 micro­
ergs, which is a perfect check. 

As mentioned earlier, there are a number 
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R IIPID ClilCULIITOR 
For Multiplication, Division, 

Solving Triangles, Stress 
and Force Diagrams 

• T HE " T R I G O N O -
GRAPH" is a time sav� 
lng, indispensable "tri· 
angular slide rule" for : 
Solving Right and Ob­

lique Triangles, Obtain­
ing AU Trigonometric 
Functions of an Angle 
by a Single Setting. 

Multiplication. Division, Proportional Calculations. 
and Solution of Stress and Force Diagrams. A 
Combined Numerical Calculator and 'frigonometric 
Function Table on a Single Page. Ideal for re­
dew. Instruction Book furnished. CellulOid "Trigono­
graph" $1.50 ; Cardboard Model 50c. l\fon� back 
guarantee. Descriptive Circular on Request. 

CH EMICAL RU BBER PU BLI S H I N G  CO. 
1 908 W. 112th St. Cleveland, O. 

W A N T E D  
TECHNICAL ENGINEER in a large factory 
manufacturing timekeepers. 

Man experienced and capable of taking 
full charge of designing, drafting, checking, 
blue print work-also man to assume re­
sponsibility of Manufacturing Department 
or Division making parts. Must be good in­
vestigator and organizer. Experienced man 
preferred. 

Address Box 500-SCIENTIFIC AMERICAN 24 West 40th St. ,  New York City 

THE MECHANISTIC AUTONOMY 

OF NATURE 
with 1935 supplement on 

The New Vortex Atom 
1 1 8  pages, 24 diagrams 

A new system of atomic structure which is substantially 
free from arhi trary postulateH amI which seems capable 
of explaining all the more important physical and 
ehemical propertiell on the basis of pure geometry. 
Challenges present-day mysticism and indeterminiRm 
and those theories which proclaim that the atom cannot 
he represented diagrammatically. 

Price. postpaid, $1.00. :Money rnmt accompany order. 

C. F. K RA F FT,  25 1 0  Q St_. N . W  . . Was h i n gton ,  D _  C.  

Bargain Army Rifles 
Springfi eld rifle. cal. 30/06, 24" barrel.. . . . . . . . . . . . . . .. . . . $ I G .50 
Springfield riffe, cal. 45/70. 3272 "  barrel.. . . . . . . . . . . . . . .  $ 4.25 
Sprin gfield rifle, oal . 50 with 60 .artrid ges._ . . . . . . . . . . . . . .  $ 5_00 

Illustrated catalog, 1933 issue, 364 pages, with 20 page 
1935 supplement ; showing guns, pistols,  swords, uniforms,  
etc . ,  mailed for  50 cents. New circular for  3e stamp. 

Established 1865 

F RA N C I S  B A N N E R M A N  S O N S, 50 1 B' way. N .  Y. C ity 
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I I  

NAMES AND ADDRESSES 
of 

MANUFACTURERS 

• If you want to survey a 
certain field of industry, or 
desire to get in touch with 

all of the recognized manu­
facturers of some particular 
product, we can supply com­
prehensive lists for a nom­
inal fee. Write for informa­

tion on this service, stating 
just what listings you reo 
quire. 

A minimum charge of one dol­
lar is  made ; the total cost of a 
list is dependent upon length. 
Address : 

I 

Manufacturers Listing Service 

I I  SCIENTIFIC AMERICAN 

24 W. 40th St., N. Y. C. 
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P A T E N T S 

F R E E  B O O K  
Contains valuahle infor­
mationrelating to patent 
prooedllre. A copy will be 
sent to you without 
oharge. Write-

T I M E  
C O U N T S  

in apply
'
log for patents. 

Don ' t  risk delay in protect· 
ing your ideas. Send sketch 
or model for instructions or 
write for FREE book. "Pat� 
ent Guide for the Inventor " .  
a n d  "Record of Invention" 
form. No charge on how to 
proceed. Prompt, careful, ef­
ficient service. 

C L A R E N C E  A. O ' B R I E N  
and Hyman Berman 
R e g i stered Patent Attorneys 

5489 Adams B u i l d i n g .  Was h i n gton .  D. C. 

I SELL PATENTS 
If you wish to add New Products to your line, 
or have a good Patent to sell, write me-

CHARLES A. SCOTT 
Estublished 19110 

773 SA Garson Ave. Rochester, N. Y .  

ELP FOR INVENTORS ! 
Millions have been made from ideas properly de­
veloped and protected. Send us a rough sketch or 
model of your invention and we will submit com­
plete report backed by thirty years' experience. 
Confidential service ; bank referefl(�es furnished. 
Modern equipment. \Va also manuracture inven­
tions in any quantities at low cost. Free book let 
"Making Inventions Pay" .sent on request. 

C R E SC E N T  T O O L  C O M  P A N Y ,  D e pt. H, C i n c i n n ati, O.  

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.,  1 87 Lafayette St., N. Y·. C. 

THEODORE H. RUTLEY 
Solicitor of Patents 

Patent Office Register No. 13.938 
5 1 2.A Colorado Bldg. Washington, D. C. 

INVENTIONS 
W A N T E D  

Patented or Unpatel!ted 

T H E  P R E M I E R  CO M PA N Y  

For 

We need good marketable In­
ventions NOW. Submit your 
ideas to us at once. A real 
opportunity for serious minded 
inventors. References furnish­
ed. Advise nature of your in­
vention in first letter. 

D ept. F. Keene. N. H .  

Scientific and Technical Books 
try our BOOK DEPARTMENT 

SCIENTIFIC AMERICAN 

PAT E N T Other men have read 
and profited by our 
free book "Patent Pro-

Y 0 U R I D E A tection". Fully explains 
many interesting points to 
inventors and illustrates 

important mechanical principles. With book we also send 
free "Evidence at Invention" form. Prompt s ervice, rea son­
able fees, deferred payments, thirty-five years' experience. 
Avoid risk of delay. \\Trite immediately to : V i ctor J. 
Evans Co.. Registered Patent Attorn eys, 537 · P ,  
V i ctor B u i l d i n g, Wash i n gto n ,  D. C .  

CYCLOPEDIA of 
FORMULA S 

By ALBERT A. HOPKINS 

DRESSED in an attractive new binding, 
stronger and more flexible than the old, 
this standard reference is an indispen­
sable unit for libraries. laboratories. re­
search shelves and the home. Librarians 
tell us it is one of the most frequently 
consulted books and its well-worn condi­
tion, wherever found. attests its useful­
ness. Over 15 .000  formulas cover every 
conceivable application.-$5.50 postpaid 
domestic. 

S C I  E N T I F I C A M E R I ' C A N  

of nuclear transmutations whose energies 
have been measured and found to involve 
mass changes accompanied by the equiva­
lent energy changes. Neither the total mass 
nor the total energy is the same before and 
after the transmutation, but the sum of 
energy plus mass, multiplied by the square 
of the speed of light, remains unchanged. 
This we interpret as meaning that we have 
true conservation of energy if we count the 
mass changes as being equivalent to energy 
changes by the Einstein principle. 

In a recent paper by Oliphant, Kempton 
and Rutherford, 15 different reactions are 
given, in which a quantitative correlation is 
established between the mass change and 
the energy change. So the validity of mass 
and energy equivalence is now fully estab­
lished experimentally. But there is no hope 
of getting at this latent form of energy that 
is locked in matter until some more efficient 
way is found of stimulating the nuclear re­
actions by which it is  released. 

CURRENT BULLETIN 

BRIEFS 

WOOD HANDBOOK is a well printed, 326-
page book, paper covers, in which wood 

is defined in technical properties and be­
havior. The publication is of interest to 
wood users generally, embodying the re­
sults of 25 years of research by the Forest 
Products Laboratory. It treats of all prac­
tical uses of wood and is thoroughly illus­
trated with drawings and photographs. 
Superintendent of Documents, Government 
Printing Office, Washington, D. C.-25 
cents ( coin ) . 

BLUE BOOK OF THERMOMETALS is a 32·page 
loose-leaf bulletin which gives a com­

prehensive review of specifications, prop­
erties, and methods of application of mod­
ern thermostatic bi-metals. Ten full-page 
charts show flexion and force characteristics 
together with appropriate design formulas. 
W ri'te for Bulletin 1235A to Scientific 
American, 24 West 40th Street, New York 
City:-3-cent stamp. 

A COMPREHENSIVE CATALOG of radio parts 
of particular interest to set constructors 

and service men is now available in a 40-
page pamphlet which lists particularly 
molded and other types of insulating forms 
and panels. Specialized tools are also in­
cluded. Write for Bulletin 1235B to 
Scientific American, 24 West 40th Street, 
New York City.-3-cent stamp. 

SCHNEIDER LENSES FOR PHOTOGRAPHY AND 
CINEMA WORK is an informative pam­

phlet, beautifully illustrated with photo­
graphs showing the type of work done with 
these particular lenses, and especially 
valuable to the advanced amateur photog­
rapher. Write for Bulletin 1235C to 
Scientific American, 24 West 40th Street, 
New York City.-3·cent stamp. 

SKEET HANDBOOK describes briefly the in-
creasingly popular sport of skeet, shows 

how to lay out skeet fields, and gives valu­
able hints about skeet shooting. Thoroughly 
illustrated with excellent photographs and 
helpful drawings. Also included is "Macnab 
on Skeet ," a little pamphlet which gives 
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specific hints about shooting at the various 
positions, as well as generalized informa· 
tion. Both booklets will be sent upon reo 
quest for Bulletin 1235D to Scientific 
American, 24 West 40th Street, New York 
City.-3·cent stamp. 

PRACTICALLY EVERYTHING in the way of 
radio supplies, ranging from soldering 

lugs all the way up to a 24·tube all-wave 
receiver, is included in a new 196·page 
radio catalog now available. Write 'tor 
Bulletin 1235E to Scientific American, 24 
West 40th Street, New York City.-3-cent 
stamp. 

NICKEL CAST IRON, THEORY AND PRACTICE, 
is a small, well illustrated pamphlet 

with a unique presentation of 10 studies. 
On each page is given the theory of some 
phase of cast-iron usage and immediately 
beside the theory are given practical appli­
cations. Write for Bulletin 1235F to 
Scientific American, 24 West 40th Street, 
New York City.-3·cent Stamp. 

CASTINGS deals with problems encountered 
in various industries where metal 

articles are used. It gives specific advice re­
garding particular applications of cast al­
loys, and is thoroughly illustrated. Tables 
give properties of the alloys discussed. 
Write for Bulletin 1235G to Scientific 
American, 24 West 40th Street, N ew York 
City.-3-cent stamp. 

SPHERICAL ROLLER BEARINGS . tells of the 
theory underlying the design of this 

type of roller bearing, illustrates many of 
its uses in diversified industries, and de­
votes several tables to the selection of 
spherical roller bearings for various pur­
poses. Write for Bulletin 1235H to 
Scientific American, 24 West 40th Street, 
New York City.-3·cent stamp. 

FACTS ABOUT WELDED PIPING deals with 
the advantages of this type of installa­

tion for industrial and home use. A com­
plete illustrated section is devoted to pipe 
welding specifications for heating, plumb­
ing, refrigeration, and power piping instal­
lations. Write for Bulletin 1235K to Sci­
entific American, 24 West 40th Street, New 
York City.-3-cent stamp. 

MICRODAK BOOKLET describes in detail a 
simple camera amI stand for taking pho­

tomicrographs with any microscope. It also 
gives complete instructions for use. Write 
for Bulletin 1235J to Sdentific American, 
24 West 40th Street, New York City.-3-
cent stamp. 

ZEOLITES : MINING, PROCESSING, MANUFAC-
TURE AND USES deals with these phases 

of the zeolites which are coming into ex­
tensive use in water softening systems. Text 
and 84 photographs tell the whole story in 
detail. Write for Bulletin 1235L to Scientific 
American, 24 West 40th Street, New York 
City.-3-cent stamp. 

A SECOND PRIMER, by Samuel Crowther, i s  
a broad discussion of economics as they 

pertain to the present situation in the 
United States and particularly in relation­
ship to trade and tariffs. The Chemical 
Foundation Incorporated, 654 Madison Ave­
nue, New York City.-Gratis. 
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MAN, THE UNKNOWN 

By Alexis Carrel 

IN this rather lengthy but readable 
book the famous French surgeon and 

biologist of the Rockefeller Institute 
sets down an immense amount of fact 
and philosophy regarding our bodies 
and minds and the activities of each. 
But his book is far from a mere catalog 
of physiological facts-it is mainly 
philosophical and is provocative. Dr. 
Carrel is a mystic-he also believes in 
telepathy and clairvoyance and this 
book presents his metaphysical lean· 
ings in general.-$3.65 postpaid.-A. G. I. 

YOUR INVENTION 

By Elmore B. Lyford 

IF an invention is to be properly pro· 
tected and then exploited to greatest 

advantage, there are a multitude of de· 
tails which must be properly attended 
to. The author of the present book makes 
an effort to outline these details in sim· 
pIe yet concise language and to provide 
for the reader a definite guide to the 
correct procedure of handling his in· 
vention. No matter how small or trifling 
an invention may be, the inventor of it 
will do well to peruse the pages of this 
book and thus provide himself with a 
background which will enable him to 
avoid many of the pitfalls that might 
otherwise cause him to lose the benefit 
of his conception. A full page chart re­
duces to graphic form the steps which 
must he taken between the inception of  
an idea and the issuing of a patent.­
$1 .65 postpaid.-A .  P. P. 

MATHEMATICS AND THE QUES­
TION OF COSMIC MIND 

By Cassius Jackson Keyser 

THREE essays on mathematics ; its 
meaning, relation to human society, 

and bearing on the thesis that our uni­
verse is a manifestation of mind ; also 
two allied discourses and a biographical 
sketch.-85c postpaid.-C. E. 

THE EMPEROR OF THE ANTS 

By Vamba (Luigi Bertelli) , Translated 
by Nicola Di Pietro 

THIS is a book of fiction but never­
theless a highly instructive story for 

children around the age of ten. A clue 
as to the theme of the story is given 
in the titles of the first, second, and 
third chapters which read : "How Too 
Little Desire to Study Caused Three 

Children to Wish to Change into Dumb 
Animals" ; "Gigino Becomes an Egg" ; 
and, "What a Boy, Who Doesn't Like 
to Study, Must Learn on Being Reborn 
as an Ant." From the third chapter on, 
Gigino learns all there is to know about 
ants while living among them. The 
volume is well illustrated throughout. 
Drawings show all stages of ant life, 
activities, and interests. Any child with 
the slightest flair for Nature study will 
take great delight in this volume.­
$1.65 postpaid.-F. D. M. 

THE FLYING FAMILY IN GREEN­
LAND 

By Lieut. Col. George -R. Hutchinson 

THIS is a story of the four Hutchin­
sons-father, mother, and little 

Janet Lee and Kathryn-whose flight to 
Greenland a year or two ago attracted 
so much attention. It tells the intimate 
story of their airplane j ourney while 
attempting to make a trip across the 
Atlantic, of their disappearance, and of 
their final rescue. It is as much a story 
of adventure as it is an epic in the annals 
of aviation progress. Written for youths 
and grown-ups alike.-$2.15 postpaid. 
-F. D. M. 

PREHISTORIC ARCHAEOLOGY 
AND SIR RAY LANKESTER 

By J. Reid Moir 

THIS is the story, rather vivid and 
racy, of a fight to vindicate a new 

idea in science. About 25 years ago the 
author (who has often written for 
Scientific American and is an amateur 
archeologist ) made notable discoveries 
of ancient man in England, which did 
not fit in with the established doctrines 
of an older generation of anthropolo­
gists, for they showed man to be very 
much more ancient than was then be­
lieved. The dynamic Sir Ray Lankester, 
head of the British Museum of Natural 
History, sided with him and helped him 
win through to final full recognition 
by science. Some of Sir Ray's methods 
were startling and the narrative is a 
running record of the fight, with a 
chuckle in every episode.-$3.00 post­
paid.-A . G. I. 
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New York City 

What strange powers did 
·
the 

ancients possess? Where was the 
source of knowledge that made it possible for 
them to perform miracles? Were these pro� , 
found secrets burned with ancient libraries, 
or are they buried beneath crwnbling Temple 
waHs? These wise men of the past knew the 
mysteries of life, and personal power. This 
wisdom is not lost-it is withheld from the' 
mass. It is offered freely TO YOU if, with 

an open mind, you wish to step out of 
the rut of monotonous existence and 
MASTER YOUR LIFE. 

T H I S  � R E E  B O O K  
Man's intolerance has at times swept his 

achievements from the face of the earth, yet 
secret brotherhoods have preserved this sac. 
red wisdom of the ages. The Rosicrucians, 

" one of these ancient brotherhoods, INVITE 
YOU to write and secure a free copy of "The 
Secret Heritage." It will point out how you : 
may receive aj,!e.ofd truths. You can learn . 
to MAKE YOUR LIFE ANEW-the 
(ulliJlment of your ideals awaits 
you. Address: 

Scribe E. H. A. 

- A.M O R e ­
S A N  J O S E ,  C A L I F O R N I A  � The RoslcruclatllJ are NOT a reUglous organlz.atlon 
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100 Paths To a L iving 
Create a job for yourself 

A book for those to whom depression brings 
ehallenge to start again ; win along new lines. 
Edward Mott Woolley tells HOW 100 men and 
women found ways into jobs, beat age limit, 
started small business on scant capital or none, 
eh�nged oceup�tions

� 
traded ability for partner­

slnp. $1. postp d. 10.) pages. 
Also his-Writi ng  For Real  M o n e y  (free-lance 
advertising) .  Chances everywhere for 'special 
kinds of advertising work. Gives own experiences, 
prices, names. Printed Salesmanship says, "For 
advertising beginner, most enlightening." 144 
pages, $1 .60 postp'd. Both books standard size. 
binding. 

E. M.WoolIeyAs.ociates, Publishers, Passaic Park, N. J. 
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G E A R S  
I n  Stock- I m mediate D e l ivery 

Oea,re. speed reducer!!. sprockets, thrllst 
bearings. flexible couplings, pulleys, etc. A 
complet.e line is ("f1Tried in aIle Chicago stock. 
Cnn Also QlIofe on spef'inl J!:e�1"S of any kind. 
Send Us YOllr bhw prints find illQniries. 

Write for Cata log No. 20 
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M i litary M otorization 1 9 1  
Parts from S o y  Bean. .  318 
Radiator Cleaner 205 
Road-Rail Truck . . . . . . . . . . . . . . . . . . . . . .  205  
Tires, Rayon in B etter. . . . . . . . .  95  
Tires.  Sponge Rubber. . . . . . . . . . . . . . . . .  105  
Traffic Laws, Uniform. . . . . . . . . . . . . .  1 77  

AVIAT I O N  
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Aircraft Production . .  
A i r  Passenger Statistics . .  
Airplane Versus B i r d  
Airplane's L i f e  . . . . . . . . . . . . . . . . . . . . . . . . .  . 
Airports for Private Flying . .  
A i r  Records. Why Seek ? . .  . 
Airsickness, Remedy for . . . . . . . . . .  . 
Airship Conference 
Airship Plus Helicopter . .  
Airship. The Future of the . .  
A i r  Subsidy. British. 
Air Transport Statistics . .  
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Bomber. Huge 
Cargo Carrier, Airplane . . . . .  . 
Engine, Power of . .  
Engine Test  Stand. Portable . . . . . .  
Engines. Double-Row Aircraft . 
Eyes of the Fleet . . . . . . . . . . . . . . . . . . . . . . .  . .  
Fast Airplane Tested for Navy . . . . .  
Fighting Aircraft, Amiot 1 4 3 M  . .  
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Food. Self-Heating . . . . . . . . . . . . . . . . . . . . . . . .  . 
Helium in Sweden . . . . . . .  
Landing Field. Novel Form o f  
Landplane, Fastest . .  . . . . . . . .  . 
Military Aircraft Ideas . . . . . . . . . . . . . . . . . . .  . .  
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Parachute J umps. A Record for Low 
Passenger Comfort . .  . . . . . .  . .  
Pilot's Kit, Transport . . . . . . . . . . . . . . . . .  . .  
Propeller Drive. Anti-Torque . . . .  . .  
Race for Private Owners . . . . . . . . .  . 
Register, Air Pilots' 
Resistance Reduction 
Robot Plane . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 
Rover Engine for Private Planes . . . .  . 
Safer Airplanes ? . . . . . . . . . . . . . . . . . . . . . . . . . .  . .  
Sound a n d  Aircraft . . . . . . . . . . . . . . . . . . .  . .  
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Concrete-Arch. World's Longest . .  9 7  
Danish B ridge . . .  . . . . . . . . . . . . . . . . . . . . . .  1 2 8  
Old B .  & 0 . . . . . 1 50 
San Francisco-O akland Bay Bridge 

Cables . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  260 
Triborough B ridge. New York's . . .  93. 323 

B U I L D I N G  C O N STRUCTI O N  
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Cement. Bubbles for 
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Housing at Reedsville. West Virginia 
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Lighting a W indowless B uilding 
Subsistence Homesteads . . . . . . . . . .  . 
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Anglo-American Relations . . . . . . . . . .  65  
False  Prophets on Statistics . .  65  
Imports Versus Exports. .  299 
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Light Sensitive Cells . . . . . .  198  
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Public Address System. N ew Portable 5 0  
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Aqueduct. Colorado River. .  308 
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Canal System. M ississippi, Study . . . . . . .  3 1 8  
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Flood Control of  M ississippi . .  8 0  
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ENGINEERI N G. M ECHANICAL 
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Ice Lowers Phone Subway Line . . .  2 1 0  
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ENT O M O L O GY 
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Art Works, Delicate. Copied . 322 
Lost Wax Casting. .  142 
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FIRE 
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F O O D S  
Boric Acid Ice  Protects Fish Ship-
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Garl ic. Now You Can Eat. .  1 52 
Malted M ilk. Pectinized . . .  40 
M ilk, Measuring Sunshine in . . .  200 
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Rheumatism Cured by Vitamin D .. . .  
Scientific ' Proof in M edicine . . . . . . . .  . 
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Copper and Its Alloys . . . . . . .  2 0  
Corrosion, Fight . . . . . . . . . . . . . . . . . . . .  2 0  
Lost Wax Casting. . . . . . . . . . . . . . . . . . . . .  142 
M etal Cleanser-" Sol-Klean" . . . . . . . . . .  280 
Metals, M easuring Expansion of . 96 
Metal to Money. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 195  
S ilver Tarnish, Preventing. . . . . . .  3 4  
Stainless Steel Etching . . . . . . . . . . . . .  336 
Tantalum Sheets Arc Welded . . . . . .  .209 

M ET E O R O L O G Y  
Anemometer, Heated Wire . . .  280 
Flood Warnings, Automatic "B���d: 
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Weather Forecaster 51 

M I C R O S C O PY 
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Photomicrography Simpl ified 
Surface I lluminator . . . . . . . . . . . . . .  . .  
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MISCELLAN E O U S  
Canned B eer . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 322 
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Efficiency, Office . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  8 3  
Ethiopian Language . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  3 1 9  
Explosions, "Polite," in Coal Mines 2 1 5  
Fingerprints "Raised" from Clotl, . . . . . . . .  , 200 
Fountain Pen· Filled with Water. . . . . . . .  282 
Gems. Detecting Spurious, with Dry-

Ice . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  106  
Guitars, Steel .  95  
Ice,  Perpetual, in a Lava Bed. . . . . . . . . . . . . . . .  3 0 5  
Meteorites in Field Museum . . . . . . . . . . . . . .  160 
Mufflers for Target Ranges . . . . . . . . . . . . . . . . . . .  2 6 7  
Newspaper Columnist, Facetious 1 2 1  
Odor of Flowers . . . . . . . . . . . . . . . .  1 53 
Salvage B athysphere . . . . . . . . . . . . . .  4 6  
Soap, More. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  2 70 
Why ? ( Philosophical Poem) . . . .  323 

M O V I N G  PICTU RES. See Photography 
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Lightning Bug, How Bright Is a ?  . . . . . .  1 5  
Man-Eaters, Debunking . . . . . . . . . . . . . . . . . ' .  208 
Mosquito, Lady, and Her Tool Kit .  73 
Nature Faking Again . . . .  . . . . . . . . . .  . . . . . .  186 
Orang B orn in Captivity . . . . .  1 72 
Snake, When One B ites You . . . . . . . . . . . .  74 
Takin ( Chinese Mountain Antelope )  4 

NA VY, See Army and Navy 

OPTICS 
Light Waves in Industry . . . 188  

PAI N T S  AND VARNISHES 
Alumi�um Pa!nt. Used .on B ridge . 206 
Corros,on-Res,stmg Pamt . .  , . . . . . . .  . . . . . . . .  1 60 
Nitrocellulose Finishes-t tMacoid' � . . . .  2 1 6  
"One-Way Paint" . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  9 3  
Protective Coating Stops Waste . . .  89 
Protective Paint for M etals . . . . . . . . . . . . . . .  267 
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Give Books! 
To Adu lts for Christmas; 
Noth ing is more Acceptable 
t .  Getting Along with People-By ;\[ilton Wright. The best honk whil'h 

Ila� COIHe t o  Ollr attention shOWing how a person ll Iay find the gTeatest 
liappiness and Sti('('ess hy learning how to lInderstand p<.'oplc. A widely 
acclaimed lJook.-$t.6;J postpaid. 

2. Modern Criminal I n vestigation-By Dr. Harry Soderman and 
Velluty (,hief Inspector John ,I. O'Connell. These two experts ('any 
YOli through the entire range of Kcientiftc crilllinal inre.-.;tigatioll.  A 
rery readallie fi nd informativc story of IIIOdel'll ('I "illlillology.-*� . :! O  
postpaid. 

3.  The Art of I nventing and What tG I nvent-By Raymond F. Yates. 
A valuahll\ book wllieh will Kenc to put many elllhryo illn�ntorK 0 1 1  

the right track. ( 'nnt,ainK a IiKt of 77 important artich.'s still to lJe 
i l l r ented.-$3 . 1 i) postpaid. 

4. Marvels of Modern Chemistry-By Beverly L. ('Jark. Ph.n. A !(en­
eral surrey of all pllaseK of chclllistry showing the vt'r,r deftnite effect 
chemistry has on ollr ereryday lives. Intended primarily for Ja,YllIen.­
$:!.6ti 1l0stTlaid. 

5. The Solar System and Its Origi n-By Professor Heur)· �orris 
Hu::)sell. \\'e r('collIlll<'Jld this t o  those of our renders who 11<1\"e 1\JI O\\"J I 
Professor Mussell's work i l l  Hdl.:'ntifi(' American for l I Ially �·t'iHS. III 
dear. il lfol" lllal style, Professor Husst .. ll slims up t h e  111'l'SPlit statt' of 
).;:n()wh'dgt� and tJH:'OI'Y concernillg the Kolar systelll.-$:!. L i  postpaid. 

6. Your Hear i n g-By "'. C. Philips. How to IlreSerVc and :lid y01l1' 
lleal'ill g·--scie!ltitically.-$2.1:l (Jost])uid. 

7. New Feet for Old-By .Tohn :lIartill Hiss. A practical hook for those 
Who slItt'er t"rom t.hl'ir t"eet.-$ :! . 1 0  postpaid. 

8.  Good Eyes for L ife-By O. C .  Henderson and H. C. Powell. Adyice 
on tlte scicllee of gaol! treatment of our cyesight.-$ � . l ;J postpai d .  

9. Air Conditio n i n g  (with O z o n e  FactsJ-By E. \Y.  Hiesheck. � r . E .  
A n  easily understandable discussion of the various types of a i r  ('011-

ditionillg lInits with technical data abollt their eonstruetiol1, ollcratioll .  
and serdcing. Includes a section on ozone.-$3. ' 0  postpaill. 

1 0. M e n .  M irrors and Stars-By G. Edward Pendray. Every amatem 
astronomer, every amateur telescope maker, and evel'yone who 1a lH's 
an interest in astronomy should possess a (,OilY of Ulis book which 
givcs the general background of astronomy. "'ritten in lHight, re­
freshing st)"le.-$3 . 1 4  postpaid. 

I I . Modern P h otography with Modern M i n iature Cameras-By \Yilliam 
Alexander . . All branches of work that can be done with the newer. 
modern cameras and accessory equil)ment. Indispensable to those who 
follow the new yog-lle of the miniature camera.-$2.V:i postpaid. 

1 2. I nfra-Red Photography-By S. O. Rawling, P.Se. , F.H.P.S.  A 
physicist and amateur photogl'aI)her gives a l l  the details attendant 
upon maldng of photographs by infra-red rays. Eminently pl'actic<l l .  
-$1.6;:; postpaid. 

1 3. A Search for Truth (second edition J-By Eric Temple Bell. Per­
sons interested in scientific theories should read this outstanding 
book. It places sharp tacks i n  the seats of the mighty in [he scientific 
world. This book centers around the rules of thinking employed in 
man's search for truth.-$3. Hi po�tJlaid, 

�������� 

and to Jun ior Scientists 

H O L I DAY 
H i l L  ( 1 4 )  

HOLI DAY 
PO N D  ( 1 5 )  

H O L I DAY 
M EADOW ( 1 6 )  

1 4 ,  1 5  and 1 6. H o l i day H i ll,  H oliday· P o n d ,  and 
H o l i day Meadow-By Edith �L Patch, illustrated 
0\' \Y. Bronson. These lJOoks of sciencc which 1ell 
Y;'UligStCI"S so llluch about the creatures of th ... ' 
fidel and stream and the natttral wonders in the 
wnrld alJout them arc outstanding. )I iss Patch, a 
distil l�;l [ ishe<l KCientist, lias lH"esente<1 this lIS("flll 
illftJ l " l t l il j jofl in interesting- stol',Y-llOoli: forlll wllie]1 is 
tldig'lI tt"lt I readillg fUr dlildrcn from :-;ix to t Wl'J\"C. 

1 4 , I S , and 1 6  (above) formerly $2.00 Each 
For Christmas, $ 1 .25  Each 

1 7. The Stars for Chi ldre n-By ( ; a ylord .Johnson. Astronomy in story form 
from {:o"er to ('ore)'. !J�' [lleans of whkh YOllngsters may be cn('otll'agl'd 10 
karn a lot without realizing it.  C rown-lIlIs, too, will  enjoy it.-$l.U;, postpa,id. 

1 8. How to Identify the Stars-B< "·illis 1. �lilhalll, Ph.D. Practical instrll,"­
t i UIlS 1"or learning- 1he constellations, sillll)le, and easily follmved. Illustrated 
with :!4 black charts of the l)rin(' i p a l  stars.-$1.6;:; postpaid. 

1 9. Along the H i ll-By Carroll Lane Fenton. The rocks. the soils. sands, 
stlt:�lls. fossils and otiler evidences of the ever-changing, ever-faSCinating story 
written in the hills around liS. For beginning adults as well as for children. 
-$l.4U postpaid. 

Superb Examples of the 
Bookmaker's Art: 
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20. The Modern Gu nsmith-By James V. Howe. All who admire the � 
beauty of the modern sporting firearm may now revel to their heart's ") 
content in the collected lore of this fine arl. This work is in two vol· � 
l i mes, beautifully bound and printed on heavy coated stock 8 x 1 1  ") 
inches, totalling 848 pages, profusely illustrated. It is the most com- s,... 
plele work of its kind on the broad subject of gunsmithing which ') 
has come to our notice. Written for laymen who want to repair or � rebuild guns, or who admire them as works of the master craftsman's ") arl.-$20. postpaid. 

� 
2 1 .  The Standard Cyclopedia of Horticulture-By L. H. Bailey. The ") 
Bible and britannica of garden folk-amateur and professional alike. s,... This three volume set is recommended to botany students, commer- ') 
cial growers, and nature lovers. It is a monumental compilation of � detailed descriptions of 40,000 plants. It contains 4000 illustrations ") and is handsomely bound to stand hard usage for years.-$15. postpaid. � 

� 22. Wild Flowers-By Homer D. House. One of the most beautiful ") 
books of its kind we have ever seen, handsomely bound, 9 x 12 x � 
1 '12  inches, and containing 364 illustrations, nearly all of which ") 
are in full color and many of them fllll size. The geographical � range is the United States. A book to inspire a new respect for ") 

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  �

\1 01:�
N
.:.

t
:�

-���:
t
�

a:. 
_ _ _ _ _ _ _ _ _ _ _ _ _ _ _  � 

S C I E N T I F I C  A M E R I C A N  
2 4  W E S T  4 0  S T .  

N E W Y O R K ,  N .  Y .  

I enclose $ . for which please send me without delay the following books 

from your Chr istmas Ad: Numbers . . .  

Name . . . . . . . . . . . . . . . . . . . .  . 
Address . .  

� 
� 
� 
� 

� . .  � 
" ( If you prefer, we will  mail  g ift books to your friends, on your order, with Christmas cards.) � 
����������������������������") 



TO MEN WHO 

DON'T WANT TO WAIT :' YEARS 

FOR A ,10,000 SALARY 

THERE ARE a few ambitious men in every 

company who have decided that it is 1935 or 

never. They are sick and tired of being spoken of 

as "men with a future." Whether their goal is 

$5,000, $10,000 or $20,000 a year, they want this 
year to begin to realize some of their financial 

ambitions. 

These men feel equipped to contribute substan­

tially to their company's problems. They under­

stand their particular end 

of the business. They 

are of executive calibre. 

What type of men use the Institute? You have 

a right to know. Of the 400,000 men whose 

business progress has been speeded by the Institute, 

more than half are Members of Boards of Directors, 

Presidents and Business Heads, Vice-Presidents, 

Treasurers, Secretaries, Controllers, General Man­

agers or Professional Men. 

For example, among the Institute's subscribers 

are : the president of one of the largest tobacco 

companies, the chairman 

of the board of one of 

And they know there is a 

special need for sound, 

constructive thinking in 

every business today. 

What a Business Man 
Must Know Today 

America's biggest chain 

of newspapers, the chair­

man of the board of a 

leading food company, 

the president and general 

manager of one of the 

great motor car organi­

zations, the president of 

a famous soap-producing 

company, t o  mention 

only a few. 

What is holding them 

back ? 

In most cases, very lit­

t l e. U s u a l l y  n o t h i n g  

that they cannot acquire 

withamodestinvestment 

of effort. 

There is a practical 

formula that has been of 

great value in helping 

m e n  t a k e  o n  t h e  i n ­

creased responsibility of 

leadership. T h e  Alex­

ander Hamilton Institute 

offers it to you. Through 

i t s  fam o u s  C ou r s e  o f  

This helpful book i s  offered free to 

men who want to speed up their 

business progress. Over a million 

copies have been distributed. The 

coupon below will bring a copy to 

your desk. 

Men who don't want 

t o  wait t e n  years for 

success are invited to 

take the first step to­

ward a major executive 

position now. Send for 

"What a Business Man 

M u s t  K n o w  T o d a y." 

T h i s  is the t i t l e  o f  a 

recently prepared book 

that describes precisely 

how the Alexander Ham-

business reading, the In-

stitute will give you a 

sound perspective of all business. It brings you a 

working knowledge of banking and finance, of 

advertising and merchandising, of cost finding, 

and commercial law, and plant administration­

the kind of all-round knowledge that a man 

must have for outstanding success in times like 

these. 

Such an outstanding success is wi thin your reach 

because the Alexander Hamilton Institute has put 

it there. It has assembled the experience of the 

great leaders of modern commerce and made it 

available to you in convenient, compact form. 

Among these men are such outstanding names as: 

ALFRED P. SLOAN, Jr., General Motors; 

C. M. CHESTER, Jr., General Foods; DAVID 

SARNOFF, Radio Corporation of America; 

LEE H. BRISTOL, Bristol-Myers; M. H. AYLES· 

WORTH, National Broadcasting - plus many 

others equally famous. 

ilton Institute's formula works. 

If you are one of the men who are determined 

to get where they want to be this year, this book 

is for you. It comes without cost or obligation. 

The coupO:J. is for your convenience. 

Alexander Hamilton Institute 

825 Astor Place, New York. 

Send me "What a Business Man Must 

Know Today" FREE. 

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

PRINT HERE 

Business 

Address . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

Business 

Position . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Age . . . . . . . . . . . . 

ALE XAN D E R  HAM I LT O N  I N ST ITUTE 




