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In ONE way all these American war planes are alike 
* All American fighting planes have one important 

feature in common: their engines are designed for 
high-octane gasoline. That's the basic reason why 
they have more power than similar enemy planes. 
And because they have more power, they will- plane 

for plane-outfly and outfight our enemies'. 
We alone have all three things needed to produce 

high-octane gasoline-and plenty of it: one-vast 
resources of high quality crude oil; two-superior re-

fining processes, developed by America's petroleum 
industry; three-adequate production of anti-knock 
fluid to improve octane ratings of military gasolines. 

The makers of Ethyl brand of anti-knock fluid 
have geared their plants, laboratories and technical 
staffs to meet the oil industry's war needs. Until 
victory is won, our Army, Navy and Allies have first 
call on Ethyl fluid to make fighting fuels for planes, 

tanks, armored cars and other mechanized equipment. 
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THE reason why aluminum has become 
such a choke-point in the present-day 
scheme of things is put forth in detail 
in the article starting on page 232. Our 
cover photograph shows molten aluminum 
being poured into molds from a ladle 
which has been filled from an electrolytic 
cell. 
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50 Yea rs Ago In • 

(Condensed From Issues of May, 1892) 

RECLAMATION-"The business of securing waste rubber and 
recovering it obtained its impetus soon after the expiration of the 
Goodyear patents. Before that time the scrap, particularly that 
which was vulcanized, had been burned under the boilers or thrown 
away . ... Briefly described, the process of reclaiming old rubber 
boots and shoes is as follows: The boots and shoes are roughly 
torn to pieces. These go to a grinding mill with a very decided 
friction motion which l,'Tinds the product to a fine powder . . . .  
The black powder is next put in iron pans, run into a vulcanizer 
and exposed to live steam for a number of hours at a temperature 
varying from 4000 to 6000 F . . . . Taken out of the vnlcanizer, it 
may be put on a grinder, when it will readily form in sheets, and 
has very much the appearance of compounded stock that is un
vuleanized . . • •  There are few lines of goods in which recovered 
rubber cannot be used." 

PLOW-"The accompanying cut, which is from a photograph taken 
while the machine was in operation, represents the rear view of a 
steam plow designed and manufactured by an engineer who has 
had some IS years experience in steam cultivation and steam 
drainage in England, Germany, and Russia, and with every known 

system. The apparatus is doing some excellent work, and is not 
onl�' a working but a commercial success. As much as three acres 
per hour have been plowed in a most excellent manner, and the 
average of a day's work may be set down at flO acres, which is 
being done at a cost of 45 cents per acre." 

GUNS-"The largest of the modern high-powered guns, entirely of 
American manufacture, thus far completed, are the two Ifl-inch 
guns for the Monterey, the new monitor now nearly finished at San 
Francisco, and these pieces, as they were assembled at the 'Wash
ington gun factory, were believed by our very competent ordnance 
officials to be equal, if not superior, to the best guns of the same 
caliber made anywhere else in the world." 

PIGEONS-"Some important experiments have been recently made 
a.t Portsmouth relative to the use of carrier pigeons at sea. . . . 
On one occasion there was a thick fog on the other side of the 
channel; the pigeons set free circled for a few minutes around the 
boat. and then, getting their bearing, returned home." 

COMET-"Prof. Lewis Swift, of Warner Observatory, reports a 
dispatch dated San Francisco, quoting Prof. Barnard as saying 
that his recent observations of the new comet reveal a remarkable 
state of affairs. Spreading out from the head is a complicated 
s.,""tem of tails. At least a d07.en distinct branches can be counted." 

ELEPHANTS-"An elephant's digestive functions are very rapid. 
and the an imal. therefore. requires daily a large amount of fodder 
-600 pounds at least. In its wild state the elephant feeds heartily. 
but wastefully. It is careful in selecting the few forest trees which 
it likes for their bark or foliage. But it will tear down branches and 
leave half of them untouched. It will strip off the bark from other 
trees and throw away a large portion." 

MECHANICS-"A good mechanical eye is an almost essential 
requisite in a good mechanic . . . .  No one can ever attain distinction 
as a mechanic unless he is able to detect ordinary imperfections al 
sight, so that he can see if things are out of plumb, out of level. 
out of square, and out of proper shape, and unless he can also 
detect disproportioned or ill-shaped patterns. . . . A little training 
and care is all that is necessary for success." 

SA W-HCarnegie, Phipps & Co., who have the government con
tract for a portion of the armor plates of the new navy, are to 
add to the finishing plant of the armor department, a gigantic saw, 
weighing 1I0 tons. that will cut a nickel st.eel armor plate as an 
ordinary saw does a plank. . . .  The saw has a blade 7Y2 feet in 
diameter, geared from above and revolving horizontally. \Vith it an 
angular slab of cold nickel steel, weighing perhaps a dozen tons. 
is taken off like the slab of a pine log." 

HIGH-SPEED PHOTOGRAPHY-HIn a lecture on photographing 
bullets. delivered recently at the South Kensington Museum. 
Professor C. V. Boys explained his apparatus for the purpose. It 
consists of box lined with black cloth, in which the photographic' 
plate is exposed, of a condenser, and of a system of wire circuits 
and knobs to give the spark which throws the shadow of the 
bullet on the plate. and thus takes the photograph. The bullet 
enters and leaves the box by two holes, covered with paper to 
exclude the light, and in passing the plate the bullet touches the 
terminals of two wires, composed of thin lead wire, thus partl�
completing the circuit, causing a flash to pass between the knobs 
of the plate condenser inside the box, and this flash, lasting less 
than one millionth of a second, takes the photograph of the bullet. 
no lens being employed." 

LAND AND WATER-"It is estimated that the area of the dry 
land of the globe is 55,000,000 square miles and the area of the 
ocean 137,flOO,000 square miles. The volume of the dry land above 
the level of the sea is estimated at fl3,450,000 cubic miles and the 
volume of the waters of the ocean at 3fl3,SOO,000 cubic miles. The 
mean height of the land above the sea is fl,250 feet and the mean 
depth of the whole ocean is Ifl,4S0 feet. Of course the.e results are 
only approximate, but they help to render our ideas of these )"p"l
ters more definite." 

FREIGHT FERRY-"The bold idea of ferrying loaded freight 
cars across Lake J\1ichigan is soon to be put into practice. A large 
propeller is under construction at Toledo which will have a ca
pacity of fll cars, and it is expected to tow a barge carrying 15 
cars, making 36 cars, or more than an average freight train ." 

MASONRY DAM-"The largest masonry dam in the world has 
lately been completed in India, in connection with the new water 
works for the city of Bombay. It is situated 65 miles north from 
Bombay, and stretehes across the Tansa Valley. The dam is about 
two miles in length; llS feet high; 100 feet thick at its greatest 
depth; 151;'3 feet at the top." 
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Perso n a l i t ies 
• 

In 
In d ust ry 

RECENTLY elected president of the 
Society of Automotive Engineers, 

Mr. A. W. Herrington is the head of 
the Marmon-Herrington Company, 
mannfacturers of specialized automo
tive equipment for civilian and mili
tary services, and chairman of the 
board of the Merz Engineering Com
pany, a Marmon-Herrington subsidiary 
specializing in the manufacture of pre
CISIOn gages, instruments, and ma
chines . 

Mr. Herrington has an intimate 
acquaintance with military transport 
problems throughout the world, gained 
during World War I and since that 
time through frequent business trips 
to Enrope, North Africa, and the Near 
and Far East . A forceful character, 
a dynamic speaker, and an accom
plished organizer, it is his announced 
purpose, during the coming year, to 
use the influence of his position as 
head of the Society of Automotive 
Engineers to help synchronize the 
efforts of the entire industry into one 
great force for American defense and 
the successful prosecution of the battle 
against aggressor nations . 

Born in Coddenham, England, Mr. 
Herrington came to America at the 
age of five with his parents, Arthur 
and Mary Matilda Herrington. He WI!3 
married in Richmond, Virginia, in 1 924,  
to Nell Ray Clarke, a newspaper 
woman of Washington, D. C. Hc has 
one son, Arthur Clarke Herrington, 
now 10 . Mr. Herrington's primary 
schooling was received in :Madison, 
New Jersey, and his technical eduea
tion at Stevens Institute of Technol
ogy, Hoboken, New Jersey . His early 
automotive experience was gained with 
The Harley Davidson Motor Com
pany, where he rose to the position of 
assistant chief engineer. 

Mr. Herrington was in active service 
with the U. S. Army in the World War 
from October 1917 to September 1 919 .  
It  was during this period that he  be-

A. W. H E R R I N G T O N  

came impressed with the futility of 
conventional drive automobile equip
ment for off-the-highway military serv
ice and determined to do something 
about it .  Between 1921 and 1 93 1 ,  he 
was associated with several different 
motor car, trnck and bus eompanies, 
and with the U. S. Army and Marine 
Corps as eon suIting engineer. He is the 
designer of various military vehicles 
and is also the originator of the idea of 
converting standard mass-production 
trucks to all-wheel-drive. 

In March 1 931  Mr. Herrington be
eame associated with the late W::Jter 
Marmon, as vice-president and chief 
engineer of The �larmon-Herrington 
Company at Indianapolis, Indiana, in 
the design and manufacture of high
traction automotive vehicles of all 
,types, for the most difficult civilian 
services, such as in the oil fields, log
ging camps, and so on, and for military 
usage. In August 1 93 1  Mr. Herrington 
beeame president of the company, Mr. 
:Marmon becoming chairman of the 
board . 

As a result of his pre-war travels to 

far-away lands, )\'lr. Herrington's engi
neering ability is probably better 
known in such lands as Iran, Iraq, 
Australia, Africa, and China than here 
at home. His huge all-wheel-drive 
trucks are serving the oil industry in 
the jungles of South America, in the 
tractless desert wastes of Arabia, and 
in other remote regions. 

Familiarly known to his friends and 
associates as "Colonel," 1\lr . Herring
ton is a member of The Indianapolis 
Service Club, an organization of World 
\Var Veterans, and never fails to attend 
the weekly luncheon meetings when he 
is in town. His interests, aside from 
business, are: squash, lacrosse, yacht
ing, deep-sea fishing, hockey, and big
game hunting.  He is a member of the 
Episcopal Chureh, a 32m/ degree Ma
son, and a member of the 'Mystic 
Shrille. His clubs are the Indianapolis 
Athletic and Colu:",1bia Cbbs, the 
vVoodstock Country Club. and the Gib
SOil Island Club, Maryland. He is also 
a member of the Society of American 
Military Engineers and a Fellow of the 
American Geographical Society. 

MAY 1 942 • SCIENTIFIC AMERICAN 219 



KIMCG�V-35.000TO 5 f\t>OUT 744 F'EET OV�l.ll.ENCTH 
sru.o AOOUT30 KII0TS 

TIP-PIll. -UN(.E'-'TAIN TONNAGE 
APP�XIMATELY 817 HEr OVE�lllENGT� SPEED AP>OUT 30 K OTS 

O"T CAItOLINA -35. 000 10 S 
750 f[[T OV[AAlL LEHGTI-I 
sm:o- RATE.D AT 27 KNOlS 

PPWXIMAlE FI"E-
PO ERcrrnE H�W CAROllN 
21600 POUNDS 

AFT IS-INew GUNS 
IN TWO TU�"'E.T.s 

Ij 

I 
---- T I RP I TZ.- t I 8 �EEr----- I 

11 __ - - NORTH CAROLINA-lOS FEH- - __ L t I 
1-_- KING G£OR.GE V-I03 fE.ET- _-.J 

Drawn by Logan U. Reavis especially for Scientific American. Approved by U. S. Navy 

Battleship Types of Three World Powers 

T HE comparisons of the three heaviest existing capital 
�hip types of Englaud, Germany, and the United States, 
given in the above drawing, indicate that the performance 
of the ne\\'.Nol'th Carolina type may be awaited with confi
dence: in design, fire-power, and maneuverability it may, in 
some future encounter, justify the extraordinary care which 
has been exercised in its construction . 

Resembling its ilJ- fated sister ship, the BisTII.ark, it is 

probable that the Tirpitz is closer to a displacement of 
50,000 tons than to the 35,000-ton figure usually assigned 
to her. Although the Prince of Wales, sister ship of the 
King George V, was somewhat punished by the Bismarlc, 

and later sunk by .Japanese planes, it does not necessarily 
follow that this class is weaker than the Tirpitz under 
similar conditions. Theoretically the King George V has 
the advantage of later research. 

SCIENTIFIC AMERICAN • NIA Y 19'12 



98T H 
Y E A R  

M A Y 

1942 

DREADNOUGHTS OF THE U. S. NAVY 

A Two-Ocean Fleet is Our Nation's Ultimate Goal 

EVERYONE realizes that the bitter 
conflict between the United States 

and Japan, particularly in its early 
stages, will be fought largely at sea and 
in the air. There has been and will be 
hard fighting on land, but before Amer
ican and Japanese soldiers can come to 
grips on the battlefield they must first 
be embarked in transports and safely 
escorted by warships to the scene of 
operations. Seapower, from the very 
start, has played an even more decisive 
role in the Southwestern Pacific than it 
has thus far in European waters . 

For the past several years the United 
States Navy has been undergoing a 
rapid expansion toward its ultimate 
goal-a two-ocean fleet capable of re
pelling any likely combination of hos
tile powers in both the Atlantic and 
Pacific. This expansion continues at an 
ever-increasing pace, but now that war 
is actually here we must place our reli
ance in those ships which, fully manned 
by trained officers and men, are in every 
respect ready for active service . 'Var
ships in the blueprint stage or on the 
building ways never won a naval battle. 

Early in December last, 17 Ameri
can battleships, displacing 534,000 tons, 
were in commission, giving us the larg
est, though not the most up-to-date 
dreadnought force in the' world . Be
tween them these ships mounted 1 78 
heavy-caliber guns having a total 
broadside weight of �77 ,640 pounds.  
Five of our ships were armed with 
16-inch guns, eleven with 14-inch, and 
one with 1�-inch. Great Britain fol
lowed with 13 battleships and two 
battle cruisers; while Japan, third larg
est of the world's sea powers, had 12 
capital ships of some 385 ,000 tons and 
carrying II4 guns with a combiued 
broadside weight of 186,460 pounds .  
Four of Japan's ships were armed with 
16-inch guns and the remainder with 
14-inch. The Imperial Navy also pos
sessed three or four "pocket hattle
ships" displacing around 15,000 tons 

WALTON L ROBINSON 

and mounting six 12-inch guns each. 
Mere statistics, however, cannot give 

an accurate picture of the relative fight
ing value of the American and Japan
ese battle fleets, for they fail to take 
into consideration such important fac
tors as age, speed, armor protection, 
and hitting power of individual ships 

'N'ATIONAL 
DEFENSE 

• This thorough-going analysis of bat
tleships of the U n ited States N avy is 
the fi rst of a series of five artic:les. 
eac:h c:omplete in  itself. whic:h will give 
an  ac:c:urate over-al l  pic:ture of our 
naval strength in surfac:e ships and 
submarines. -The Editor. 

and the ability of each to operate in 
effective conjunction with the others. 
Our three oldest battleships are, for 
example, of very doubtful value, due 
primarily to their low speed and limited 
gun range, while several of Japan's are 
so scantily armored that a few hits 
from large caliber shells would cer
tainly put them in serious trouble .  

Our battleships range in size and age 
from the �6,100-ton Arkansas, com
pleted in 191�, to the giant 35 ,000-ton 
North Carolina and Washington, which 
passed into service last year. Fifteen 
new battleships are completing afloat, 
building on the slips, or authorized . 
Several may be ready by the end of this 
year. 

The Arlwnsas, our oldest and least 
valuable dreadnought, was built as a 
sister-ship to the Wyoming, which some 
years ago was demilitarized in accord
ance with the London Naval Treaty 
of 1 930 and converted into a training 
ship. The Arkansas carries a mam 
armament of twelve 1�-inch guns 
mounted m SIX turrets disposed along 
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her center-line. These guns, measuring 
50 feet from breech to muzzle, hurl an 
870-pound projectile at an initial veloc
ity of over one-half mile per second. 
Due to their very limited elevation 
( 15  degrees) . however, they have an 

effective range of only some 15 ,000 
yards. which is far below current re
quirements; and the Arkansa8, were 
she to encounter a modern cruiser, 
might well find herself unable to get 
within range of her harder-hitting guns 
while. at the same time, suffering nu
merous hits from the cruiser's lighter 
but longer-ranged weapons. 

The Arkansas' secondary or anti
torpedo armament consists of sixteen 
5-inch, 5 1-caliber guns . These guns , 
firing a 50-pound shell, are of fairly 
modern design and constitute the sec
ondary armament of all our battleships 
except the two newest. The anti-air
craft battery comprises eight 3-illcll 
and numerous smaller guns. The 3-inch 
gun is inadequate for today's needs 
and in most of our battleships has 
given way to the more effective 5-ineh. 
�5-ealiber weapon. 

ARMOR protection includes an II-inch 
main belt along the water-line, 

1�-inch plates on the faces of the big
gun turrets, a 1�-inch conning tower, 
and fairly thick decks over such vital 
spots as the engine and boiler rooms 
and shell and powder magazines. 

The Arkansas was designed to at
tain a speed of �0 .5 knots, but can now 
do no better than 19 knots. This re
duction was caused by the addition of 
anti-torpedo "blisters" when the ship 
was modernized some 15 years ago. 
Other alterations effected at this time 
included conversion to oil burning, 
stronger anti-aircraft defense, substitu
tion of a tripod mainmast for the old 
cage or basket mast. and improved 
plane-handling arrangements . Three 
aircraft and a catapult are now carried 
atop No. 3 turret. 

��l 
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The New York and Texas, launched 
in 1912 and completed two years later, 
are our next oldest battleships . They 
displace 27,000 tons and are armed 
with ten 14-inch guns mOllnted in five 
center-line turrets. These guns are 45 
calibers in length (that is, 52 feet, 6 
inches) , elevate to 15 degrees, and fire 
a BOO-pound projectile at a range of 
some 21 ,000 yards.  Their sec
ondary and anti-aircraft bat
teries are the same as those 
in the Arkansas. Armor pro
tection includes a 12-inch 
water-line belt, B-inch turret 
faces , thick decks, and a 1 2-
inch calming tower. Anti
torpedo blisters, fitted some 
years ago, have reduced their 
speed to about 19 knots . Three 
planes and a catapult are 
carried on the amidship turret. 

These ships are hard to 
handle and very poor sea 
boats in rough weather; they 
roll so hadly, in fact, that 
waves frequently ride the 
blisters into the .S-inch gun 
casemates . One of the most interesting 
features of their design is the reversion 
to reciprocating engines in place of the 
turbines which had been fitted in the 
Arkansas and other earlier ships . This 
was done to show American turbine 
builders, who had refused to adopt the 
standards laid down, that the Navy 
Department was determined to have 
turbines built to official specifications .  

The Arlwnsas, New Yorlc, and Texas 
are the "lame ducks" of our fleet and 
are no longer reckoned effective for 
war purposes . .Judged by modern 
standards they are now quite obsolete 
and of little value as "Iine-of-battle" 
ships. Their presence in a major en
gagement might well prove a liability 
rather than an asset to Ollr commander 
in chief, for their low speed and the 
limited range of their big guns would 
make it extremely difficult for them to 
operate with our faster and more pow
erful ships . Dcspite their deficiencies, 
however, these old battleships can still 
perform such secondary tasks as cscort
ing COlwoyS and attacking coastal ob
jectives. They are hopelessly outclassed 

by Germany's trio of modern 30-knot 
battleships: the 35,OOO-ton Tirpitz 
(eight 15-inch guns) and the 26 ,000-

ton Scharnhorst and Gneisenau (nine 
ll-inch guns) . 

The 29,OOO-ton Nevada, commis
sioned in 1 9ltl as a sister ship to the 
Oklahoma, which capsized in Pearl 
Harbor last December 7, carries the 

U S S  Texas. useful in convoy work 

same main armament as the Texas. 
Her l4-inch guns are differently ar
rayed, however, being grouped in two 
twin and two triple turrets with the 
former in the super-imposed positions. 
lYIoreover, they elevate to 30 degrees 
and have a range of some 30,000 yards.  
The Nevada's secondary and anti-air
craft batteries consist respectively of 
twelve .5-inch, 51-caliber and eight 
5-inch, 25-caliber guns, plus numerous 
smaller weapons . She also carries three 
planes and two catapults-one on No. 3 
turret and one on the quarter deck. 
Her secondary and anti-aircraft bat
teries and plane-handling arrangements 
are standard for all of our remaining 
battleships except the new North Car
olina and TV ashington. 

TIlE Nevada and her ill-fated sister
ship marked a new era in naval 

construction, being the first dread
noughts to embody the "everything or 
nothing" principle in the matter of 
protection. A 13Y2 inch belt, 400 feet 
long and 17% feet wide , protects the 
water-line, 16- to IS-inch plates cover 

All illu.tr�tion. Offici�1 U. S. N�vy Photogr�ph. 

the turret faces , 1 6  inches encase the 
conning tower, and 3-inch upper and 
'!-inch lower decks provide defense 
against aerial bombs and long-range 
plunging shellfire. All this protection, 
less the hori�wntal or deck armor, 
weighs nearly SOOO tons . 

The Nevada's designed specd of 20 .5 
knots, obtained by Parsons turbine en

gines developing 25,000 horse
power, was unaffected by the 
$7,000,000 modernization shc 
underwent some years ago. 
The addition of anti-torpedo 
blisters , however, has made 
her unwieldly at low speeds .  
She and the Oklahoma were 
the first American battleships 
to be fitted with all-oil-fired 
boilers . 

The Pennsylvania, launched 
in 19 15  and completed the 
following year, is a sister-ship 
of the Arizona. which sank in 
shallow water at Pearl Har-
bor. Displacing 33,100 tons, 
the Pennsylvania is simply an 
enlargement of the Nevada, 

which in appearance she greatly re
sembles . She has two more 14-inch 
guns, heavier armor protection, and a 
somewhat higher speed. The increase 
in the number of big guns was made 
possible by placing three of them in 
each of the four turrets. The water-line 
belt is 14 inches thick and two decks , a 
6cinch upper and a 3-inch lower, protect 
the ship's vitals . The speed of 21 knots 
is obtained by 32,000 horsepowcr tur
bine engines driving four screws . 

The Pennsyl1Jania is a splendid sea 
boat, offering a very steady gun plat
form, and has proved a most economical 
steamer. She has always bccn regarded 
as a fine ship and for many years 
served as flagship of the CINCUS 
(Commander in Chief, United States 

Fleet) . Some years ago both she and 
the Arizona underwent an extensivc 
reconstruction at a total cost of nearly 
$113,000,000. Among the altcrations ef
fected were the raising of the anti 
torpedo battery from the main to the 
upper deck, the strengthening of the 
anti-aircraft armament, substitution of 
tripod masts for the old cage type, 

USS Arkansas. o u r  oldest d r e a dnought USS Nevada m a rked a new e ra in naval construction 
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USS Idaho has b e en com pletely m odernized USS Maryland has not been m o dernized 

addition of blisters. and the improving 
of the internal sub-division. 

Between Januar�' and June, 1917, 
three fine ships, the New 1ll exieo. Idaho, 
and l11ississippi. were launched . As 
originally built they were slight im
provements on the Pennsylvania design, 
but a few years ago they were so com
pletely moderni7.ed that they may well 
be regarded almost as new ships . They 
are now the fastest and most stoutly 
protected of our older battleships and, 
everything considered, more formidable 
ships than the newer California and 
Tennessee and three Marylands, none 
of which has been modernized . Aver
aging just over 33,000 tons, the New 

\YestillghoLlse geared turbine engines. 
The New M exieo has four White
Forster boilers and the other ships six 
of the Bureau Express type. 

The California and Tennessee, 
launched III 191 9, are slight nn
provements over the original New 
111 exieo design . They were scheduled 
for modernization during 1940-41 , hut 
the Navy Department cancelled the 
work because of the threatening inter
national situation-just a case of keep
ing the powder dry . Displacing over 
32,000 tons, they have the same al'lna
ment and vertical protection as the 
New Nlexicos, but are not as stoutly 
armored against air attack, having 

USS North Carolina can just b arely squeeze thro ugh Pana m a  Canal locks 

l\1Iexicos carr�' twelve 14-inch guns , 
have a 14-inch main armor belt, I8-inch 
protection for the big-gun turrets, 
minute internal suh-division below the 
water-line, and two decks (6-inch 
uppcr and �-inch lower) over vital 
areas . Their I4-inch guns, of a more 
powerful model than in preceding ships, 
elcvate to 30 degrees and have a maxi
mum range of over 35,000 yards or 
some 20 miles. 

One of the most noteworthy fea
tures of these reconstructed ships is 
their relatively high speed of 22 to 23 
knots, obtained hy -H),OOO horsepower 

decks only 3% and 2% inches thick. 
These two ships are equipped with 

electric drive . Power for t.heir four 
alternating current motors, one to each 
propeller shaft, is generated by tur
bines-General Electric in the Califm'
nia and 'Vestinghouse in the Tennessee. 
Des igned speed is 21 knots, which was 
reached on trials. 

The 1l1aryland. Colorado. and West 
Virginia, launched i n  1920-21 and dis
placing from 31 ,500 to 3�!,500 tons . 
are almost identical to the California 
except for their main armaments of 
eight Hj-inch guns and a 2-inch in-
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crease in the thickness of their water
line belts . The 16-inch guns, 45 calibers 
in length, elevate to 30 degrees and 
hurl a 2 1 00-pound shell at a maximum 
range of over 33,000 yards. 

THE North Carolina and VVashington, 
launched in 1940 and costing nearly 

*70,000,000 each, are our newest and 
finest dreadnoughts . They are larger, 
faster, more powerfully armed, and 
more stoutly protected than any of 
our older ships and utterly different in 
general design and appearance . With 
their length of 750 feet, their beam of 
108 feet, and their draught of 36 feet 
they can just barely squeeze through 
the Panama Canal Jocks. Their de
signed speed of 28 knots is obtained 
by geared turbine engines. 

Their armament consists of nine 
16-inch guns mounted in three heavily 
armored turrets, plus powerful second
ary and anti-aircraft batteries. The 
Hi-inch guns, of a new and very power
ful model. have a range of about 40,000 
yards. Two catapults and several planes 
are carried on the quart.er-deck. These 
two ships are unique in having no 
portholes along the hull, ventilation 
and lighting being entirely artificial . 

Work on four additional units of the 
North Carolina class is now being 
pushed as rapidly as possible. Three of 
them, the South Dakota, lvI assachus
etts, and Indiana. begun in 1939, were 

launched last year and may be com
pleted in time to join the fleet the latter 
part of this year. The fourth ship , the 
Alabama, launched this past February, 
wiII not be ready before next year. 
These ships will constitute a powerful 
reinforcement to our fleet and give us a 
definite superiority over the Imperial 
Nav�'. Our main battle fleet, composed 
of the six North Carolinas and the 
eight units of the iVI aryland, California, 
and New Z\lI exico classes, should then 
be strong cnough to take the offensive . 
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We Need Mo re Phys i c i sts  

units as well . Now everybody thinks he 
knows the difference between a pro
fessor and an engineer. But when a 
physicist works with engineers in an 
industrial organization this question 
arises : What is the difference, if any, in 
their function, and on whieh kinds of 
work should one use the physieist and 
which the engineer? 

M i l ita ry Activ ity a n d  I ndustri a l  Req u i rements 

Have C reated an U n precedented Dema n d  The difference i n  them, b y  which we 
shall decide whieh label applies, il' 
that the physicist elected physics as 
his major study, usually in a liberal 
arts college, whereas the engineer 
studied one of the recognized speeialties. 
such as electrical engineering, in an 
engineering college . Another difference 
is that most physicists have continued 
university work beyond the bachelor's 
degree, gaining thereby some training 
in independent. original research meth
ods. On the other hand, it is much 
more usual for the engineer to leave the 
university on graduation from a four
year course and to go at once into in
dustrial employment. 

E .  U .  C O N D O N ,  P h . D  
Associ a te Di rector, Westi n g h ouse 

Resea rch La bo rato ries ,  East 
Pitts b u rg h ,  Pen nsylva n i a  

E VERYONE has heard of the science 
of physics, embracing our funda

mental knowledge of the forms of en
ergy-mechanics, acoustics, electricity, 
magnetism, heat, and radiation. And 
everyone realizes that the science is 
basic to every phase of our industrial 
activity. But how many of us know a 
physicist or have any conception of 
what he does ? 

The word "physicist" was seldom 
seen in newspapers until recently, Now 
these same news sources tell of a dras
tic shortage of professionally compe
tent physicists , which shortage is lead
ing to all sorts of emergency rush 
training programs. Asked by the editor 
of Scientific American to explain in 
what way physicists are essential to the 
war, I had, of course, to reply that this 
could be done only in the most general 
terms, since specific details of sueh war 
work are in the secret classification. 

He replied that even so he felt that 
many people are quite uneertain about 
the distinction between physieist and 
engineer; that it ought to be possible 
to discuss their work in a way which 
would l::eIp the general understanding 
and especially would aid students in 
their choice of a career. 

Until quite recently, the opportuni
ties for physicists as such were almost 
entirely confined to eollege and univer
sity teaching. In the better universities 
this offers an attractive career, for 
with the work of teaching it combines 
facilities and a favorable environment 
in which to carry out research-to ad
venture in the nnknown frontiers of 
knowledge with a genial band of like
minded explorers, 

However, in the lesser colleges and 
universities the picture is not so attrac
t ive .  In them the libraries and labora
tories are usually inadequate for truly 
fundamental research, and the axrange
ments are sueh that the professor has 
so mueh teaehing to do that he has very 
little energy left for original investiga
tion. 

In any case, the total number of posi
tions available in university teaehing is 
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Dr. Condon 

not great enough to support a very 
large number of physieists. Fewer than 
3000 physicists find employment in this 
way in the entire United States . 

In recent years, however, a rapidly 
increasing number of physicists have 
found employment in industry, first and 
still mostly, in research laboratories, 
but also ill engineering and production 

This difference in training manifests 
itself in a difference in approach to II 
given problem which is approximately 
described by saying that the engineer 
is a conservative and the physicist a 
radical about new scientific develop
ments . The engineer works best on the 
careful economic development of some 
applied science project whose general 
practicability has already been demon
strated. The physicist works best when 
trying to understand some newly
observed phenomenon that nobody as 
yet understands at all, or when trying 
some totally untried combination of 
ideas to get a new device of which 

Some basic: research m ust continue despite the war, for when peace comes 
we will have vast amounts of excess materials and the public demand for 
luxury items, long held in abeyance by m i l itary production, will come back 
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nobody is sure that it will be practical 
or even if it will work. 

To any SUC!l broad generalization 
there are, of course, plenty of excep
tions. Naturally, there are mall�· scien
tifically radical engineers, just as t here 
are some mighty conservative physi
cists. Here we are not trying to place a 
higher valuation on one type rather 
than the other : obviously both types 
are needed. As in other fields of en
deavor, it must be noted that the con
servatives and radicals often have 
difficulty understanding each other's 
view-point, even to the point of being 
sometimes mistrustful of each other. 

But, anyway, it works out like this : 
The physicists are always busy looking 
into things in the physical world with
out much regard to their utility .  In 
this way they are always aware of a 
lot of interesting phenomena which 
have not yet found, and may never 
find, any practical application, and 
they are trained in the art of digging 
up more such phenomena. The engineer, 
on the other hand, is busy with making 
important improvements and better 
application work in fields already estab
lished . Hence if a radically new device, 
or a radically new solution to an old 
problem, is needed, it is better to put 
a team of physicists on the job than 
a team of engineers. If nothing of the 
kind proposed has ever been done be
fore, you are more likely to get it 
done (if it .can be done at all) by 
physicists than by engineers. 

THE device you get from the physi-
cists as a rule will not be very well 

designed either for reliability of opera
tion or simplicity of manufacture. When 
the engineer sees it , he is apt to sniff 
contemptuously unless he is an un
usually broad-minded fellow. But he 
should not b� too intolerant, for the 
chances are, if it is a really new device, 
that he does not know the new prin
ciples which it utilizes or at least is not 
familiar enough with them to have 
thought of applying them. After the 
physicist has made such a laboratory 
model, it is up to the engineer to make 
an engineering design, in the course of 
which many detailed improvements 
will be made, before the device can be 
put into production. 

With this picture in mind it ought to 
be clear why physicists are so very 
valuable in preparations for modern 
mechanized war. The Services want de
vices for locating enemy planes or sub
marines, or for exploding bombs under 
special circumstances, or for protedion 
against magnetic mines, or for fire 
control purposes, and so on. If it is a 
device of a general kind which they 
already have, they call get improve
ments and production designs by turn-

We will  kno w  more about metals after the war is  over;  research m e tal
l u r g is ts are working as never before in their search for m etal substitutes 

ing the job oYer to a team of engineers . 
But if it is a device that is com
pletely unknown-simply an idea for a 
device which would be tactically val
uable if it worked-then a team of 
physicists is called for as being most 
likely to produce the device . . .  if it 
can be done. 

Our research preparedness activity 
on a large scale reall�· dates from J\lay, 
1940 ,  with the appointment of the Na
tional Defense Research Committee. 
By early autumn of 1 940 the NDRC 
had decided on its main plan of ac
tion . Soon the best physicists of the 
country were organized into . special 
teams and put to work applying the 
latest discoveries of the pure science 
lahoratories to thc solution of problems 

presented by modern warfare . It is 
fortunate indeed that the work was 
started this early--or rather most un
fortunate that it was not started still 
earlier-since any new development of 
major importance calls for a tremen
dous amount of effort even before it is 
ready to be "engineered." Nevertheless. 
it can be said that several devices of 
great importance which have resulted 
from these efforts are already in pro
duction and many more may be ex
pected soon. 

Naturally, this "conversion" of the 
physicists has not been accomplished 
without completely upsetting their 
"business as usual ."  Up until recently 
their main concern had been the study 
of the great new field of atom-smashing 
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or nuclear physics . Even a year ago 
nearly all of this fundamental research 
had come to a stop because of thc de
mand for trained physi :ists to do war 
work. For example, our largc foUl'
million volt generator at the West
inghouse Research Laboratories has 
been shut down for months-not be
cause this field of science is thoroughly 
explored or less significant, but simply 
because of the importance of the war 
job. The only cyclotrons operating' 
now are those that are heing Ilsed to 
prepare artificial radio-active materials 
for medical research . 

I first discovered Scientific American 
when I was about 14 year, old , . and 
reading it greatly influenced me in 
getting a clear notion that  I wanted to 
do research in science . Knm\'illg that 
this magazine must be playing a similar 
part in the lives of boys today, I would 
like to close with a little advice to them. 

Industry and science are being linked 
together by this war more closely than 
ever before . During the present war 
new advances ill applied physics are 
being made which have brought about 
an nrgent demand for young men with 
sound scientific training. Any boy who 
has a real aptitude for scientific studies 
cannot serve his country better than 
by devoting his best efforts to learning 

D E LAY E D  J U M P  

• • 

Of Strip to M a g net 

Demonstrates Atomic Change 

A STg��L strip that, when placed under 
a powerful magnet, waits about a min
ute and a half before it jumps toward 
it, is the demonstration used by Dr. 
Herbert H. Uhlig, of the General Elec
tric Research Laboratory, to show a 
delayed change in the strip's atomic 
arrangement . Exact knowledge of the 
nature of such changes i s  important in 
making magnetic materials for trans
formers and other electric equipment. 

The strip used in the demonstration 
is a common type of stainless steel con
taining 18 percent chromium , 8 percent 
nickel, and the rest iron. This metal , 
known as 1 8-8, is not ordinarily at
tracted by a magnet, because it usually 
contains a little nitrogen . The nitrogen 
seems to cause friction within the metal, 
which prevents the atoms from re
arranging themselves to the phase in 
which a magnet causes attraction . 

If, however, the same type of stain
less steel is made nitrogen-free, it takes 
on other properties: the demonstration 
strip is a piece of such nitrogen-free 
metal . When the strip is healed to 11 

as thoroughly as he ean and as quickly 
as he can and as much as he can 
about mathematics, physics , and chem
istry . He should not scorn the "theoreti
cal" fundamentals for hastily-gained 
superficial "practical" knowledge. 

It is a great misfortune tha t many 
of the administrative officers of our 
public high schools have failed to 
appreciate the importance of sound 
training in fundam�ntal mathematics 
and science. The quality of mathemat
ical instruction in the high schools has 
sagged steadily in the past 20 years to 
such an extent that even the boy who 
gets an " A "  grade in mathematics has 
a poor foundation on which to build 
his future work in science. Ko doubt 
the war will soon focus attention on 
this .orry state of affairs and reforms 
may rcsult, but, in the meantime, .  boys 
who really want to help in this war 
should set themselves higher stand
ards of mathematical attainment than 
most teachers demand. 

Kot only can the boy who has a real 
aptitude for science find a great oppor
tunity to serve in the war, but with the 
steady advance in science-mindedness 
in all industry, it is safe to assume 
that the opportunities for scientifie re
search in post-war industry will be 
much greater than ever before. 

• 

temperature of n oo degrees , Fahren
heit, it again loses its magnetic prop
erty . This property does nol return 
until the strip is cooled down to the 
boiling point of water. Dr. Uhlig, how
ever, found that if the heated strip is 
suddenly cooled by quenching in ordi
nary tap water, and then placed under 
a magnet, it is not attracted, even 
though it is cooler than the temperature 
at which the change in the magnetic 
property of the metal should occur. 

After about a minute and a half, 

Time needed for ato m i c  rearran g e 
ment i s  d e m o ns trated magnetical ly  

however, it suddenly jumps to the 
magnet . Dr. Uhlig says that the atoms 
start rearranging themselves as soon as 
it is cooled, but it takes this time before 
a majority are shifted and at least a 
day before all reach a state of equi
librium . 

The change is one in the crystalline 
structure of the metal . At the high 
temperatures, when non-magnetic, it 
has the face-eentered arrangement , 
with the atoms forming cubes piled 
like bricks. The low-temperature mag
netic phase has them in the body
centered arrangement, with cubes in
terlocking, so an atom in the center of 
one forms the corner of adjacent cubes. 

"From these experiments," said Dr. 
Uhlig, "we hope to learn more about 
the heat treatment of steels and the 
preparation of alloys with better me
chanical properties and corrosion re
sistance." 

EYES 
Are M ost Sensitive 

Light Recorders 

P ROOF that the eye is one of the most 
sen sitive of all devices for recording 
light-far more sensitive than the best 
photographic emulsion or any other 
physical apparatus-was presented re
cently by Dr. Selig Hecht in reporting 
the first experiments to measure pre
cisely the smallest amount of light 
which the eye will record . 

According to Dr. Hecht, professor of 
biophysics at Columbia University, 
from five to fourteen quanta (a  quan
tum is the smallest, basic,  and indivis
ible unit of radiation, including light) 
will make an impression 011 the retina 
of the eye, thus leaving only a scant 
four smaller amounts of light which 
the eye is incapable of perceiving. He 
reported that for half a dozen observ
ers ,  over a period of several months, 
the minimum energy necessary for vi
sion was observed to be between 2 .2 
and 5 . 7  ten-billionths of an erg. This 
amount, he said, represents between 
58 and 148  quanta of light emitted 
from the apparatus. 

Most of this light is lost, however, 
through reflection by t he cornea (outer 
shell) of the eye, absorption in the lens 
and other parts of the eye, and pas
sage through the retina without ab
sorption, Dr. Hecht pointed out. Snb
tracting this lost l ight, the amount 
actually absorbed by the retina is five 
to 'fourteen quanta, he said, adding 
that since each quantum reacts with 
only a single molecule of the receiving 
substance of the retina, as few as five 
molecule changes would produce light 
impression . 
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H ave You Hete roph o r i a ? 

Eye Exercises U sing New Light-Polari z i n g  Vecto
g raphs Can I mprove Depth Perception 

E V E R E T T  W H I T E  M E LS O N  

D O:</'T be shockcd if an optical test 
reveals some day tha1' you have 

heterophoria. According to some of our 
best eye authorities, this condition ex
ists in about 80 percent of the eyes ex
amined. Ordinarily, a mild contraction 
of the muscles that move the eyeball 
always exists . This is because the brain 
is attempting to fuse the images from 
each eye. It sends nervous impulses 
to the muscles to persuade them to pull 
a little more here or a little more there 
until the images appear on correspond
ing areas of each retina. 

If there is a lack of balance in these 
eye muscles, one eye, or both, may be 
deviated so that the images appearing 
on the retinas cannot be fused and the 
binocular function of the eyes is lost. 
This function is most valuable, since 
it gives us depth perception, enables i]s 
to estimate distances, and provides us 
with contrasts and comparisons. 

Heterophoria means that, due to 
some form of deviation of the eyes
one turning inward, outward, upward 
or downward-we cannot secure this 
binocular vision . We have to depend 
upon one image from one eye and thus 
lose the ability to judge distance and 
depth. Frequently this deviation is so 
obvious that anyone can see it, as in 
cross-eyes . More often, however, it is 
not apparent to an unskilled observer 
and the one who has it may be totally 
u�conscious of it. In many cases there 
is no pain or discomfort. In other cases 
it is quite distressing, particularly in 
close work. One of its worst features 
is that it may drift into such conditions 
as amblyopia exanopsia, in which the 
vision of one eye dims from lack of use. 
This particular condition is generally 
agreed to be acquired and not congeni
tal , and it can be cured . 

If you have ever observed a baby's 
eyes you may have noted that many of 
their movements are not coordinated . 
He uses them independently, largely be
cause the brain has not been trained 
by experience to evaluate objects and 
to demand a fused image. He will reach 
for a bottle or a rattle and miss it by 

S p e ci a l l y p r e p a red for S c i e n ti f i c  A m e ri c a n  by 
M r . M e l s o n .  of Ba u s c h  & L o m b  Opti c a l  C o m p a n y .  

several inches . When the brain begins  
to demand I t  fused image, one group 
of muscles becomes active in aligning 
the eyes for coordinate work while an
other set shapes the lenses to focus the 
objects. These acts of convergence and 
accommodation are to a great extent 
acquired faculties. That they are ac
quired faculties, subject in a large 
measure to voluntary control, is evi
denced by the fact that most people 
can converge or rotate the eyes at will . 

It is not enough that images shall 
be formed on corresponding areas of 

Exerc ising at leisure 

the retinas . They must be symmetri
cally distributed around the fovea, a 
tiny depression in the center of the 
macula. The fovea and the mar-nla 
have a great number of little cones , or 
photo receptors, which are extremely 
sensitive to both detail and color . Fur
ther, the two images must be sim ilar 
in size, shape, and alignment in order 
to be capable of fusion . Since the two 
images are formed at a slightly differ
ent angle, due to the spacing of the 
eyes, they are slightly different-just 
enough different, in fact, to create the 
sense of depth when they are super
imposed .  If they are not similar in 
size, shape, or location, a double image 
will result and the brain will be forced 
to suppress one image in order to see 
the other clearly . 

To orientate both eyes for the pro
duction of images on the macular areas, 
the six muscles that move the eye in 
its orbit must act in  concert .  some 
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contracting and others relaxing. These 
are known as conjugate movements be
cause these muscles are linked together 
by the nervous system. Likewise, the 
ciliary muscles , which are responsible 
for accommodation, are busy increasing 
or lowering the convexity of the lens 
so that objects can be sharply focused 
at varying distances. 

Defects in the refractive system of 
the eye can be corrected by proper 
glasses, and imbalances in the muscles 
that move the eye are frequently cor
rected by the introduction of prisms 
to offset the deviation, but since the 
action of these muscles is subject to 
voluntary control, it is possible to pro
vide them with a system of calisthenics 
to improve their coordination, thus im
proving the overlap in the retinal im
ages and resulting in better depth per
ception. 

IT has been said that in some ways it 
- is better to have one blind eye than 
two eyes in one of which vision is 
temporarily suspended, as is frequently 
the case in a deviation of one eye. The 
one-eyed person has two possible errors 
eliminated automatically-affections of 
symmetrical movement of the eyes, and 
image differences. On the other hand, 
his sense of perspective can be only 
moderate since he must rely on the one 
good eye . Some people, however, who 
have suffered the loss of vision in one 
eye at an early age have developed bet
ter judgment than their fellows who 
have defective binocular fusion, because 
the latter can be very dangerous in 
many occupations. 

In nearly all eases of faulty fusion 
faculty there will be either a tendency 
to suppress the more disturbing image 
of the two-resulting in a dimunition 
of vision-or to cultivate a squint in 
an effort to shift the more disturbing 
image out of view . The latter may be 
unsightly, but at least the obvious de
fect may lead to early corrective efforts-. 

Usually , in cases of heterophoria,  
whether in children or adults, the pa
tient complains of difficulty in close 
work as the chief symptom. If all re
fractive errors - irregularities in the 
transparent media of the eye-are cor
rected, a vast improvement can often 
be effected by proper exercises . 

Occasionally, psychological cases are 
discovered, such as the onc of a clerk, 
30 years of age, doing closc work and 
suffering from eyestrain, who was given 
a series of exercises to correct devia
tion. He obtained a full range of fusion 
but his symptoms wcre no better. The 
fact was elicited that he hated his job 
and wanter! to be an engineer but 
lacked the initiatiye to set about it. In 
this case, cnre of the condition did not 
produce disappearance of the symp-
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Left: H ow a vectograph tra n s parency looks to t h e  unaided eye and,  right, when objects a re fused 

toms ,  as might have been expected . 
In another case, a woman lawyer, 

aged 28, complained of eyestrain when 
reading or driving a car . She refused 
to be bothered with exercises and was 
not seen again for ten years , when she 
reported no symptoms whatever. Ex
amination showed that several diopters 
of deviation outward still existed , with 
no voluntary convergence . In the mean
time, however, the woman had married 
and had children. She was no longer 
worried and said she could read and 
drive with comfort. This is a case in 
which the symptoms disappeared with 
the patient's greater sense of security 
and life fulfillment, although the con
dition remained unchanged . These cases 
are in the minority, however, and most 
of those who realize their deficiency are 
willing to make the necessary effort to 
improve their sight . 

The branch of optical science which 
specializes in developing the coordi
nation of the visual apparatus in mus
cular deficiencies is known as orthoptics . 
It involves the use of a number of 
training instruments , lenses, prisms, and 
sometimes light therapy. In general, 
the patient is required to visit the doc
tor's office to bike the treatments, since 
many of the instruments are large and 
complex and the exercises must be su
pervised and progress measured.  

IN the effort to provide a method of 
home training, under the doctor's 

supen'ision, a new device has recently 
been introduced by the Bausch & Lomb 
Optical Company which utilizes a care
fully graded set of photographs which 
are viewed through polaroid lenses to 
train the eyes and exer'cise the muscles 
both in convergence and accommoda
tion. 

This device, known as an ortho-fusor, 
consists of a group of pictures made 
by the yectograph process of Edwin H.  
Land . It permits two complete and 
distinct pictures to occupy the same 
place at the same time, without dis
tortion of tone, loss of detaiL 01' inter
ference with each other. To the naked 
eye these pictures appeal' flat and 
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fuzzy, but they are transformed into 
lifelike reproductions when viewed with 
polaroid glasses . As thin as paper, the 
pictures appear as deep as the original 
scenes themselves . 

In conventional photography,  pic
tures are rendered in terms of the 
density of distribution of the tiny silver 
particles in the emulsion. In the new 
process used in the ortho-fusor system, 
they are rendered in terms of variation 
in the polarizing characteristics of the 
transparent sheets on which the pic
tures are printed. 

THE two views necessary for recreat
ing the sense of depth are taken 

with a camera equipped with two lenses 
as far apart as the eyes . The pictures 
are taken on regular film and developed 
in the ordinary way. It is in the process 
of making reliefs or transfer films from 
these negatives that the introduction of 
two pictures in the same film is worked 
out. 

The two pictures are first made into 
relief images, in which the picture ex
ists as variations in thickness of a 
gelatine surface, thicker for dark parts 
of the picture, thinner for light parts. 
This relief film is used as a sponge to 
apply a chemical reagent to the final 
vectograph film. 

This film has an invisible optical 
grain which runs in different direc
tions on the two sides, as in a piece of 
plywood. When the relief films, soaked 
with reagent, are pressed against the 
vectograph film surfaces, the reagent 
combines with the vectograph film to 
form light-polarizing images; completely 
polarizing where the picture is to be 
dark and only slightly polarizing where 
the picture is to be light. 

In the finished vectograph, two im
ages are superposed,  one on each side 
of the film. The picture thus appears 
blurred to the naked eye. The polaroid 
viewing glasses have the optical grain 
of each lens set in such a way that each 
develops the full contrast of one of the 
two images and makes the other invisi
ble . Eaeh eye sees the pieture intended 
for it, as in normal vision. 

The pictures comprise a variety of 
scenes . Boulder Dam, with its abut
ments , spillways, and generating sta
tion, makes a good subject. Others are 
an Indian squaw weaving a rug; a girl 
picking flowers; a famous Canadian ea
thedral . Around the borders of these 
pictures, cubes and other objects are 
arranged so that the eye follows them 
in a complete rotation while the head 
is held in a fixed position. Some of 
these objects are easily fused, others 
wi th greater difficulty . 

The ortho-fusor is, of course, no sub
stitute for glasses since the refractive 
media of the eye, such as the cornea 
and crystalline lens; must be corrected . 
With any necessary optical corrections 
made, exercises to improve the co
ordination of the extrinsic Jlluscles
those that move the eye in its socket
may be undertaken under the advice of 
an oculist or optometrist .  The small 
ortho-fusor kit, which contaim the 
vectographs required for such exercises . 
may be carried in the pocket and Ilsed 
whenever a spare moment is avai lable . 
Thus the heterophoria sufferer may 
take his exercise frequently and at COIl
venient times, hastening full return of 
true binocular vision and all its desi l'
able features . 

• • • 

S U L FAN I LAM I D E  

Why the New Drug is 

" U nfair to Bacteria" 

NEW research confirming carlier evi
dence that sulfanilamide attacks bac
teria by literally starving the germs 
may provide a hopeful method of mak
ing drugs to order for specified germs. 

Until recently, pharmacologists, the 
scientists who develop new drugs , have 
worked mainly on a hit-or-miss basis . 
Ehrlich, for example, tried 606 times 
before he hit on salvarsan, the specific 
drug for the organism of syphilis . 

The new research is reported in The 
Lan cet . British medical journal , by Dr. 
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Sydney D. Rubbo and Dr. J. M. Gilles
pie, of the University of Melbourne, 
Australia. They found that p-amino
benzoic acid is needed by a certain type 
of bacteria for growth. This acid is 
similar in its chemical structure to sul
fanilamide. When the sulfanilamide is 
present, the bacteria are tricked into 
using it instead of the necessary acid. 
Since sulfanilamide does not promote 
growth , despite the similarity in chemi
cal structure to the acid, the bacteria 
cannot develop. 

However, only one part by weight of 
the acid will offset the growth inhibit
ory qualities of 26 ,000 parts of the 
sulfanilamide. This is a possible ex
planation of why such large amounts 
of the drug are needed in treatment of 
bacterial infections. 

ANTI BO D I ES 

Just How Do They Perform Their 

H a lf-M ysterious Work? 

T HE possibility of made-to-order or 
custom-built substances synthesized 
premeditatedly to curb definite germs, 
recently has become more prominent 
as a result of studies by Dr. Linus 
Pauling of the California Institute of 
Technology. 

He has been concerned with natural 
types of protective and life-saving 
substances found in the bod�·-the so
called antibodies . When a person is 
attacked by typhoid or diphtheria 
germs, to choose two familiar eases , it 
is the chemical products of these in
vaders which cause the disease symp
toms. The body fights these injurious 
substances, which are of albumin or 
protein character, by preparing special 
proteins of its own to destroy the 
foreign ones. 

The amazing thing about the anti
bodies is their specific action. They 
are essentially the same proteins nor
mally present in the blood-the chem
ist has not yet been able to show any 
difference between them. Yet these 
antibody proteins in the blood of a 
diphtheria or typhoid patient have a 
tremendous ability to destroy poisons 
which the almost identical normal 
blood proteins totally lack. 

Dr. Pauling has developed prelim
inary tests in an attempt to do what 
has never been done before--synthe
size disease-curbing antibodies in the 
laboratory. The work is based on the 
scientist's important studies of protein 
structure . 

Proteins are made up of huge mole
cules many tens of thousands of times 
heavier than hydrogen. The atoms 
composing these molecules are ar
ranged roughly as a long chain with 

numerous short side branches, and the 
whole chain is eoiled up on itself to 
form a compact, ultramicroscopic, 
roundish mass . Dr. Pauling believes 
that the differences between various 
antibodie� and the blood proteins with 
which they are so nearly identical, is 
only in the way the chain has become 
folded on itself. 

The California researcher uncoiled 
the moleeules of a selected blood pro
tein by using known substances that 
would do the job. Then to the solution 
he added another chemical . The 
straightened-out protein chains gradu
ally folded up again, but this time 
the�' folded in a particular way, using 
the molecules of the newly

' 
added ma

terial as molds about which to coil . 
According to Dr. Pauling, this process 
resembles what happens when normal 
body proteins are formed in blood 
contaminated by the molecules of 
diphtheria-germ poisons. 

The specific action of antibodies 
may be the result of blood protein 
molecules which mold themselves to 
various disease poisons and neutralize 
the harmful effeels. That tremendouslv 
powerful antibodies will be produced 
in the laboratory and a host of dis
eases put to rout, seems a reasonable 
expectation from this particular piece 
of research. 

STU TTERI N G  

I t  Starts With 0 Linkage 

S TUllY of 15 child stutterers show a 
neurotic family background in the ma
jority of the cases, Dr. J.  Louise Des
pert, of the New York Hospital and 
Cornell University Medical College, re
ports, according to Science Service. 
Nervous mothers who are always worry
ing about whether the baby or small 
child eats enough are likely to have 
nervous children who stutter. These 
stuttering children frequently have 
other neurotic traits . 

"This is of considerable importance," 
Dr. Despert stated, "if one considers 
that the White House Conference of 
1 930 gave 1 ,300,000 as the number of 
stutterers in the United States and 
also that the majority of these cases 
are being treated by means of speech 
techniques which involve only the 
speaking organs and functions . "  

The stuttering results , Dr .  Despert 
believes. from neurotic attention being 
focused on the mouth. usuall�' with re
gard to the feeding situation in early 
years of life . 

Children learn to talk at about the 
same time the�,. learn to eat solid food 
and to feed themselves . They use the 
same structures to take in food and to 
form and pour out words. If their 
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mother frightens them while they are 
trying to take in food, they are likely 
to be frightened also when trying to 
form and pour out words, and in con
sequence the�' may stutter and have 
difficulty in talking. The children 
themselves sometimes give the clue to 
this when they tell of their difficulty in 
attempting to bring out their newly 
formed words. 

Treatment of these children con
sisted of general psychiatric treatment, 
with chewing-speaking games for the 
younger children or chewing-speaking 
exercises for the older children, in a 
few cases. 

HOW TO RELAX 

Doctors Advise Other 

Doctors Who Can't S leep 

T HE following is from an editorial 
recently published in The Journal of 
the American i1fedical Association. 

Cut down on the intensity of your 
thinking half an hour before retiring. 
(Play Chinese checkers, plan an excur
sion for the week end, write a letter to 
a friend. )  

Take plenty of time to get ready for 
bed (next morning's clothes, leisurely 
bath, and so on) . 

If you like to read in bed, choose 
nonfiction or a "hard " book. Force your 
mind to grapple with cumbersome facts, 
bore it into unC'onditional surrender to 
sleep. 

Transplant your mind from fear� or 
hates to a field which has interest with
out excitement . 

Make your mind hop from one idea 
to another. Just as the mind loses con
sciousness and sleep comes, thoughts 
become disjointed and scattered. 

To quiet the body, get rid of any 
pressure or pain. (Lighten weight of 
covers, clothes.) 

Tepid bath without a rubdown. (Get 
into bed a little damp and chilly. As 
the body becomes warmed, it becomes 
more and more comfortable .  If during 
the night one becomes sleepless, thro,,' 
back covers until body beeomes un
comfortably chilly. Then, when the 
covers are pulled up again, the body 
once more sinks in to coziness . )  

Imitate the slow, deep, rhythmical 
breathing of sleep. (Helps regulate the 
circulation and may ease the mind and 
emotions; also tensions in the ab
domen.) 

Relax the muscles completely . 
Get rested before trying to sleep. 

(Get into bed an hour or more before 
your regular time for retiring. Do so 
night after night to build up a reserve 
of rest and fall asleep without the old 
struggle.) 
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Ast rono-Mex i co 

N o rth  America n Astronomers Ass ist at Ope n i n g  

of Mexico's New N a t i o n a l  Observatory 

H E N R Y N O R R I S  R U S S E L L ,  P h . D .  
aT  

Astro n o (n y  5 :J d  Di rect o r  of t h e  O bse rva 
Resea r�h Asso c i a te of t h e  M o u nt 

C a r n e g i e  l n st i tut i o n  of W a s h i n gton 

S Ol\IE time before the entrallce of 
the United States into the War, 

the lYlexican GoY(�rnlllent planned an 
Inter-American Congress on Astro
physics, to celebrate the inauguration 
of the Xational Astrophysical Observa
tory at Tonanzintla ,  and invited many 
astronomers and a few physicists and 
mathematicians from the United States 
and Canada to attend it. These lines 
are written on the rctmn journey from 
one of the most conspicuously success
ful scientific meetings which the writer 
has ever attended , and all account of 
the new Observatory, of the general 
circumstances of the Congress, and of 
some of the papers which were pre
sented, is very much in order. 

The �lexican Kational Observatory 
at Tacubaya, founded more than 50 
years ago, has long been known for its 
valuable contributions to positional 
astronomy, and especially for its work 
on a :wne of the Astrographic Cata
logue. Situated on a low hill but a few 
miles from the center of the City of 
lYlexico, it has shared the fate of 
Greenwich, Paris,  and other national 
observatories . The city, growing into 
a metropolis of more than a million 
people, has almost surrounded it, and 
its smoke and lights interfere with cer
tain types of observation . A new na
tional observatory has therefore been 
established at a site free from present, 
and probable future, disturbance of 
this sort . It is on a little hill overlook
ing the village of Tonanzintla, in the 
State of Puebla, about 50 miles south
east of the City of :Vlexico and ten 
miles west of the city of Puebla. For 
miles around stretches a nearly level, 
cultivated plain, some 7000 feet above 
the sea. Twenty miles to the westward 
the flawless, snow-crowned cone of 
Popocatepetl rises 10 ,000 feet above 
the plain and to the right is the older, 
rugged ridge of Ixtaccihuatl, almost as 
high, and snowier. 

The writer has for years kept a rec
ord in memory of the amenities of ob
servatory sites, and especially the views 
from them-and, of the many he has 

seen, Tonanzintla comes first .  Its only 
rival is the outlook from Saanieh Hill, 
at Victoria, on the semicircle of distant 
snow-mountains,  from the Olympics to 
beyond the Canadian border-unless 
the ,,,orks of man are included, when 
the near view of the Acropolis from the 
Observatory of Athens stands alone. 

From the technical standpoint , To
nanzintla is an excellent site . Its alti
tude exceeds that of any observatory 
site in the United States except Flag
staff and the new Harvard coronagraph 
station at Climax, Colorado . The skies 
are frce from contamination, the cli
mate is favorable-with rains in the 
afternoon in the rainy summer sea
son-and the latitude of approximately 
ZO ° gives it an enormous advantage. 
The Southern Cross rises well above 
the horizon , and the important galac
tic regions, Sagitt<..�ius and Carina, get 
high enough for satisfactory observa
tion. 

THE principal instrument at present 
possessed by the Observatory is a 

Schmidt camera [see page 262 .-Ed.] 
of ;2-1, inches effective aperture , which 
in these clear skies will be a really 
powerful tool for the study of stel
lar distribution, space-absorption, and 
other galactic problems . 

The Harvard Observatory has been 
in close association with the new Ob
servatory of Tonanzintla and with its 
director, Dr. Erro, all through i ts or
ganization and construction, and the 
installation of the Schmidt camera . In 
grateful recognition of this relation , the 
people of the village have named the 
street which runs up to the Observa
tory "Calle Annie J. Cannon,"  as a 
memorial to one of the pioneers in 
Harvard's astrophysical work. 

The Observatory was formally in
augurated on February 1 7th by the 
President of the Mexican Republic, 
General A vila Camacho. The cere
mony, held in the open air and favored 
by perfect weather, was impressive. A 
great crowd of people from the neigh
boring villages and the city of Puebla 

fillcd the slope of the hill . Behind 
them was a display of the massed flags 
(at least QOO) of all American nations, 

from Canada to Chile, while in the 
distance rose the great mountains . The 
Governor of the State of Puebla, Dr. 
Bautista, made an excellent address, 
and the singing of the Mexican N a
tional Hymn, at the close, impressed 
all the delegates from north of the Rio 
Grande by its genuine fervor. 

The Astrophysical Congress was 
opened, later in the day, in the hall of 
the University of Puebla, by President 
Camacho. The next mornmg the 
astronomers began three very busy 
days of scientific sessions at the Uni
versity (whereof more later) ; but none 
of the delegates was busier than the 
President of the Republic, whose pro
gram for the first of these days in
cluded the inaugural ceremonies of 
seven institutions-schools, water-sup
plies, hospitals, and the like-all for 
the public welfare . 

A FTEH returning to :Vlexico City, 
the delegates were taken to Tiri

petio, site of the first school of 
higher studies in the Western Hem
isphere. In the restored hall of this 
ancient school, honorary degrees were 
conferred by the University upon four 
of the delegates from the north, in a 
ceremony of equal simplicity and dig
nity. [The four were Doctors Shapley, 
Adams, ValIarta, and the author.-Ed.] 

The scientific sessions, as befitted 
the international character of the Con
gress , were bilingual . Every communi
cation, whether in English or Spanish, 
was accompanied either by the reading 
of an abstract in the other language, 
or by a running translation at intervals 
of a minute or two. As always happens 
in such international meetings, it was 
not the "Norte-Americanos" who were 
the interpreters . A few of us were able 
to present our results in passable Span
ish; but for fluent and accurate trans
lation we had to depend upon our 
hosts. 

To take a typed abstract in one 
language and read it off freely in an
other is hard enough; but several of 
our l\fexican colleagues performed the 
far harder task of translating talks in 
English-not read from manllscript ,  
and often including technical descrip
tions of slides and tables-with com
pleteness, accuracy, and more eloquence 
than the original speaker could boast. 

Almost 40 scientific papers were 
communicated to the Congress .  

Adams, discussing interstellar lines, 
reported that the sharp lines so far 
observed in the spectra of distant stars 
have now all been accounted for.  There 
are two lines of evidence that the inter
stellar gas which absorbs them is not 
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uniformly distributed . In the spectra 
of some stars, the interstellar lines of 
the compounds CH, CH+, and CN are 
strong, compared with those ' of the 
metals; in others much weaker-while 
the metals are strong-showing that 
the interstellar gas is far from uniform 
in composition. Advantage was taken 
of this in the recent discovery of faint 
lines of interstellar iron, in the spectra 
of stars in which the lines of other 
more abundant atoms appear most 
strongly. J\foreover, photographs with 
very high dispersion sh(nv that the H 
and K lines of ionized calcium are not 
merely double-as was discovered by 
Beals, in Canada, some years ago-but 
that in some cases there are three or 
even four components of different in
tensities . The only reasonable explana
tion appears to be that there are three 
or four different clouds of gas in differ
ent parts of the line between ns and 
these stars , each containing calcium 
atoms, but moving with different ve
locities which sometimes disagree by 
as much as 20 kilometers per second. 

I
NTERSTELLAR matter must be very 
patchy in distribution . This is also 

indicated by a report by Stebbins upon 
new photoelectric measures of star 
colors. The apparatus is now so deli
cate that it has been possible, with 
appropriate color-filters , to measure 
the brightness of many stars in six 
spectral regions, ranging from 1.3500 in 
the ultra-violet to n o.ooo in the infra
red . Very accurate determinations of 
star-colors may thus be made . The 
well known "space-reddening" of dis
tant stars, above and beyond the color 
normal for their spectral type, may 
thus be precisely measured . The prop
erties of the interstellar dust which 
produces this effect appear to be uni
form, as regards the relative effects for 
different wavelengths,  but the actual 
amount of absorption for stars at the 
same distance is very different , show
ing that the distribution of dust, as 
well as gas, is highly irregular . 

An important , and previously un
recognized, function of this interstellar 
matter was discussed by Whipple, who 
showed - following Spitzer - that a 
cloud of such dusty gas, absorbing 
much of the starlight which passed 
through it, would be compressed by 
the pressure of starlight from the out
side . as well as drawn together by its 
own gravitation. and might ultimately 
condense into bodies whose mass-de
pending on the density and other char
acteristics . of the cloud-might range 
from that of an asteroid to that of a 
large star . 

This may solve a very puzzling prob
lcm which the writer-discussing the 
prcsent state of the problem of stellar 

evolution-had posed without answer
ing. There is abundant evidence that 
the Earth, and our existing universe 
of stars and galaxies, is some two bil
lions of years old, or a little more. It 
is well known th�t the stars of great
est mass and luminosity are spending 
their capital of available energy at 
such a rate that the greatest known 
source-the transmutation of h�'drogen 
into helium-would keep them going 
for only a hundred thousand years or 
so. Whipple 's work (corroborated by 
some of Spitzer 's) opens the possibil
ity that these stars may really be 
younger in years than the Sun . They 
may have existed , for most of the his
tory of the universe, as diffuse . nOll
luminous masses of dust and gas , finally 
condensing and beginning their spend
thrift careers as stars during the last 
few percent of the Earth's history . 

S
TARS of the Sun's mass, howeyer, live 
their lives slowly. Bethe showed, a 

couple of years ago, that such a star 
should become slightly larger in di
ameter, considerably hotter on the 
surface, and very much brighter, as its 
hydrogen became exhausted . In these 
later stages, such a star would have a 
spectrum of class B, but be ver�' mucb 
smaller and less luminous ,  as well as 
less massive, than the general run of 
stars of this type . Few, i f  any, such 
stars have been observed. It has usu
ally been supposed that this was be
cause the stars passed through these 
stages ,0 swiftly that there were few 
of them to be found there at any given 
time: but the writer pointed out that 
these stars. being bright, could be seen 
at large distances, which more than 
makes up for the time-effect. The fact 
that we do not find such stars (so far 
as our present search has gone) illtli
cates that stars like the Sun have not 
had time to reach these late eyolution
ary stages since the present state of 
the Galaxy began. Incidentally, from 
a combination of the data of various 
investigators, it was shown that the 
known properties of the Sun can be 
well explained if its interior contains 
51 percent hy weight of hydrogen, 42 
percent of helium, leaving 7 percent 
for all the heavier atoms--of which 
one tenth is carbon and nitrogen. These 
are rough values-adjusted to add up 
to 100 percent . More accurate studies 
-which may be hoped for in a few 
years-should lead to a better deter
mination . 

Several other papers dealt with the 
distribution and motions of stars in 
the Galaxy . Baker, from star-counts 
in Cassiopeia and Aquila, and Bok and 
his associates at Harvard, from similar 
studies of regions in Monoceros and 
Centaurus, find a general tendency for 
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the star-density (that is, the number 
of stars in a given large volume of 
space) to fall off with increasing dis
tance from the Sun--especially for 
parts of the ;Ylilky Way remote from 
its center in Sagittarius, and for stars 
of spectral classes near F. This is 
after allowance has been made for the 
effects of certain absorbing dust-clouds 
at distances of 500 parsecs and more . 
Mayall . from the radial velocities of 50 
globular clusters-many more than 
have previously been observed-finds 
that the motion of the Sun, relative to 
the mean of the clusters, is in the plane 
of the Milky Way. at right angles to the 
galactic center, and at the rate of 1 7 0  
kilometers a second. The first two re
sults were to be anticipated : '  but the 
velocity is only about 60 percent of 
the 800 kilometers a second which has 
generally been adopted as representing 
the rotation of the Galaxy . A large 
number of clusters south of declination 
_ 40 0  have not yet been observed,  and 
cannot be until suitable equipment is 
put into service at some observatory 
in the southern hemisphere . Their in
clusion may bring up the calculated 
velocity considerably . If it does not. 
we will then have to choose between 
two alternatives. Either the Galaxy is 
considerably smaller than we suppose 
at present, or else the system of globu
lar dusters is rotating in the same gen
eral direction as the Galaxy, but more 
slowly. 

TO pass from far to near, two papers 
dealt with astronomical phenomena 

in the Earth's atmosphere. Elvey, from 
observations at the }fcDonald Observ
atory upon the light of the night sky, 
finds that eertain lines-notably those 
of sodium and the red forbidd�n lines 
of oxygcn--increase greatly in bright
ness as the first direct rays of the Sun 
strike the uppermost layers of the air 
at dawn, and fade out rapidly after 
they leave them at twilight.  ;Ylany 
other radiations, such as the familiar 
green line of oxygen, change little at 
this time, but show irregular variations 
from night to night. These require 
further study, but it is already clear 
that they are greater on nights when 
the Earth's magnetism shows disturb
ances. 

It was a first-rate conference; and 
every one of the delegates will agree 
with the writer's expression of thanks 
to the J\![exican Government, and to 
the Director and staff of the Tonan
zintla Observatory, for the admirable 
planning and emphatic success of the 
Congress , and for the great and unfail
ing hospitality which all its members 
have enjoyed . 

-On the 1ll exicun N utional Rail
way, February 27, 1942 .  
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Why a re We Sho rt of A l u m i n u m ?  

Huge Qua ntit ies of E l ectric ity a re N eeded to 

Reduce t his Common Meta l from its Ore 

H E N R Y W. R O B E R T S  

A.vIElUCAN troops go into Surinam 
and Dutch Guinea to protect vital 

bauxite ore deposits, to assure us of 
enough aluminum to win the War . . . .  

Aluminum is the vital war metal . 
We need it for our battle planes; we 
also need it for a thousand other war 
uses-from canteens to battleships . 

Aluminum is plentiful . One twelfth 
of the earth's substance is 
aluminum. There is nothing 
more common in nature . 
And yet we are now short 
of aluminum. Despite last 
year's record production, we 
are still short of aluminum 
for our defense needs, have 
none to spare for our civilian 
needs. It takes thousands of 
pounds of aluminum to build 
a bomber, a good deal less to 
build a fighter plane . 

Three years ago Germany 
produced less aluminum than 
either the United States or 
Great Britain. A year ago 
the United States and Great 
Britain, together, produced 
less aluminum than Germany 
alone . Today , aluminum pro
duction by the United �a
tions is running neck and 
neck with the Axis countries. 

\Vhat do we need to out
strip the Axis in the produc
tion of aluminum ? Where is 
the choke-point that has so 
dangerously slowed up our 
production of this vital war 
metal ? 

Aluminum is one of Amer
ica's contributions to the 
world's industries. Discov-
ered in Denmark, in 1 825 , 
aluminum remained a scientific clll"i
osit,)' until 1 886 when a young Ameri
can, 22-year old Charles :Martin Hall. 
succeeded in reducing aluminum oxide 
to metallic aluminum by a new process 
which made possible commercial pro
duction of this metal . 

The first aluminum which Hall pro
duced cost eight dollars a pound. Three 
years later, in 1 889,  the cost was down 
to five dollars a pound . Today. al11-

minum costs about l.5 cents a pound. 
In 1 934,  when Germany's rearma

ment program had already begun roll
ing, the entire American aluminum in
dustry-which then meant the Alumi
num Company of America-produced 
only 74 ,000,000 pounds of virgin metal . 
To this was added 42 ,000,000 pounds 
of secondary metal (scrap) ; another 
18 ,000,000 pounds was imported. That 
gave us 134 ,000,000 pounds in all , just 
barely sufficient for our normal needs 

Surface m i n i n g  af a l u m i n u m  o re-b a uxite 

during the Ilormal �'ear, of peace. 
By 1 939.  with the W il l" in  Europe 

obviously irrnn inent .  011 r production 
rose to 327' ,090,000 pOll nds .  In H )40,  
with war at hand , we produced over 
400 ,000.000 pounds of aluminum. 

Last year,  1 941 , ,,, ith war daring 
us in the face . we were still hopelessly 
short of aluminum. Including all t he 
scrap that we could ('ollect . om total 
alllminurll production sti l l  fel l . short of 

the goal which was set for that year. 
This year, 1 942 ,  with the aluminum 

industry being rapidly expanded, we 
should be able to produce considerably 
more of the virgin metal . Several mil
lion pounds may come in to us from 
Canada, and perhaps a like amount 
may be added through drives for scrap 
aluminum. This would give us barel�' 
enough for our 1 942 military needs; 
still nothing for civilian needs. 

What, then, is holding back un
limited production of aluminum, the 
most common metal on earth? 

The principal source of aluminum IS 
bauxite, a red-yellow ore rich in alu
minum hydroxide. Bauxite oc<;urs in 
nature in large mass deposits, usually 
found close to the surface of the earth .  
There are vast deposits of  bauxite all 
over the world , principally in France , 
Hungary, Italy, Jugoslavia, Greece, 
Russia, British Guiana, Surinam, Neth
erland Indies, and the United States 

of America. The world', 
richest bauxite mines are i ll 
South America, in Dutch 
Guiana and Surinam. Four 
pounds of this bauxite r'ake 
one pound of aluminum. 

Control of these rich South 
American mines is vested 
largely in the Aluminum 
Company of America, which 
conducts the mining opera
tions and maintains a large 
fleet of cargo ships to trans
port the bauxite from the 
ports of Moengo and Para
nam, at the mouths of the 
Cottica and Surinam Rivers, 
to American and Canadian 
ports. More than two-thirds 
of all the aluminum pro
duced in the United States 
is made from this South 
American bauxite. 

One of the more serIOUS 
obstacles to increasing our 
aluminum production under 
wartime conditions is the 
current lack of sllfficient 
shipping which can be di
verted to the transportation 
of additional bauxite from 
South America to this COUIl
try. 

.Meanwhile, tremendous de-
posits of low-grade . bauxite 

( and of another aluminum ore, alunite) 
were recently discovered in the United 
States , in our South and Southwest, but 
principally in Arkansas. About half of 
the bauxite mined in the United States 
goes into the production of aluminum, 
the other half being consumed in the 
production of artificial abrasives, chem
icals , refractories, and insulating mate
rials. 

These low-grade Arkansas bauxite 
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deposits are now being commercially 
exploited, principally by the recently 
organized aluminum division of Rey
nolds Metals Company. Despite its 
much lower aluminum content,  our 
Arkansas bauxite competes successfully 
with the richer ores from South Amer
ica, mainly because the Arkansas baux
ite need not be transported by sea. 

Unlike most metals, aluminum can
not be reduced directly from its ore, 
the bauxite. First, the impurities in 
the ore must be separated from the 
aluminum hydroxide; this is a chemical 

Casting a l u m i n u m  

process. Next, the aluminum hydrox
ide must be calcined to produce pure 
aluminum oxide, or alumina. Last, the 
alumina must be reduced to metallic 
aluminum.  The entire process is rather 
complex, and quite expensive, requiring 
large investments in plant and machin
ery, and consuming prodigious quan
tities of electric power. 

The first step in the processing of 
bauxite into aluminum takes place at 
the mines . The raw ore taken out of 
the ground is hauled to a nearby mill 
where it is crushed, screened, and 
washed. The lumps of ore, now less 
than two inches in the greatcst dir.:len
sion, are carried into classifiers, where 
the washing process is repeated several 
times to remove as much clay as pos
sible . Clay contains silicon oxide, or 
silica, an undesirable impurity in the 
processing of aluminum. After the 
washing process has been completed, 
the ore is thoroughly drained, dried in 
long rotating kilns, and is then ready 
for shipment to the alumina reducing 
plants. 

There are now only three alumina 
plants in the United States : those of 
the Aluminum Company of America, 
in Illinois and Alabama, and the new 
plant of Reynolds Metals Company in 
Alabama, completed late in 1 94 1 .  

Several processes of reducing bauxite 

to alumina are known; the one com
monly used in this country is the 
Bayer process, developed about ,50 
years ago by Karl Josef Bayer, a Ger
man chemist. The crushed, washed, 
and dried bauxite from the mines is 
further crushed, and finally ground to 
powder. The powdered bauxite is 
then mixed with a hot caustic soda 
solution , and the mixture of soda and 
bauxite pumped into large pressure 
tanks, called "digesters." The caustic 
soda dissolves aluminum hydroxide out 
of the bauxite, and the liquid becomes 
a solution of sodium aluminate. The 
impurities in the ore do not dissolve, 
and are removed from the solution by 
filtering. 

T
HE filtered sodium aluminate solu
tion is then fed into huge precipita

tion tanks, where it is cooled. As the 
solution cools, aluminum hydroxide set
tles out of the solution in the form of 
white crystals .  The caustic soda solution 
is then pumped off, to be used again, 
and the white crystals of aluminum 
hydroxide are dried, and then calcined 
in special kilns . The calcining process 
removes the water chemically com
bined with the crystals, leaving a white 
powdery mass of aluminum oxide. This 
white powdery mass is called alumina. 
For each pound of alumina, two pounds 
of high-grade bauxite were required. 

The next step is the reduction of 
alumina to aluminum. The process 
universally used is the Hall-Heroult 
electrolytic process, named after the 
American, Charles :Martin Hall , and 
the Frenchman, Paul Louis Toussaint 
Heroult, who developed this process, 
independently of each other, in the last 
century. Because of the tremendous 
electric power requirements of the 
process, the aluminum reduction works 
are usually located near large hydro
electric plants where electricity IS 

invariably both cheap and plentiful . 
There are at present only five alu

minum reduction plants in the United 
States-all of them belonging to Alu
minum Company of America-dis
tributed through New York, North 
Carolina, Tennessee, and Washington. 
A sixth plant, owned by Reynolds 
Metals Company, is nearing comple
tion in Alabama, a seventh will be 
located in Washington. 

The principal equipment of the alu
minum reduction works is the electro
lytic furnace, or cell . Each cell is a 
rectangular steel "bathtub," its walls 
lined with carbon which serves as the 
cathode or negative pole of the cell. 
The cell is filled with a rare white 
mineral , cryolite, or "ice stone," which 
is fused by the electric current into a 
molten mass. This molten cryolite is 
the electrolyte of the cell . Immersed 
in the cryolite bath are several carbon 
anodes, suspended from overhead bus
bars; these serve as the positive pole 
of the cell. 

M
OLTEN cryolite IS the magic sub

stance wInch dIssolves alumina 
(aluminum oxide) . The electric current 
passing through the molten cryolite 
bath decomposes the dissolved alumi
num oxide into its component parts :  
aluminum and oxygen. The oxygen is  
liberated at the anodes and escapes 
through the crust at the top of the 
bath. Aluminum is deposited on the 
bottom and the walls of the cells ( the 
cathode) , and forms a molten layer of 
metal at the bottom of the bath, 
whence it can be drained off into ladles 
and cast into pigs . 

The normal capacity of each cell is 
250 pounds of aluminum, sufficient to 
cast five 50-pound pigs . Into the mak
ing of each pound of aluminum go 
four pounds of bauxite, three-quarters 
of a pound of carbon electrode, and 12  

I l l ustrati ons  cou rtesy A l u m i n u m  Compi!ny o f  A m e ri c a  
Schematic d i a g r a m  of a n  a l u m i n u m  producing electrolytic cel l  
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kilowatt-hours of electric energy. 
The aluminum reduction process is a 

continuous operation . As the molten 
aluminum is drained off. more alumina 
is added to the cryolite bath. The 
cryolite itself is not affected by the 
process, and is used over and over 
again. 

It is fortunate that cryolite is not 
affected by the process : the only com
mercial cryolite mine in the world is at 
Ivigtut,  in Greenland. Greenland.  you 
will recall, is now occupied by Ameri
can troops. It is probable that more 
cryolite may be found in Iceland. We 
have troops in Iceland. But there is 
no connection between United States 
troops and cryolite. We have all the 
cryolite that we are likely to need; we 
could also make synthetic cryolite, fully 
as good as the real thing. 

The pig aluminum still has to under
go several transformations before it 
becomes a battle-plane. The first step 
is to melt pig aluminum into ingots; 
this removes residual impurities and 
gives the bulk aluminum a more easily 
workable shape. 

Sometimes an aluminum alloy and 
not pure aluminum is required; then 
the alloying is done at this stage. One 
of the best known and most frequently 
used alloys is duralumin. This re
markable alloy, after heat treatment. 
is as strong as mild steel , but weighs 
only one third as much. Duralumin is 
the alloy principally used in aircraft 
construction. 

To become technical for a moment, 
aluminum has a specific gravity of 
2.70: one fourth to one third of other 
common commercial metals. The metal 
is non-toxic, is resistant to corrosion, 
and has high thermal and electrical 
conductivities. What is more impor
tant, aluminum is a most versatile 
metal; it may be cast, rolled into bar 
and rod stock, drawn into wire, or 
rolled into plate, sheet, or foil. It may 
be drawn into tubing, or into extrusion 
shapes; it may be forged or pressed , 
or made into screw-machine products , 
rivets, or nails, or made into powder. 
There is no other metal which can 
serve industry in as many shapes and 
forms as can aluminum and its alloys. 

Now, just where is the choke-point 
in our aluminum production? 

There is no shortage of bauxite. We 
have, here and in South America, more 
than enough bauxite to make all the 
aluminum that we are going to need. 

Is there a shortage of labor? Em
phatically "No"! No skilled labor is re
quired for the mining of bauxite. The 
processing of bauxite into aluminum is, 
essentially, an automatic operation, re
quiring very little labor. 

There is no patent monopoly. All 
the important patents on the process-

234 

ing of aluminum expired long ago. Nor 
is there a monopoly in our aluminum 
industry; at least, the courts say so. 
In addition to Aluminum Company of 
America, the metal is being processed 
by Reynolds Metals Company, and 
Bohn Aluminum Company is expected 
to be soon added to the roster. 

Admittedly, our aluminum plant fa
cilities are still too few : there are as 
yet only three alumina plants, and only 
five aluminum reduction plants. But 
the few million dollars necessary to 
build additional plants will never pre
sent an obstacle to increased aluminum 
production so urgently needed . 

T
HE real choke-point of aluminum 
production is electric power. Remem

ber, 12 kilowatt-hours of electric energy 
are required to make one pound of 
aluminum. Last year, the aluminum 
industry needed, each day, enough elec
tric energy to supply all needs of a 
modern city with a population of 
25 ,000 persons for a whole year! 

'Ve do not have enough electric 
power. Already the towns and villages 
in the vicinity of aluminum reduction 
plants are feeling the pinch, will feel 
it more as time goes on. The great 
hydro-electric plants are all working at 
full capacity. Even the new Bonneville 
Dam project, barely completed, already 
has its entire output earmarked . 

I N S U LATI O N  

Board M ade o f  Glass 

Replaces Cork 

• • 

WITH importations of cork from 
Spain and Portugal becoming increas
ingly hazardous and uncertain, and 
with existing supplies in this country 
under rigid priorities, a new insulating 
board, said by experts to possess all 
of the insulating properties of cork, 
and to be superior in some qualifica
tions, holds considerable interest . This 
new board, produced by Owens-Corning 
Fiberglas Corporation for low-tempera
ture and roof-insulation applications, 
marks a development of unusual im
portance in that it will tend to release 
the United States from dependence 
upon cork in meeting the tremendous 
war-created demand for cold-storage 
refrigeration of perishable food sup
plies and industrial materials. 

Known as AE Board, the new insulat
ing material is made of pure glass 
fibers, compressed to a density of six 
pounds to the cubic foot , treated with 
a thermosetting binder, and completely 
enclosed in a sheath of asphalt that has 
a high melting point . Its heat conduc-

This choke-point is now being broken 
with the aid of our Government . Not 
so long ago Jesse H. Jones, Federal 
Loan Administrator, announced that 
the Defense Plant Corporation will 
provide $52,000,000 for the construc
tion and operation of four aluminum 
plants by the Aluminum Company of 
America. With these additional plants 
American aluminum production should 
reach a much higher figure annually. 
Additional negotiations are now in 
progress with the Reynolds Metals 
Company and other aluminum pro
ducers . 

The four new plants will be com
prised of one alumina processing plant 
in Arkansas, and three aluminum re
duction plants: one located in New 
York; another in a western state; and 
a third in Arkansas. 

The ownership of the four new plants 
will remain with the Government .  The 
Aluminum Company of America will 
merely operate them under a five-year 
lease, paying the Defense Plant Cor
poration 85 percent of net operational 
costs. The agreement provides that 
the new government plants must be 
operated at the same relative capacity 
as those now owned by the Aluminum 
Company of America . 

W'ith care and vigilance, we shall 
have enough aluminum--enough to win 
the War! 

• 

tivity is 0 .265 B.T.U. per square foot 
per hour, per degree Fahrenheit, per 
inch thickness, at a mean temperature 
of 60 degrees, Fahrenheit. This com
pares with a figure of 0.27 for cork. 
Since the new insulating board is made 
of materials which are found in ade
quate quantities within the United 
States, a supply sufficient to meet all 
essential needs is assured. 

It is estimated that the 1 94;2 need 
for insulating materials for low-tem
perature installations will be in excess 
of 200,000,000 board feet. The feeding 
of the armed forces, the tremendous 
shifts in the industrial population, and 
the enormous expansion of industrial 
plants,  all augment the normal re
quirements for cold-storage refrigera
tion. Adequate refrigeration is needed 
in the preparation, storage, and trans
portation of perishable foods and is an 
essential element in the processing of 
quick-frozen foods which today play an 
important role in the nation's diet. The 
cold processing of industrial materials, 
including many oils, chemicals, and 
rayon, requires the control of tempera
tures within a narrow range, necessitat
ing adequate low-temperature insula
tion, 

The yalue of roof insulation for in-
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dustrial buildings has been firmly es
tablished . Insulation of the roof cuts 
fuel and air-conditioning costs. It also 
tends to prevent condensation on the 
underside of the deck, and consequent 
damage which may be caused by roof 
drip-an increasing problem in air
conditioned structures. Frequently the 
installation of adequate insulation in 
the roof makes it possible to reduce 
the size and cost of heating and air 
conditioning equipment . It is estimated 
that 300 ,000,000 square feet of roof 
insulation will be installed on new in
dustrial buildings between now and 
the end of 1 943 .  

The Fiberglas board is made in the 
"American Standard" size for refrigera
tion insulation-1 2  inches by 36 inches 
-and in thicknesses of one . one and a 
half, and two inches. The insulation 
has high resiliency, and shows almost 
complete recovery in five minutes after 
loading to 1 728 pounds per square foot 
-a load far above the normal en
countered in refrigerated spaces or 
roof-deck service . 

All special-size pieces can be made 
up on the job by cutting the board to 
size, and sealing the cut edges with hot 
asphalt.  The material can be sawcd 
with an ordinary saw if the blade is 
frequently lubricated with kerosene to 
prevent the asphalt coating from gum
ming the teeth . For curved surfaces of 
large radii, the board can be slotted on 
one face and bent to fit the required 
curve. 

• • • 

P LYWOOD-Soybean adhesives glue u p  
t o  2 . 3  bi l l ion square feet. o f  plywood 

yearly-enough to m a ke a four-foot 
"board-walk" around the equator four 
times. with several  thousand feet of 
the strip left over. 

• • 

RESEARC H 

Organization Plans 

For the Future 

• 

ANNOUNCEMENT was recently made 
by the Auto-Ordnance Corporation, 
manufacturers of the Thompson Sub
Machine Gun, of the formation of a 
Department of Research and Devel
opment at Stamford, Connecticut, for 
the purpose of expediting America's 
war effort, continuing improvements in 
its own manufacturing, and the devel
opment of post-war products to cushion 
industrial readjustment following all
out military production. 

This department includes Don D. 
·Myers , well-known designing and re
search engineer of Toledo; Dr. H. H .  

Anode p late being lowered into the steel tank o f  a n  Ign itron, a n  electrical 
rectifier  that is  playing a la.rge part in present-day magnesi u m  production 

Sheldon, formerly Professor of Physics 
at New York University and a con
tributor to Scientific American, and Mr. 
Albert Thomas, well-known inventor 
and designing engineer who was re
cently associated with the Glenn lVlar
tin Company . 

M AG N ES I U M  

Production from the Sea 

Aided by New Device 

A BARREL-SIZED steel tank that sifts 
electrical charges through a pool of 
mercury is speeding production of two 
vital war metals by helping to "rescue" 
magnesium from the ocean and to ex
tract aluminum from bauxite. 

Tbis "electrical alchemist"-known as 
the Ignitron-IO years ago was only a 
laboratory curiosity, but now is an im
portant industrial tool for producing 
the lightweight metals urgently needed 
for military aircraft . 

The Ignitroll was developed by Dr. 
Joseph Slepian, associate director of the 
\Vestinghouse Research Laboratories , in 
co-operation with engineers L. R. Lud
wig and J .  H. Cox. The device ex
pedites war production by changing al
ternating curreut electricity into the 
direct current required in electro-chemi
cal processes used by magnesium and 
aluminum plants. 

Half a million kilowatts of direct cur
rent electricity-enough power to drive 
10 ,000 street cars-was added in 1 94 1  
to the power supply o f  aluminum plants 
in the Luited States and C anada by t he 

installation of Ignitrons. Millions of 
pounds of magnesium are now being 
extracted from pumped sea water when 
magnesium hydrate is precipitated from 
the water, converted into magnesium 
chloride and reduced to magnesium by 
an electrolyzing process employing Ig
nitrons . About four and a half million 
tons of this important metal can be 
"rescued" from a cubic mile of sea wa
ter. according to statements by metal
lurgists .  

Suspended in the Ignitron's tank is a 
graphite electrode connected to the al
ternating current supply . In the bot
tom of the tank is a shallow pool of 
mercury. Fastened above the pool is 
an inch-long pointed piece of boron 
carbide the thickness of a pencil. This 
dips into the mercury and is the spark 
plug or igniter that makes the Ignitron 
work. 

In operation, positive electricity from 
the alternating current power line is 
conducted to the graphite electrode in 
the top of the Ignitron tank and also 
to the igniter . The instant this positive 
electricity reaches the igniter it forms 
a spark or "cathode spot" on the mer
cury pool and permits the power cur
rent to flow. \Vhen the current changes 
to the negative phase, the rectifying 
property of the mercury vapor prevents 
an�- discharge from passing in the re
verse direction . 

With 60-cycle current ,  this phenome
non is repeated fiO times a second. pro
ducing the required one-dircctional flow 
of current from the Ignitron to the ill
dustrial process for which such current 
is needed . 
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I N DUSTR I A L  
TR ENDS  

N UTS, B EANS, S E E DS . . .  A N D  O i l  

COCONL'T palms, swaying gracefully in the warm, scented 
breezes of the South Pacific, are an important part of 
the imaged landscape of song and fiction writer; of far greater 
importance are they to a wide range of industries which, 
today, are in somewhat of a dither as to what to do about 
those products of the coconut which no longer reach our 
shores from far-off lands of fabled romance . 

Outstanding product of the coconut palm is the oil yielded 
by the nuts, which, together with other vegetable oils from 
the Philippines and points west, enters such differing indus
tries in the United States as those concerned with the pro
duction of foods, paints , leather, soap, lubricants,  metals, 
and explosives. 

Here is what t4e Department of Commerce has to say 
about the situation in oils and f�ts, the twins that are usually 
linked together and which include those of both vegetable 
and animal origin : "\Ve normally produce domestically such 
food fats as we need and export, but domestic production is 
a third short of supplying all the fats and oils we need for 
soap, slightly more than a third short of those necessary 
industrially, and half short of our paint and varnish needs. 
Curtailment of our Far Eastern imports will directly affect 
the soap and glycerine, tin-plate, and textile industries, and 
will necessitate changes in composition among our manu
factured fats and oils products ."  

Agriculture in  the United States is being stepped up in 
certain branches to contribute its share in making up thcse 
shortages. For example, during 1 942-43 , production of 
peanut oil will be aimed at a goal 600 million pounds in 
excess of that produced during the 1941-42 season; for soy
beans the figure will be 350 million pounds more, and for 
flaxsced some 100 million pounds .  These increases will go a 
long way toward filling in the gaps left by coconut and other 
exotic oils in certain applications, but there is something 
about the coconut that makes its products particularly 
desirable. The oil gives quick-lathering properties to soap, 
in the manufacture of which it finds its widest use. The 
food industry consumes large quantities of COCOllut oil in 
the production of margarine, salad oils, shortenings , and so 
on. From it is obtained glycerine, essential to munitions 
manufacture, and this harks back to the soap industry in 
which glycerine is a major by-product that, today, is over
shadowing in importance the main product . 

But oil is not the only thing that the coconut yields; its 
shell , for example, is made into activated carbon which has 
the peculiar property of adsorbing gases and odors and finds 
application in the chemical industry as a decolorizing and 
clarifying agent.  Greatest demand of the moment on acti
vated carbon is, of course, in the manufacture of gas masks . 

Before discussing the general trend that is rapidly develop
ing as a result of the current shortage in coconuts, it is inter
esting to note a specific case where research has already 
licked the problem in one typical American way. In the 
leather industry coconut oil has long been used for certain 
types of tanning operations, in which its non-oxidizing quali
ties are particularly desirable. Faced with the need for 
finding a suitable substitute, one oil proce3sing eompa�ly has 
developed from domestic vegetable products an oil for use 
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on leather that is said to be comparable in every way with 
coconut oil . So satisfactory is it, in fact, that interested 
parties have gone on record as saying that it is doubtful 
whether coconut oil will be able to re-establish itself in this 
particular industry after hostilities cease and supplies are 
once more available .  

It cannot be recorded, however, that the problem of coco
nut oil can be solved so readily in every case. But there is 
a silver lining which, properly developed , can undoubtedly 
eliminate completely the dark doud, or at least reduce it to 
unimportant dimensions . South America holds the answer . 
In that vast continent are a number of natural nuts which 
yield oils that are chemically equivalent to coconut oil . 
They are available in large quantities and,  at least in some 
cases, have shells from which can be made activated carbon 
for the uses mentioned above . 

There must be a joker somewhere. Otherwise, why would 
these sources of vegetable oils havc remained undeveloped 
for so long, while the coconut held the center of the stage? 
There are several answers . All of those South American 
nuts which yield sufficient quantities of oil to warrant com
mercialization have hulls that are hard to crack . Crushing 
the hulls bruiscs or crushes the kernels, which contain the 
oil, thus spoiling the nut for further processing. There have 
been small quantities of oil from the babassu and cohune 
nuts placed on the market by South American companies, 
obtained through thc long and tedious process of cracking 
the hard shells by hand and then pressing the oil from the 
kernels . .  But since hand cracking proceeds at a rate of about 
I SO nuts per hour, the oil output is exceedingly limited . 

A further obstacle, but one that is not insurmountable, is 
the reluctance on the part of many South American coun
tries to permit export of uncracked nuts of certain varieties . 
Reason, of course, is to kcep the cracking industry at home 
for the benefit of native labor. 

Yankee ingennity has gone to work on mechanical crackers 
for these tough nuts ,  with a considerable degree of success . 
Several crackers have been devised that will crack the hulls 
at a high rate of specd, leaving the precious kernel intact . 
With these available, and with increasing co-operation 
between the United States and its southern neighbors, there 
is every reason to believe that South American nuts of a 
variety of species will soon aid greatly in replacing the coco
nut. 

Here, then, is a definite trem1 in the vegetable oil industry 
which will be carefully watched by all other industries that 
have heretofore been dependent on oils imported from the 
Far East . And with one eye on the development of South 
American nut oils, the other eye will be kept on the field of 
synthetics at home. \Vith such an opportunity opened by 
Mars , it is not hard to believe that the American chemist 
will soon pull from the bag a whole family of synthetics 
which will fit neatly into the industrial needs of the moment. 

SY N T HETIC RU B B E R  . . .  A N D  Oi l 

T HE petroleum industry which, directly or indirectly, sup
plies many of the sinews of peace and war, is going to play 
a much larger part in the synthetic-rubber picture than 
most people are aware of. Approximately three quarters of 
the production of this material at the end of 1941  was being 
made from petroleum-base raw materials .  If the present 
trend continues, and it is indicated by governmcnt officials 
that it will, most, if not all ,  of the synthetic rubber being 
produced by 1 943 will be made from products of the petrol
eum industry. 

SCIENTIFIC AMERICAN • MAY 1942 



AN O P E N  LETT E R  TO DONALD M. N E LSON 

Dear Mr.  Nelson : 

You are being widely quoted in the newspapers on the 
subject of dangerous complacency on the part of the 
American public in general and of American industry in 
particular. While I agree thoroughly with you that such 
complacency could, at the very least, prolong the length of 
the war and, at the worst, result in ultimate defeat of our 
nation, I feel that many of the charges of complacency are 
incorrectly aimed. Or, I might better say that some of them 
should be directed inward rather than outward. 

J\1y thoughts in this important phase of our all-out war 
effort are prompted by intimate contact with American 
industry. They are based on observation of progress and 
on conversations and correspondence with key men in a 
broad range of productive endeavor. Because I feel that 
these thoughts will be valuable to you in your work, I am 
taking this means of bringing them to your attention. 

\lVe-you and I and every other loyal American citi:r,en
want to see this war prosecuted to a rapid and successful 
end. We all fully realize that the means lies in the hands of 
American industry. But such is the nature of present oper
ations that American industry is not permitted, in many 
cases, to exercise its ability to produce tanks and planes , 
ships and guns with the same efficiency and speed that has 
characterized its work in the past in the fields of consumer 
goods and heavy materials for civilian use. 

Why do I say "not permitted"? The reasons fall in several 
sectors, but, in my opinion, an outstanding one is in the 
limitations placed on production activities by the very men 
who should have the greatest interest in producing at the 
highcst possible speed : Representatives of the Army and 
Navy charged with procurement and inspection. 

Some cases in point will clarify the condition as I see it. 
While I cannot , of course, reveal the confidential sources 
from which these " case histories " are drawn, you may be 
sure that they are well authenticated . 

First there is the case of a producer of machine-gun parts. 
The specifications to which machine-tool operators in this 
plant work call for tolerances so close that they can never 
be met in high-speed production. 'When they are met , by 
slow and tedious means, even the par ts produced in that one 
shop are not interchangeable; assembly must be made by 
the cut-and-b'v method . Here is the direct antithesis of 
mass producti�n methods , of the one system by which the 
production that we all want can be achieved. And the mili
tary inspectors of this work insist in one breath that the 
tolerances must be adhered to; in the next breath they call 
for production! 

Then there is the case of a shipbuilding program where 
work was held up for a week because the government inspec
tor on the job insisted that the welding electrodes being 
used were not the proper kind for the work. This insistance 
continued in spite of the fact that the workmen concerned 
were thoroughly familiar with welding procedure. It did not 
end until it was discovered that the inspector was using the 
wrong specification book! On this same job an inspector 
demanded that a certain part of the work be welded with 
5132-inch electrodes instead of the :l;.i-inch rods that were 
being used, again despite the practical working knowledge 
of the workmen. In this case, as in many others, the manu
facturer must bow to the orders of the government repre
sentatives in order to keep things moving at all. 

In a third case , finishing operations on 37mm anti-tank 
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gun mount are being carried out with lJ2-inch grinding 
wheels, just because the specifications call for such proce
dure. In the opinion of men who are qualified by experience 
to know, this lengthy operation serves no good purpose as 
far as the final performance of the gun is concerned, and 
might well be eliminated, with a definite speed-up of pro
duction. 

I could go on with several more examples , but I am s ure 
that those given will serve the present purpose. 

From these case histories it is apparent that a great 
obstacle to full-speed production is hide-bound tradition in 
military circles.  It appears that the men who are vested with 
the responsibility of supervising production in various indus
tries are seldom selected for their knowledge of the particular 
work which they are to control . 

This brings us to suggestions for a possible solution of 
some of the troubles that are inherent in any system in 
which production control requires specialized knowledge, if 
production is to be kept at the highest possible peak. 

Army and Navy procurement officers and inspectors 
should be selected from the ranks of industrial technicians , 
rather than from the Services.  Draw them from the auto
motive industry for supervision of automotive problems, 
from welding concerns for inspection of welding jobs, from 
ship-building yards for control of ship-building operations. 
If it is feared that technicians so selected might be biased 
in favor of their own organizations , set up a ruling that no 
man is to represent the government with the specific com
pany from which he was drawn. 

This procedure would probably not be looked upon with 
favor by Army and Navy officials because these men would 
not be instilled with the proper military spirit ,  would not 
hold to the traditions of the Services . 

Let us assume that these are valid objections. Then 
give to these technicians who are to speed up production an 
intensive training course in the Army or Navy, thus pro
viding such background as seems essential . This course, 
consuming perhaps two or thrce months , certainly would 
not hold up production any more than it is being held up 
at present by the sort of thing outlined in the case histories 
above. And when thcse men finish their training they 
would be qualified to couple the requirements of the Serv
ices with their expert knowledge of the reqnirements of mass 
production methods. 

What I have proposed is merely an adaptation of the 
fundamentals upon which American industry has grown to 
world supremacy. When the right man is put in the right 
job, things hum; when the wrong man is invested with 
authority that no one can question, there is created a choke 
point that is all too frequently blallied on almost everything 
but the one out-of-place factor. 

Very truly yours, 
A. P. Peck 
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Patents and  F ree E nterp r i se 
Anti -Trust Laws Can Contro l Abuse of Patents With-

out the N ecessity of Destroyi ng Patent Rig hts 

W I L L I A M R. B A L L A R D  
G e n e ra l  Pate n t  Atto r n ey ,  

A m e rica n Te l e p h o n e  and Te l e g r a p h  C o m p a ny 

THE American patent system seems 
to do well the thing it was in

tended to do, namely, "to promote the 
progress of science and the useful arts ." 
We are the most inventive and progres
sive people in the world, and during 
the past century and a half over two 
and a quarter million patents have 
been issued to inventors. Right now, 
however, there is agitation in certain 
quarters to change our patent laws 
radically on the ground that they are 
in collision with the anti-trust laws, 
that they take something from the 
public merely to benefit an individual, 
and that they are being misused by 
patentees. The reasons back of this 
agitation are wholly unsound, but there 
is real danger that they may prevail 
and kill the goose that lays the golden 
eggs. 

A patent is not a private privilege 
carved out of the public domain. So 
far from being a means of taking some
thing from the public and giving it to 
an individual, a patent is a means for 
getting something from an individual 
and giving it to the public. If a man 
makes an invention of the kind which 
can be protected by a patent, it is 
something which the public does not 
then have, and to which it has no 
claim. That invention belongs to the 
man who made it. He may, if he 
choose, keep it secret and practice it to 
his own profit. He may, if he choose, 
let the art die with him. If anyone 
surreptitiously filches his secret inven
tion, he has his remedy at law for the 
injury. The patent system is designed 
to induce him not only to do the in
venting but to disclose his invention 
and give it to the public gratis after 
the term of the patent , in return for 
the assurance that he will be protected 
in the exclusive use of his own for those 
seventeen years, notwithstanding the 
disclosure. In this transaction, it is 
clear that only the inventor gives up 
anything of substance . To purchase 
the residuary rights in his invention 
the public contributes neither money 
nor anything else it possesses. It gives 

only a promise of temporary protection 
for the inventor's own intellectual 
property so that he may, if he can, 
make a profit for himself during the 
period of protection. 

As long ago as 185� Daniel Webster 
stated it as plainly as this : 

" . . .  The Constitution does not at
tempt to give an inventor a right to 
his invention, or to an author a right 
to his literary productions. No such 
thing. But the Constitution recognizes 
an original, pre-existing, inherent right 
of property in the invention, and au-

• Even in times of economic uncer· 
tainty, the patent remains the corner· 
stone of business and industry, large 
and small. I n  view of current attempts 
to undermine our patent system by at. 
tacking it as a system which fosters 
"trusts" and makes it possible for an 
inventor to establish a "monopoly," the 
present article is unusually timely. By 
emphasizing that the inventor gives 
something to the public, rather than 
taking from it a right which the public 
should possess, the author stresses that 
phase of our patent law which is funda
mental, yet all  too often overlooked.
The Editor • 

thorizes Congress to secure to inven
tors the enjoyment of that right. But 
the right existed before the Constitu
tion and above the Constitution, and 
is, as a natural right, more clear than 
that which a man can assert in almost 
any other kind of property. What a 
man earns by thought, study, and care, 
is as much his own, as what he obtains 
by his hands. It is said that, by the 
natural law, the son has no right to 
inherit the estate of his father-or to 
take it by devise. But the natural law 
gives a man a right to his own acquisi
tions, as in the case of securing a quad
ruped, a bird, or a fish by his skill, in
dustry, or perseverance. Invention, as 
a right of property, stands higher than 
inheritance or devise, because it is per
sonal earning. It is more like acquisi
tions by the original right of nature. 
In all these there is an effort of mind 
as well as muscular strength. 

"Upon acknowledged principles, rights 
acquired by invention stand on plainer 
principles of natural law than most 

other rights of property. Blackstone, 
and every other able writer on pub
lic law, thus regards this natural right 
and asserts man's title to his own 
invention of earnings. 

"The right of an inventor to his in
vention is no monopoly. It is no mon
opoly in any other sense than as a 
man's own house is a monopoly. A 
monopoly, as it was understood in the 
ancient law, was a grant of the right to 
buy, sell, or carry on some particular 
trade, conferred on one of the king's 
subjects to the exclusion of all the rest . 
Such a monopoly is unjust. But a 
man's right to his own invention is a 
very different matter. It is no more a 
monopoly for him to possess that, than 
to possess his own homestead. 

"But there is one remarkable differ
ence in the two cases, which is this, 
that property in a man's own in
vention presents the only case where 
he is made to pay for the exclusive en
joyment of his own. For by law the 
permission so to enjoy the invention for 
a certain number of years is granted, 
on the condition that, at the expira
tion of the patent, the invention shall 
belong to the public. Not so with 
houses; not so with lands; nothing is 
paid for them, except the usual amount 
of taxation; but for the right to use his 
own, which the natural law gives him, 
the inventor, as we have just seen, pays 
an enormous price. Yet there is a 
clamor out-of-doors, calculated to de
bauch the public mind." (Emphasis by 
Mr. Webster.) 

Chief Justice Marshal said of the 
patent : "It is the reward stipulated 
for the advantages derived by the pub
lic for the exertions of the individual, 
and is intended as a stimulus to those 
exertions . . .  The public yields noth
ing which it has not agreed to yield; 
it receives all which it has contracted 
to receive. The full benefit of the dis
covery, after its enjoyment by the dis
coverer for 14 (now 17) years, is pre
served; and for his exclusive enjoyment 
of it during that time the public faith 
is pledged." 

IT is sometimes said that patentees 
have a practice of prolonging the life 

of their patents beyond the 1 7-year 
period. This is done, we are told, by 
taking out improvement patents. 

The simple fact, of course, is that no 
patentee can prolong the life of his 
patent by so much as a single day. 

When a patent has run its 17 years, 
it ceases at once to be a bar to anyone 
in any way. The making, using, or 
selling of the thing covered by the 
patent is as free to one man as to 
another; and this is true whether im
provement patents have been taken 
out or not. 
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And during the life of the patent one 
man as much as another is free to 
make and to patent improvements on 
the preceding invention. Of course, the 
man who makes the best improvement 
will, after the first patent expires, be 
in a better position to compete (so far 
as patents are concerned) than the 
man who makes a poor improvement, 
or none. If the same man who con
ducted a business under the first patent 
makes the best improvements he, of 
course, will have this competitive ad
vantage; but this is the result of his 
effort and ability in making the im
provements-not in any sense because 
of an extension of the monopoly of his 
old patent. 

In this matter of making and patent
ing improvements there is a field of 
perfectly free competition. If the out
sider, who wants to get in, has the 
ability and is willing to spend the time, 
money, and effort required to make 
and to patent the best improvements, '  
he will hold the advantage in the busi
ness over the original patent owner 
when that patent expires. If he has not 
the ability or is not willing to make the 
effort, there is no reason why he should 
be permitted to take, free of cost, the 
improvements of someone else who has 
spent time, money, and effort in per
fecting them. 

WE sometimes hear it said that the 
assignment of a patent--especially 

an assignment to a corporation-diverts 
it from its intended purpose and turns 
it to an unforeseen and undesirable end 
such as "the pursuit of gain." There is 
no truth in this . 

It seems almost too obvious to re
quire stating that the very purpose of 
the patent law in granting an inventor 
a patent is to enable him to reap a 
profit on the invention. The chance to 
do that is his reward for contributing 
to the advancement of science and the 
useful arts by making and disclosing 
the invention. From the point of view 
of the public, it is of no importance at 
all whether the patentee makes the 
profit by manufacturing and selling the 
invention himself, or makes it by sell
ing his exclusive right to someone else. 
If he sells his patent to someone else, 
the purchaser, whether a corporation 
or an individual, gets no rights which 
the original patentee did not have. 

Obviously either the inventor or his 
assignee may use the patent unlaw
fully, just as he may use any other 
private property unlawfully. For ex
ample, he may make an agreement or 
combination in restraint of trade which 
involves his patent, just as such an 
agreement may involve his grain or his 
horses. But the cure for this is not to 
decry the sale of the patent or the 

grain or the horses, but to prosecute the 
perpetrator of the agreement (whether 
inventor or assignee) under the anti
trust laws if he transgresses those laws. 

Some seem to assume that a pat
entee, as distinct from the owner of 
other property, is under some special 
obligation to society. Having read 
Article 1 ,  Section 8, of the Constitution 
and found that the granting of the 
patent is intended "to promote the 
progress of science and useful arts," 
they jump to the conclusion that it is 
the patentee upon whom falls the duty 
of promoting the progress of science 
and the useful arts. Of course, this is 
plain foolishness. The Constitution ex
pressly states that it is Congress that 
is to promote the progress of science 
and the useful arts. And the precise 
way Congress is to promote them is 
stated, namely : "by securing for lim
ited times to . . .  inventors the ex
clusive right to their . . .  discoveries." 
So, it is the fact that the exclusive 
rights are granted which promotes the 
progress of science and the useful arts, 
and not something the patentee is ex
pected to do after the grant is made. 
Once made, the grant, like any other 
piece of property, is something belong
ing entirely to the grantee. It is in
tended for his benefit and with it he 
may, as with "his horse or his grain, do 
just as he pleases. The patentee's ob
ligation to society is no greater, and of 
course no less, than the obligation of 
the holder of any other piece of per
sonal property. The patent is merely 
property he has bought by yielding the 
price specified by the Government. 

OF course, anyone so blind as to be-
lieve that human beings have al

ready attained such perfection that we 
can now thrive and progress without 
the stimulus of any private ownership 
at all will object to the private owner
ship of the patent right, and, since it 
seems easier to vilify this right as a 
"monopoly" than it is the correspond
ing monopoly in one's horse or his 
grain, it is natural that such a person 
should pick on patent property for 
propaganda purposes. 

Quite obviously, the right of any per
son in any private property does, to 
some extent, limit the freedom of 
others in conducting their business en
terprises (and in other ways) . If A 
owns a farm, B, of course, is not free to 
conduct an agricultural enterprise that 
would involve planting and cultivating 
A's acres. Just so, if A owns a patent 
on an invention, B is not free to con
duct a manufacturing enterprise which 
would involve the making and selling 
of A's invention. And most certainly 
in neither case is there any reason why 
B should be "free" to do such a thing. 
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The American idea of free enterprise 
is not that a man should be free with
out permission to do business with the 
property of others, but that so long as 
he respects the property and other 
rights of his fellow men he shall be 
free to conduct whatever enterprise he 
will, wherever he will, and for such 
time and in such way as he may choose 
-and especially that he shall be free, 
so far as possible, from interference by 
the Government. 

THE basic relation between patents 
and free enterprise is so simple that 

it can be stated in one paragraph. It is 
precisely the same relation as between 
any other private property and free 
enterprise. While a man's, or a com
pany's, ownership of private property 
is always in a true sense a monopoly of 
that property, and the control of it is 
often referred to as absolute, neverthe
less it is also always true that the use 
of such property, whether it be pat
ents, or grain, or horses, is subject to 
the general laws governing the use of 
property, as, for example, the anti-trust 
laws. And while, as already noted, 
private ownership of property is neces
sarily a limitation on the activities of 
others, it is also true that private 
ownership and a complete control of 
the property involved not only promote 
free enterprise but are almost essential 
to it. No one can have a really free 
enterprise based upon a farm or a 
grocery store unless he has complete 
control of the farm or the store, and 
the same is true as to patents. The 
ownership of patents and I,he complete 
control they give of the invention cov
ered are the cornerstones of hundreds 
of small enterprises in this country. 

To propose the destruction of useful 
property merely because it might be 
used as the subject of an agreement in 
restraint of trade, or otherwise in con
travention of law, is childish. That, in 
substance, is what some now propose 
as to patents. History indicates that 
oil is more likely to be used as the 
basis of combinations in restraint of 
trade than are alphabet blocks or 
tigers, but that is no reason for de
stroying or for denaturing the oil; and 
anyone who suggested that as the rem
edy would risk a trip to a clinic for 
mental observation. 

Experience shows that patents, like 
oil, contribute to the public welfare. 
Let them remain as they are and con
tinue their good work of promoting 
science and the useful arts. If owners 
of patents use them as the basis of 
agreements or combinations to get con
trol of things which the patents them
selves do not cover, the remedy is not 
to destroy the patent right but to en
force the anti-trust laws. 
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A i r-Cond i t i on i n g  F i s h  
Mec h a n ica l Means U sed to P rov i de Oxygen,  Keep 

Tem perature Low When Tra nsport ing Hatchery F i sh  

F .  WA L L A C E  TA B E R  

A RTIFICIAL rearing of fish fry has 
J-l. long been a constant headache to 
all concerned-not excluding the fish. 
Nevertheless, every state in the Union 
now rears fish fry for restocking de
pleted streams and lakes, some states 
boasting several million fry production 
annually; others only a few thousand. 
Nevada is in the latter category, but 
were she granted a handicap because 
of the many problems with which she 

Blower and motor 

must cope, she would undoubtedly be 
in the first rank. 

Fish require oxygen to live; lack of 
oxygen results in suffocation. Fish do 
not, however, utilize the 0 part of H20; 
they are not capable of breaking down 
the compound. The oxygen which fish 
breathe is that which has been dis
solved in the water. The dissolved oxy
gen is extracted by means of the haem
oglobin of the fish's blood, which 
comes into very close contact with the 
water as a result of the extremely thin 
gill membranes through which the 
blood freely circulates . Therefore, not 
all water is capable of sustaining fish 
life ;  fish must have oxygen dissolved 
in water to live. 

of physics that colder water has a 
greater capacity for dissolved oxygen 
than has warm water. The lower the 
temperature, the greater the potential 
oxygen carrying capacity; conversely ,  
the warmer the water, the smaller the 
dissolved oxygen carrying capacity. 
Therefore, it is desirable in transfer
ring fish aboard a truck not only to 
keep the water constantly aerated, but 
also to maintain a low temperature so 
that the water will take on the oxygen 
as it is passed through the liquid. 

In most states, when fish are trans
ferred from hatchery to wild streams 
and lakes, an ordinary air pump sup
plies the necessary aeration and a cake 
of ice maintains the desirable low tem
perature. Not so in Nevada! There the 
sweltering desert temperatures hover 
around l l S  degrees in the shade for 
days on end, and a cake of ice lasts 
about as long as the well-known snow
ball . Nevertheless, Nevada fisheries 
experts last year carried more than 
1 20,000 baby fish well over 2000 miles 
with losses so small as to be negligible. 

Machinery made possible this suc
cess .  l\![ounted on the back of a truck, 
a pump driven by a one horsepower 
engine circulates water through the 
fish tank. In operation, water is drawn 

from the bottom of the tank and dis
charged with considerable force from 
small spray jets spaced along a com
mon delivery line. The tank is com
pletely covered with a tight-fitting lid 
into which is cut a slot-like opening in 
the rear part of the cover. A funnel
like ventilator situated forward on the 
cab collects air when the truck is in 
motion, passes it through the spray of 
water, to be finally exhausted through 
the opening in the rear of the cover. 
Not only does the continual breeze ade
quately aerate the falling water but at 
the same time the evaporation thus 
brought about is sufficient to keep the 
water several degrees below the atmos
pheric temperature . On one trip of a 
hundred miles with the air temperature 
oscillating between 1 1 2  and 1 1 4  de
grees, Fahrenheit , spring ' water with an 
original temperature of 77 degrees 
gained but a single degree over the 
entire trip . A tank of water similarly 
treated, but minus the ventilator, 
jumped from 77 degrees to nearly 90 
during the first hour of running. Need
less to say, the bass fry in this check 
tank were all dead long before the des
tination was reached. 

A SECOND method of aeration is now 
being tried because of the difficul

ties encountered when the truck has to 
stand idle with the fish on board . In 
such a condition there would naturally 
be no air circulation. In these experi
ments a blower of the squirrel-cage 
type is mounted above the motor and 
connected by a belt to the motor shaft. 
The blower is in turn cOhnected to an 
air duct that leads the air into the 
spray chamber above the water. 

This mechanical method of forcing 

It is likewise a well-known principle pump prod uces water spray 
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the air through the spray has the ad
vantage of cooling the tank water while 
the truck is at rest as well as when the 
truck is traveling along the highway. 
It also produces a uniform air flow 
throughout the spray chamber at all 
times, while the flow of air introduced 
by the funnel mounted on the cab 
varies with the velocity and direction 
of the wind and the speed of the truck. 

Ralph H. Olson, inventor of this 
cooling system, tested the apparatus 
during last July and August . the hot
test season on the desert . Some 15 ,000 
miles were chalked up under the most 
adverse desert conditions, with tem
peratures often ranging up to 120 de
grees in the shade. During this time 
800,000 bass and blue-gill fry were car
ried through in fine shape. "The fish 
arrived at their destinations just as 
lively, if not more so, than when they 
left the hatchery," Mr. Olsen said . 
"Some of the trips we.re as far as 600 
miles one way, yet I have never used a 
single pound of ice even though the 
trips are often made during the heat of 
the day."  

• • • 

OZO N E  

Sti l l  M u ch to be Learned 

About its Effects 

CHEMISTS are reaching a better under
standing of the toxic effect of ozone on 
humans, concerning which there has 
been a surprising lack of agreement 
among investigators, according to Clark 
E. Thorp of Chicago, industrial chem
ist, in a report to the Americal Chem 
ical Society . 

Ozone, a faintly blue form of oxygen 
which is present in minute amounts in 
the atmosphere and is encountered in 
many phases of modern electrified in
dustry, is formed in practical quantities 
by spark discharges and by ultra-violet 
rays . Spark discharges also form nitro
gen oxides from air. Tests reported by 
Mr. Thorp show a large difference of 
toxicity between pure ozone and ozone 
containing nitrogen oxides. 

"Ozone free of oxides of nitrogen is 
non-toxic in concentrations below :il0 
parts per million ."  Mr. Thorp says. 
"Ozone containing 47 percent nitrogen 
oxides has bactericidal properties . 

"Ozone plus nitrogen oxides may be 
more toxic than nitrogen oxides alone 
and should be investigated further. The 
variance of opinion to ozone toxicity is 
probably due to results obtained with 
ozone containing varying amounts of 
nitrogen oxides ." 

Two hundredths of one part of pure 
ozone per million can be detected only 

by chemical analysis, but five-hun
dredths of a part per million is detect
able by a keen sense of smell. One 
tenth of a part per million of pure ozone 
results in an easily detectable, but not 
unpleasant, cloverlike odor . 

At one part per million, the odor still 
is not unpleasant , although continued 
exposure became annoying to 25 per
cent of those tested . Exposure of seven 
hours a day for five days did not cause 
irritation of nose and throat . 

Three parts per million of pure ozone 
has no killing power on coli (bacteria) 
in water, or on bread mold spores in 
air; nor has ten parts per million any 
effect on mice after six hours' expo
sure. Fifteen parts per million bubbled 
through a representative sample of 
algae, tiny tree plants growing in water. 
for one hour had no noticeable effect; 
after six days the algae had tripled in 
growth.  

Four hours' exposure to air contain
ing :il0 parts per million of pure ozone 
did not affect mice, nor produce sore
ness of nose or throat in humans. But 
80 parts per million caused coma in 
mice after five hours' exposure, though 
coli were not killed. The mice revived 
when subjected to normal air. Five 
hours' exposure to 50 parts per million 
killed mice, but this proportion used in 
six hours' aeration of flour did not kill 
any weevils or affect larvae. 

One hundred parts per million of 
pure ozone were lethal to mice in one 
hour, and a one-minute exposure of hu
mans resulted in dried skin, severe sore 
throat . One hundred parts per million 
also killed 20 percent of the coli in water 
containing 500 coli per cubic centimeter 
with one hour of aeration per liter . 

The effect of impure ozone, containing 
47 percent oxides of nitrogen and 53 per
cent ozone, was quite different. Accord
ing to parts per million, the following 
observations were reported :  one-hun
dredth of a part per million-threshold 
for keen smell; two-hundredths-easily 
detectable to people; five-hundredths
odor objectionable to some people; one
tenth-acid odor highly objectionable, 
causing sharpness in throat. 

One part per million, the limit at 
which a test was made on humans
produced headache after two hours and 
sore throat after three hours; three 
p .p .m .-kills all coli in water when coli 
number less than 220 to the cubic cen
timeter, five hours' aeration per liter; 
five p.p.m.-kills all coli in water when 
coli less than 1 ,000 per cubic centi
meter, five hours ' aeration per liter. 

Ten p .p .m .-lethal to mice in five 
hours' exposure; 15 p .p .m.-kills algae 
after ten minutes' bubbling through 
water, and algae did not grow again in 
the water; 30 p.p.m.-kills all coli in 
water when coli less than 1 ,000 per 
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cubic centimeter, five minutes' aeration 
per liter; 50 p.p.m.-kills flour weevils 
and 80 percent of larvae after 80 min
utes' aeration through flour, turns flour 
light brown in color. 

"The toxic limit for nitrogen oxides 
has been determined to be 2 .8 parts per 
million by weight," Mr. Thorp says. 
"The toxic limi t for ozone containing 47 
percent nitrogen oxides is shown in this 
report to be only 1 part per million, 
which would be the equivalent of about 
0.5 part per million for the oxides of ni
trogen. The presence of ozone evidently 
increases the toxicity of nitrogen oxides 
to a considerable degree. Although it 
would require a comprehensive physio
logical test on humans, this action 
should be investigated further by some 
one equipped to carry out such re
search." 

Each molecule of pure ozone has 
three atoms of oxygen. Used commer
cially for sterilizing water, purifying air, 
and bleaching, ozone is one and a half 
times denser than ordinary oxygen gas. 
It is created every time a silent electric 
discharge goes through a current of oxy
gen or air. 

• • • 

GAS O L I N E-Motor fuel for highway 
use, reported in these pages in our 

February issue as total ing 22,000,000 
gal lons in  1 940, should have been 
placed at 22,000,000,000 gal lons.  

• • • 

S PO RTS EQ U I PM ENT 

M ust be Conserved 

" For the D u ration" 

AT the recent National Sportsmen's 
Show in New York (also at numerous 
others held throughout the country) 
exhibitors generally cautioned sports
men to treat their equipment kindly 
and thereby help win the war. Before 
long the shortage of metal, rubber, 
cork, and other materials will be very 
evident. One material which must be 
conserved is wool, for it is used not only 
for clothing, but to a very large extent 
in felt, and felt is utilized to a greater 
degree in sports goods than the average 
person realizes. Its application ranges 
from boot and moccasin linings to 
shoulder pads for hunters and heavy 
fishing tackle harness, archery arm 
guards and targets, camping equipment. 
In motor boats and airplanes it is em
ployed to absorb vibration; it is used 
for canoe and boat seat cushions, hel
mets for participants in speed events 
on land, air ,  and sea, and so on. It 
finds its way into skiing outfits and 
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many other sports costumes and acces
sories , golf club grips, and hundreds of 
other items . 

Variable cushioning properties make 
felt an ideal shock absorber. For ex
ample, in a baseball catcher's mitt felt 
with non-resilient qualities must be 
used; otherwise the ball would bounce 
out of the palm. And yet, for various 
other purposes, high resiliency is called 
for, as in helmets, tumbling mats ,  bas
ketball knee-pads and so forth. Thick 
felt insoles are unsurpassed in cases 
where boots are too large, especially 
when long hikes are in prospect. These 
insoles can be cut with scissors to give 
maximum foot comfort. 

O I L  TRANS PORT 

On the M ississippi Will  Reach 

200 M i l l ion Barrels in 1 942 

N EARLY 200,000,000 barrels of crude 
oil and petroleum products will be 
moved on the more than 5000 miles of 
the Mississippi Waterways System to 
inland refineries and markets in 1 942, 
helping to relieve the railroads now 
when they are so burdened, and when 
tank cars are needed in unprecedented 
numbers for West Coast .and East Coast 
services to replace tank ships. 

The increase in the movement of pe
troleum on the inland waterways has 
been phenomenal, according to authori
tative reports .  The estimated 1 942 total 
will be more than four times the less 
than 50,000,000 barrels moved in 1933.  
Not only has transportation on the 
main waterways increased spectacularly, 
but new oil ports, such as Miimeapolis
St. Paul, have been opened up within 
the past two or three years . Prior to 
1 939, scarcely any petroleum moved 
into the Twin Cities by water. 

Petroleum moves in barges out of 
all the great oil ports on the Gulf of 
Mexico, from Corpus Christi to New 
Orleans, up the Mississippi to the Mis
souri , the Illinois ,  the Tennessee, the 
Cumberland, the Ohio, the Allegheny, 
the Monongahela, and the other navi
gable rivers in the system. On the Ohio 
and Monongahela, barge-borne petro
leum is transported from the south
west to ports 1 00 miles above Pitts
burgh. On the Kanawha, petroleum 
reaches Charleston, West Virginia. Us
ing the Illinois River and canal , ship
ments from the Gulf of Mexico can 
enter the Great Lakes waterways sys
tem . Up the Missouri petroleum moves 
to new terminals in Iowa and Ne
braska. 

The number of river-side oil . terminals 
on the Mississippi system has grown 
tremendously . At the end of 1 94 1  there 
were listed 252 terminals at 135 points 
in 1 7  states. Two years before, in 1939,  
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only 160 oil terminals were reported . 
The terminals are of all sizes, some of 
the most modern providing storage and 
terminal facilities for more than 5 ,000,-
000 gallons of petroleum products .  

Nearly one fourth of  the country's 
entire refining capacity is concentrated 
along the Texas and Louisiana Gulf 
Coasts, from which the inland barge 
movement gets most of its supplies . 

TU B I N G  

For Electrical I nsu lation 

is Strong. Flexible 

A N E W  tubing with excellent resistance 
to brittleness down to -50 degrees, 
Centigrade, has been developed by the 
Irvington Varnish & Insulator Com-

Can be tied in knots 

pany. This transparent tubing, known 
as Transflex, was made especially to 
secure continued, effective insulation 
on aircraft flying at high altitudes; it 
has already been utilized by such com
panies as Douglas Aircraft and Cur
tiss-Wright . However, its toughness and 
rubber-like qualities make it useful for 
a variety of other industrial and elec
trical applications. For example, the 
transparency of Transflex permits quick 
location of wire breaks and ready 
identification of wires which have been 
snaked through it. 

Transflex is a Fibronized tu bing 
available from size No. 14 to � of an 
inch inside diameter; it is extremely 
flexible, as shown by the accompanying 
photograph. Its tensile strength is 3000 
pounds per square inch. Its dielectric 
strength (conducted on a tubing with 
a wall thickness of approximately .020 
of an inch) is 850 VPM when dry and 
815  VPlVI when wet . Water absorption 
is 0.4 percent in weight after 24 hours 
ImmerSIOn. 

U S E F U L  PLANT 

Bamboo Can Supply 

All  H u man N eeds 

W HAT is the most universally-used 
plant that grows? Is it, as many have 
stoutly maintained, the coconut palm ? 
Or sorghum, maize, sugar cane, or pea-

nut ?  No, not one of these, according 
to Dr. Willard M. Porterfield, Jr. ,  of the 
United States Soil Conservation Serv
ive. It is bamboo. 

There is not a category of human 
needs which cannot be supplied by some 
form of product of bamboo, declares Dr. 
Porterfield . Food, weapons, shelter, im
plements, clothes, furniture, baskets and 
containers, bridges, conduction pipes, 
paper, cable, ornaments, and many very 
specialized articles are made from it . 

The Forest Research Institute of 
Dehra Dun in India believes that the 
final solution of the world's recurring 
shortage of raw material for paper will 
only be found in the forest and waste 
lands of the tropical and sub-tropical 
belts, with bamboo the most important 
product. 

Bamboo has figured largely in the 
past history of Asiatic and many trop
ical peoples and has been the subject of 
artistic rendering in all the arts .  The fa
mous Bamboo Books, containing more 
than 100,000 seal characters,  comprising 
15 different works dealing with the his
tory of China for 2200 years, were writ
ten on tablets made of bamboo which 
were strung together like a fan. 

To bring the uses of bamboo up to 
date, a bamboo basket has been de
signed and used by the Chinese to pro
tect their most important buildings 
from Japanese air raiders. According to 
W. R. Peck, Counsellor of the United 
States Embassy, Chungking, China, the 
Chinese construct a three-story bamboo 
framework atop buildings and load all 
three floors with cut bamboo. When a 
bomb hits, it is harmlessly detonated 
before it reaches the building itself.
Science Service. 

ROAD-RAI L 

Vehicle for U se in  

Explosives Plants 

A SPEEDY motorized vehicle which 
rolls on rubber tires on the highway 
or on a railroad track, IS being used 

At home on road or rail  
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How A Big Business Man Appears To His Wife 

" TOOK at him over there, grinning 
L to himself ! Strange how little a 

man can change in fifteen years ! The 
big boss one minute- and like a little 
boy the next ! 

. 

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

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

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

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

"Of course, he's  just as modest as 
he ever was . He'll tell you he got the 
breaks, but I know better. He got the 
breaks because he'd learned how to 
grasp them when they came. He's really 
smart- and so was I when I said 'I do'. 
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to a little boy turned man ! "  
• • • 

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

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

Please mail me without cost a copy of 
" Forging Ahead in Busines s . "  

Name . . 

Business 
Address · · · ·  . . . . . . . . . . . . . • . . . . . . . . . . . . . . • . . . . . . 

I I I . . . . . . . . . . . . . . . . . . . . . . . . . . . .  , . . . . . . . . . . . . . .  I I I Position . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . I 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - � 
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to eliminate some of the hazards in 
the IIl.Ovement of explosives at arsenals 
and powder depots. Called the "Auto
Railer," the vehicle employs special 
rubber tires, developed by The B. F.  
Goodrich Company, which work in 
conjunction with conventional flanged 
guide wheels for operation on railroad 
tracks. Designed and manufactured by 
the Evans Products Company, the 
Auto-Railer has a top speed forward 
or reverse of 60 miles an hour, either 
on highway or rail, and, thanks to the 
windshield-wiper action of the non
skid treads, it can be stopped as quickly 
on the rails as can 4 modern automo
bile on the road. 

The transition from highway to rail 
takes but a few seconds .  The mil as
sembly is operated by a hydraulic j ack, 
controlled from the driver's seat, which 
lowers or raises the flanged steel guide 
wheels.  On the rails, the rubber tires 
bear a portion of the load normally car
ried entirely by the flanged rail wheels .  

Weighing 8750 pounds, and capable 
of carrying 3000 pounds of explosives, 
the vehicle is completely spark-proofed,  
with exterior wiring throughout, while 
the cushioning properties of the rubber 
tires eliminate jolts and jars. 

Several of the vehicles are already in 
use at one of the Ordnance Depart
ment's bomb and shell loading plants 
in Ohio, and more units are in manu
facture for use in other arsenals. 

PSYC H I C  RESEARCH 
• Sc:ientific: Americ:an,  in  c:ol labora
tion with The U n iversal Counc:il  for 
Psyc:hic: Researc:h, offers $ 1 5 , 000 to any 
medium who can produc:e a s piritistic: 
effec:t or a s u pernatura l manifestation 
under the rules and regU l ations pub
lished on page 2 1 0 of our April 1 94 1  
issue. Further reports o f  T h e  Scientifi c: 
Americ:an Comm ittee for the I nvestiga
tion of Psyc:hic Phenomena wil l  be pub
l ished in  forthc:oming issues • •  

R E PA I R  K I T  

For N icked and 

Scratched Furniture 

WrTH the proper materials available, 
enterprising householders can, with but 
li ttle practice, restore marred furniture 
surfaces to the appearance of the origi
nal condition by removing scratches, 
filling in nicks, dents, gonges, and so on. 

A new furniture finish repair kit, 
just announced by the American 
Household Bureau , contains every 
essential material and piece of equip
ment necessary to turn out profes
sional-looking repair jobs quickly. 

This new kit contains an assortment 
of shellac sticks, bottles of light and 
dark stain, shading lacquer, alcohol 
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lamp with fuel , spatula, scratch stick, 
liquid penetrating scratch polish, steel 
wool, felt rubbing pad, shellac rubbing 
liquid, sandpaper, and touch-up 
brushes . These materials and equip
ment make it possible to repair any 
finely finished furniture surface ll1 a 
matter of a few minutes time. 

• • • 

MAN M A D E-Hardly a single c:ompon-
ent of an airplane or the fuel it  

burns or the oi l  whic:h lubric:ates it or 
the l iquid whic:h c:ools its engine is a 
simple,  natural produc:t; even the 
metals of whic:h it is in  part c:on
struc:ted have been so c:hanged by sci
entific: researc:h that metallurgists of 
20 years ago wou ld not have known 
them. 

• 

WI N C H ES 

Pu l l  Army Cars 

Out of Trouble 

• • 

H ALF-TRAcs of the United States 
Army are designed to go where no 
other vehicles except tanks will go. 
This means that the reconnaissance 

Hard to sto p ;  hard to stic:k 

units and personnel carriers will go 
through mud and water as well as 
across the roughest kind of terrain, not 
excluding trenches and shell holes. 
However, there is a type of ground 
which is closely akin to quick sand
a surface so fluid that any vehicle, even 
with tractor belt support,  will sink. In 
order to take care of such conditions, 
the new Half-Tracs designated for 
quick-sand territory are being equipped 
with sturdy winches which drive from 
the transmission. These winches are 
used not only to help pull the vehicles 
out of difficult places, but for any other 
purpose requiring a winch. 

The winch on Half-Tracs made by 
White Motor Company is mounted o� 

the front so . as to be more quickly 
available . In this handy location it is 
always ready for action . .  The vehicle 
can be headed in wherever direction 
the winch is needed and it is never 
necessary to unload the Half-Trac in 
order to use the winch, as would be 
necessary if it had a body location. 
With this equipment. the Half-Trac is 
ready for any eventuality and becomes 
a vehicle of even greater · utility. 

PI ERC I N G  FOG 

Yellow Lenses H o l d  

N o  Advantage 

T HAT yellow light is no better at 
piercing fog than the light of an ordi
nary tungsten lamp is shown by experi" 
ments recently carried out by Dr. Mat
thew Luckiesh, research physicist and 
Franklin medalist, and L. L. Holladay, 
of the Lighting Research Laboratory of 
the General Electric Company, Nela 
Park, Cleveland, and reported in the 
Journal of the Optical Society of 
America. 

The so-called fog-lamps,  consisting of 
yellow lenses which absorb fronl 20 to 
35 percent of the tungsten-filament 
light, must contribute something to the 
seeing to offset the loss due to less 
light. No satisfactory tests have been 
published, but the present investigation 
makes it more than unlikely that they 
have any advantage. Similar fog-pierc
ing claims have been made for the new 
sodium lamps. In this case there is no 
loss of light by colored filters, for the 
light is inherently yellow and prac
tically monochromatic.  Yet even this 
lamp showed no significant superiority 
over the tungsten lamp in fog-penetrat
ing qualities . 

The two lamps of equal intensity 
were tested side by side in clear 
weather, moderate fog, dense fog, mist, 
and snow. They were tested by day 
and by night. Also, a pair of lamps of 
low intensity and a pair of high inten
sity were used. Many experienced ob
servers made many readings on a 
Luckiesh-Moss visibilitv meter at a 
distance of 1 000 feet . 

. 
No significant 

differences showed in the averages. 
The report explains that the fog

penetrating power of a light does in
deed depend on its color or wavelength, 
as has been generally known. Thus, 
blue light, which is of short wavelength, 
penetrates fog less than red light , which 
is of long wavelength. The sodium 
lamp emits yellow light that is prac
tically of a single wavelength. This 
wavelength is about midway between 
those of the red and blue lights. Hence 
the fog-penetrating power of the sodium 
light is just about middling. 

The white light of the tungsten fila-
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Men ) 
in the ( 
Armed Forces ) 
-Soldiers, Sailors, Marines-

As a gesture t o  those hundreds o f  thousands of 
American men who have severed their home 

and business ties to do their part in building up 
the Army, Navy, and Marine Corps of the United 
States, Scientific American is making a special offer 
of half-rate subscriptions when mailed to members 
of our armed forces. 

Keep the boys informed of the happenings in 
Science and Industry which are so important to our 

present-day economy, and which will be doubly 
important to them when they return to civilian life. 
Send us the names and addresses of those members 
of the services to which you want the magazine 

* 

* 

* 

Would Appreciate a 

Gift Subscription to 
Scientific American 

sent, enclosing only $2 for each one (regular sub
scription price is $4 a year) and we will mail 
Scientific American regularly to each one of them 
for a period of 12 months. 

There is a constant call for reading matter from 
all branches of the service. Here is your chance 
to make life a little happier, a little fuller, for the 
boys by sending them the one magazine that gives 
them accurate and authentic information on pro
gress in a wide range of fields. Just fill in the 
coupon below (use a separate sheet if you need 
more room) and send it to us with the correct remit
tance. We will do the rest. 

R EM E M B E R :  This special ha lf-price offer is good 
only for subscriptions to be entered in the name 
of service men, when sent direct to us. - - - - - - - - - - - - - - - - - - - - - -

Circulation Department 
Scientific American 
24 West 40th Street, New York. N .  Y. 

I am enclosing $ .  . . . . . . Please enter subscriptions for the ser
vice men listed below at your specicd price of $2 per year for 
members of the armed forces of the United States. 

Name . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . Name . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 

Address . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 
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Address . . . . . . . . . . .  ; . . . . . . . . . . . . . . . . . . . . . . . . . .  . 
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THE WORLD'S MOST HONORED WATCH' 

�ongines provides wa tches in a wide 
varie ty of s tyle b u t  in a single variety 
of q uality .  Every Longines Wa tch is 
made to one standard that is world 
recognized for grea ter accuracy and 
long life, and time- tes ted by 76 years 
of use. The excellence and elegance 
of Longines Wa tches have won the1Tl 
10 world's fair grand prizes, 28 gold 
medals and more honors for accu
racy than any o ther timepiece. 
Longin es-Wittna uer jewelers show the 
new Longines Wa tches; also Wit tna uer 
Wa tches, a companion line of moder
a te p rice from $29.75-pro d u c t  of 
Longines- Wit tna uer Wa tch Company. 
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ment contains all the colors from red 
to blue. It is true that the blue rays 
are cut down by the fog, but the re
maining red rays have a fog-penetrating 
power superior to the yellow light of 
the sodium lamps. This evens the score . 

Has Appetite of 25 
Tons A Day 

T WEXTY-FIVE tons of  steel is the daily 
dish of this whale-like machine in the 
metal conservation department of the 
Westinghouse Electric & i\lanufactnr-

Five-inch-thick metal at  a bite 

ing Company. 'Vhen parts of motors, 
generators, and other electrical ma
chines are punched out of steel sheets ,  
many odd-shaped pieces are left . Fed 
to the furnaces of steel mills,  this scrap 
again becomes usable steel valuable to 
the nation's war effort . But because the 
scrap is worth $3 a ton more if cut into 
sizes that fit easily into the furnaces . it 
goes first to the "scraphouse whale"-a 
great shearing machine driven by a 50-
horsepower motor. This mammoth shear 
bites off chunks of five-inch-thick metal 
as easily as scissors snip a piece of 
paper. Each month it helps salvage 
enough steel to build 30 medium Army 
t anks-one a day. 

D O U B L E  C H EC K  
On I nsecticide Revea l s  

U nwa nted Features 

INSECTICIDE chemists of the L'. S. De
partment of Agriculture ha\'e a con
tinuing program of trying to find new 
and better insect poisons. What they 
seek are new chemicals that ,  on the 
one hand, are deadly to insects and, on 
the other , are not harmful to humans. 

They first synthesize new compounds 
which entomologists then test on in
sects .  If results are promising, a stock 
of the material is sent to San Francisco 
where the Bureau of Agricultural Chem
istry and Engineering and the Stanford 
University School of Medicine co
operate in maintaining a pharmacology 
laboratory to find out whether new 
poisons are safer than the poisons they 
would displace. 

Entomologists are working particu
larl�' to find safer substitutes for the 
lead, arsenic, and fluorine poisons now 
1n use. 

Recent experience with the one new 
poison. reported by Bureau scientists 
Wilson, DeEds, and Cox in Cancer Re
search. illustrates how this protective 
research operates . A compound called 
"2-acetaminofluorene" tested well as an 
insect killer . At the Stanford labora
torT heavy single doses were not harm
ful to rats and rabbits .  The animals 
eliminated the poisons . So far, so good! 
But it  turned out that with lighter 
doses in the food day after day, the 
growth of the animals was checked and 
they sickened and died within 1 00 days. 
�ot so good! 

To make the test even more thor
ough, the dose was reduced until it did 
not check growth-and the result was 
even less favorable. After continued 
feeding for from five months to a year 
it was discovered that even minute 
doses were causing cancer in many of 
the rats .  When this report came back 
to vVashington, the work with this new 
insecticide was dropped . Entomologists 
are not much interested in a pOlson 
that might cause cancer-no matter 
how effective against insects .  

• • • 

P R E FABRI CATED - The " 'monocoque" 
engineering principle of airplane con

struction is now being employed in pre
fabricating houses. By this method the 
walls are glued to the fra m ing mem
bers and become stressed cove.rs carry
ing part of the weight burde.n. 

• • • 

I C E  G HO STS 

D ifference Between Sol ids  and 

Liquids is  Not Sharp 

GHOSTS of ice lurk in water melted 
from water that has been frozen, and 
other liquids have some slight residual 
structure which is like a vague recol
lection of a former crystalline solid 
state. 

This finding of science was reported 
by Dr. ,John G. Kirkwood, professor of 
chemistry at Cornell University. in a 
lecture under the auspices of the So
ciety of the Sigma Xi , t he national fra-
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ternity for the promotion of scientific 
research. 

When a solid melts, Dr. Kirkwood 
explained , the long-range crystalline 
order, that extended throughout the 
whole mass of the solid, disappears 
completely, but some trace of the short
range local organization persists .  Each 
molecule in the liquid tends to retain a 
smaller or larger group of its former 
neighbors about it.  

The description of liquids as mobile 
and formless, and of solids as rigid and 
resistant to any attempt to deform 
them, is not a satisfactory distinction . 
Glasses and other vitreous substan�es 
are to be regarded as under-cooled I 
liquids-liquids that have solidified 
without crystallizing but which under 
different circumstances would have 
crystallized . These have strength and 
rigidity, while true crystalline solids 
may exhibit creep and plastic flow at 
elevated temperatures. 

Liquids and gases are qualitatively 
similar in structure and the qualitatiye 
distinction vanishes entirely above the 
critical point. Both possess a certain 
degree of local order. C rystalline solids, 
on the other hand, possess a high de
gree of structural order extending oyer 
wide domains. 

Only at the absolute zero of tem
perature is an ideal crystal, possessing 
complete orderliness. possible.  As the 
temperature is raised, various types of 
disorder set in, until at last the crystal
line structure is disrupted and fusion 
begins.  

M O LD I N G  

O f  Pl astic. For 

Use With Linoleum 

F O R  use with conventional linoleum 
and with the wall-lining material des
ignated as Linowall , a new line of plas
tic trim has been introduced by the 
Armstrong Cork Company. Included in 
the line are binding strips, cap strips . 
inside and outside corners, and right 
and left-hand end stops. Corners and 
end stops have floor and wall flanges 
which extend behind the linoleum to 
anchor them in place. Installation is 
said to be simple and 

'
the units are 

available in a range of colors to har
monize with shades of linoleum .  

M I M A M O U N D S  

Curious "Geolog ical" Formations 

Turn Out to be Artificial 

T HE origin of "J\'[jma mounds ,"  large 
oval-shaped structures which dot the 
prairies of western \Vashington, and 
have long puzzled geologists , was ex-

plained recently by Dr. WaIter W .  
Dalquest o f  the University of Wash
ington and Dr. Victor B. Scheffer of 
the United States Fish and Wildlife 
Service of Seattle, who gave the solu
tion in the Journal of Geology ( Chi
cago) . 

According to the scientists named, 
the mounds, some as large as 40 feet 
across, were formed over a period of 
thousands of years by generations of 
pocket gophers . 

The :Mima mounds-so named from 
Mirna prairie in Thurston County, 
\Vashington, where the mounds are 

WITH you , as with us, defense comes first, 
Our output of optica l In
struments is being rapidly 
Increased to meet the de
fense emergency. We wUl 
endeavor to give our cus .. 
tomers the best service 
possible under existing cir
cumstances, and ask your 
sympathetic cooperatIon. 

largest and most numerous-were first 
discovered a century ago. Since that 
time geologists have believed them to 
be formed by geologic processes . 

The mounds,  round or oval in shape, 
are ten to 40 feet in diameter and one 
to seven feet in height . They are formed 
of loose dirt and gravel . Thousands 
are found scattered through western 
Washington, giving the impression of 
huge spheres nearly buried in the earth. 

The pocket gophers which formed 
the mounds migrated into western 
Washington shortly after the last gla
cial period when the outwash prairies 

The Stra nge Case of T h e  I nv i s ible Evidence 
DEATH had struck i n  the n ight. 

A fleck of copper on the suspect's knife 
was the only clue. B u t  with this trifling bit 
of evidence alone, criminologists using the 
JP�clrograph were able to prove that the knife 
had cut copper. By the percentage of con
stituents and impurities present, they identi
fied that fleck as having come from that 
specific telephone wire. The case was solved
a murderer convicted . 

Dramatic as has been the record of spec
t rography in criminology, such spectacular 
feats are dimmed by the everyday accomplish
ments of spectrographers working in science 
and industry. 

With spectrographic equipment, metallur
gists develop and control the metal alloys 

now so vital to our national defense. In the 
food and chemical i ndustries, spectrography 
stands guard against contamination and adul
terating impurities. 

Today, B ausch & Lomb opt ical instru
ments provide science, industry and educa
tion with the precision tools of their trade . 
The eighty-eight years' experience of Bausch 
& Lomb serves America i n  the development 
and manufacture of fine optical equipment, 
not only vital i n  national defense but also 
essential in normal, everyday living. 

BA U S C H  & L O MB 
OPT I C AL CO . •  ROC H E STER. N EW YORK 

ESTA B LI S H E D  1 8 53 

AN A M E R I C A N  S C I E N T I F I C  I N S T I T U T I O N  P R O D U C ( N G  O P T I C A L  G L A S S  A N D  I N ST R U M E N T S  
F O R  N AT I O N A L  D E F E N S E ,  K D U C AT I O N .  R E S E A R. C H . I N D U S T RY A N D  E Y E S I G H T  CO R R E CT ! O N . 
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WORTH WAITING FOR- For many yells, 
sport Joving Americans have turned to 
Wollensak for these fine glasses . . . . .  
Today the United States is calling for 
Wollensak-made instruments - and your 
Government's needs are being filled above 
all else. So in the mon ths ahead you may 
have to wait for your new glass, but when 
you do get it you'll find a "Wol lensak" 
worth waiting for. 

THE EDITORS RECOMMEND 
Best Sellers 
in Science 
F I R E  F R O M  T H E  A I R-By 
J .  Enrique Zanetti. Pertinent 
facts regarding incendiary 
bombs. ,History, modern types, 
materials,  and the strategy and 
tactics of their use in modern 
w arfare. $.60 

ATO M I C  A RT I LLERY-By John Kellock Rohertson. Elec· 
trans, protons, positrons, photrons, neutron s ,  and cosmic rays, 
all described for the layman in plain language. Also transmu� 
tation of the elements and the manufacture of artificial radio
activity. $2 .35 

P R O C E D U RES IN EX
P E R I M E NTAL P H Y S I C S 
By John Strong, Ph. D .  A 
wealth of useful data of a prac
tical kind for the constructor, 
experimenter, and skilled crafts
man. $6,80 

S C I EN C E  E X PE R I E N C E S  
W I T H  H O M E  E Q U I P M E N T  
- B y  C.  J. Lynde. A book oi 
200 simple home tricks based 
on physical laws, each expcri· 
ment being illustrated and its 
principle explained. $1 .45  

F O O D  A L L E R G Y .  H o w  anyone c a n  work 
out a diet to fit individual needs, and thus 
avoid digestive upsets and hidden allergies. 
Dr. WaIter C. Alvarez, Mayo Clinic, is editor
in.chief. $1 .00  

B O M B S  A N D  B O M B I N G-By Willy Ley. 
A fairly technical account of the things that 
every civilian should know about bombs, their 
action and methods of use. Contains 1 2 1  pages, 
with a few iIluEtratioll::. $ 1 . 3 5  

T H E  E N G I N E E R ' S 
S K E T C H  - B O O K  OF ME
C H A N I CA L  M O V E M E NTS 
-By Thomas Walter B arber. 
Working drawings of practi
cally every conceivable move
ment, device, appliance, and 
ccntrivance employed in the de
sign and construction of ma
chinery for every purpose. 
Nearly 3 0 0 0  illustrations. $4.35 
P R O C E D U R E  H A N D B O O K  
O F  A R C  W E L D I N G  D E
S I G N  A N D  PRACTICE -
Lincoln Electric Co. Sixth 
edition of a famous book cov
ering every phase of arc weld
ing in detail. Limp leather
ette, 1 1 1 7  pages, several thou· 
sand illustrations. I n U. S.A. 
$ 1 . 5 0 ,  Elsewhere $2.00 

T he  above prices are  postpaid in 
the  United States. Add, on 

foreign orders, 2 5 c  f or  postage 

on each book, except as noted. 

A M A R R I A G E  M A N U A L
By H annah M. Stone, M . D . ,  
a n d  Abraham Stone, M .  D .  A 
practical guide to sex and 
marriage, covering fitness for 
marriage, mechanism of repro
duction, prevention of concep
tion, and similar vital subjects. 
Answers questions most often 
asked these authors by their 
consultants. $2.60 

T H E  C O M P LETE G U I D E  
T O  S O I L L E S S  G A R D E N
I N G-By Dr. William F. 
Gericke. The man who in
vented soilless gardening has 
prepared this comprehensive 
and authentic guide covering 
all phases of this fascinating 
work. For amateur and pro
fessicnal. $ 1 .95  

TEXTB O O K  O F  C H E M I �  
T R Y-By Albert L. Elder. 
Recommended to those ""ho 
have formerly studied elemen
tary chemistry and find need 
for a refresher book \vhich will 
also bring them up to date in 
the ever-advancing field of 
chemistry. Last chapter gives 
a pre-view of organic chemis
try. $3.85 

S U P E RS O N I C S-By Prof. R.  
W. Wood. A great deal  of  
data on science of inaudible 
sounds, their every aspect, 
physical and biological, by a 
noted physicist-inventor. Has 
bibliography of articles 011 sub
ject: in many j ournals. $2. 1 0 

Order from 
SCIENTIFIC A_MERICAN 

24 West 40th Street New York, N. Y. 
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produced by the melting glaciers were 
quite smooth. The process of contin
ual burrowing, which loosened the soil 
and stimulated the growth of vegeta
tion near the burrow, gradually pro
duced the mounds . 

The theory is strikingly confirmed by 
the fact that large rocks, too heavy to 
be moved by gophers ,  are found at the 
base of each mound . This results from 
the fact that gophers burrow around 
and beneath large stones, permitting 
them to settle . 

Previous attempts to explain the 
mounds include the theories that they 
were formed by the thawing and freez
ing of water, by the activity of ant s ,  
and by ancient Indian tribes . 

PH O N E  H O L D E R  

Perm its Free Use 

Of Both H a nds 

for writing or
ders, thumbing through files, and so 
on, while using the telephone, by the 

"Shoulder - phones !" 

use of the Phone Ease attachment il
lustrated in one of our photographs. 
This unit , made of molded rubber, fits 
over the telephone and snaps into place. 
It forms a shoulder support for the 
phone when in use, yet rides in the clear 
in a vertical position when the tele
phone is returned to its cradle . 

F I R E  ALARM 
Detonates B lank Cartridges 

To Warn Of B laze 

A SIMPLE fire-alarm unit which re
quires no electric wiring of any kind 
is designed to be hung on walls in areas 
where fire may occur.  When the air 
temperature surrounding the unit 

248 SCIENTIFIC AYIERICAN • YIAY 1 942 



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

reaches 160  degrees, Fahrenheit ,  sensi
tive fuses release firing pins which ex
plode two blank cartridges. Through 
a delayed actioll. built into the unit the 
second cartridge is fired a few seconds 
after the first.  The first report serves 
to awaken even the soundest sleeper 
while the second adds to the realization 
of danger and aids materially in locat
ing the fire. 

The blank cartridges are inserted un
der the threaded bases of the two firing
pin housings that are attached to the 
main body of the unit . They are easily 
replaced after being fired . 

STO PS DRI P 

Cork Coating For 

Pipes. Tank. Wa lls  

S EVERAL months ago there was re
ported in these columns the deyeIop
ment of a plastic cork coating which 
could be sprayed on pipes, walls,  ceil
ings, tanks, and so on, to prevent con
densation drip. This product, marketed 
under the name of NoDrip, has now 
been improved in composition to a 
point where it can be quickly and easily 
applied by using an ordinary paint 
brush. 

In practice, the cork composition is 
spread to a thickness of % of an inch 
over any metal, concrete, tile, or other 
surface on which condensation tends to 
form. The cork compositioll stops drip
ping from such surfaces and also acts 
as a protective coating, preventing rust 
011 metal surfaces . It can be painted 
in any color. 

TRA N S PARENT 

Tubing.  O f  Plastic. I s  

Virtual ly  U n breakable 

EASILY bent , formed, or  curved to  fit 
almost any condition, tubing of trans
parent Tenite is now available for gen
eral use in sizes ranging from 3/16  to 
%. of an inch in diameter . The tubing is 
seamless and is extruded in continuous 

Tubes of tou9h Ten ite 

I M M E D I A T E  D E L I V E R Y  
LATEST TYPE I N D U ST RIAL & LABO RATO RY EQ U I P M ENT 

With 
Inlet Outlet Price A. C. motor BRO NZE G EAR A N D  

C ENTRI FUGAL P U M PS No. 
No. 

1 Cent�!fugal l,i" 
4 %0" %" $ 6.50 $25.00 

,"," 1 3 . 50 32.00 No, S l�" 1 • 1 6.50 35.00 

.No. l li,  Gear %" Pr!ge $ 9.00 'V�!h A',f}. m<?�or $25.00 
�o. 2 
No. " 
No. 
No. 9 No. :'\0. 1 1  

ATTIC A N D  I N D USTRIAL FANS 

B e l t  driven,  s l o w  spe e d ,  exc e p t i o n a l l y  quiet 
i n  operation,  highly efficient.  G. E .  �fotors. 

SIZE H.I'. R.P.M. C.F.M. PRICF. 
24" 1/6 660 4200 $45.00 
30" 1/6 540 5800 52.00 
36" 1 / 4  415 8000 57.50 
42" 1/3 390 11500 69.50 
48" 1/2 360 16.500 92.50 

C O ROZO N E  

OZO NATOR 

A n  electrical device 
that converts ordi-
nary oxygen into 
ozone. Revitalizes 

Suitable for laboratory • 

. . . . . . . 
1 1

.
0 

. 
�Olt AC 

$9.50 .  

MAGN ETIC GAS VALVES 
All sizes in stock 
Prices on request 

FORCED DRAFT BLDWERS COMPLETE 

�" 
%" 
Ii, "  

1 
%0: 

1 14 " 

1 0.00 27.50 
1 1 .50 2B.50 
1 2 . 50 32.00 
1 5.00 37.50 
1 6.50 49.50 
48.50 on req uest 

H EAVY D U TY TWI N  
CO M P RESSOR 

Complete automatic twin cylinder outfit 
fully equipped with a heavy duty % 
H . P .  motor, air tank ( 300 lbs. test-
1 50 lbs. A.W.P. ) ,  automatic adj ust
able pressure switch, gauge, check 
valve, safety valve and drainer, etc. 
Delivers 150 lbs. pressure. Displace
ment 1.7 Cll. ft. per min. 

M o d e l s  S H G Y4 
12" x 24" tank A . C .  110 or 220 v. 60 cycl. 

$57.50 

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

l a r g e  stock of a ir  com pressors, Y4 H . P. to 2 0  
H . P .  A . C .  and D . C.,  a l i  voltages,  1 to 120 
C . F. M .  d i s p l acement.  b u i l t  for all r e q u i rements.  

A d d it ional  data on  request.  

EXHAUST FAN S,  B U C K ET B LA D ES 
General E lectric A.C. 1 1 0  volt motors. 

W I TH MOTOR 

s-10" 
12" 16" 16" 
IS" 
IS" 
20" 
24" 
24" 

RPM. cu. ft. Price 

1550 
1500 
1750 
1750 
1140 
1750 
1140 
1140 
1140 

850 

ver min 

550 
550 
800 · 

1800 
1650 
2500 
2100 
2800 
4000 
3800 

$ 1 2.00 
1 3. 50 
I B.OO 
2 1 .00  
27.50  
24.50 
32.00  
36.00 
42.00 
45.00 

& frequencis8 available at slightly 

AUTOMATIC 
CELLA R  

D RA I N E R  
prepare tor rainy season. 
Keep YOUI' basement dn 
at all timeti. New im� 
proved Obel'dorfer sump 
pump. 

PumP built entirely of 
bronze, rust proof', long 
life. 

Has Thermal Overload 
Device. PositivelY ,depend
able and protects motor 
in case pump stalls. 

Capacity 3.000 gallons per 
hour with 1,4 h.D. motor 
at low operating cost. 

.Model B -2400 unit CODl

plete w i t  h gg1e 
Vmoto�O 537.50 

Unconditionally Guarall . 
teed for One Year. 

Literature Sent 
on Request. 

TYPE H.P. R.P.M. CU. PT. MIN. INLET OU'l'LET PltICE 

() 1/20 1150 160 4 "% "  3 %," $22. 00 

O'h V8 1750 350 6 IAl:: 3%." 25.00 
1 1/6 1750 535 6 4 1h: 30 .00  
11,,, 14 1750 950 7 "." � " 37 .50  
1 Ii, .ih 1750 1900 9 "." 7 5 . 0 0  

PRICES QUO'l'ED ARE FOR A.C.  uo V. 60 CYCLES ONLY. 
OTHER VOLTAGES ON UEQUEST. 

P I O N E E R  A I R  C O M P R E S S O R  C O . ,  I n c .  

1 20-5 C HA M B ERS ST. N EW YORK C I TY,  N.  Y. 
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THE 

A S TO R I A A PA RT M E NT S  
oj THE WALD ORF-ASTORIA 

O N E - B O O �I APAR T �f E NT S  THAT 

��LIVE !'J!'J LI K E  TH B. E E  B O O M S 

Living-room, to dining-room, to bedroom . . .  presto changes that 
take place easily and gracefullv . . .  in apartments designed for 

greatest "livability" Oll conservative budgets . Su rpri s ingly reason· 

able leases by the veal', season or for shorter periods . A bo " 'Town 
IHouse" suites in 2,  3 and 4 ro oms. 

I. This attractive living.room . . .  1 
2. b e co m e s ,  magi cally, a dining. 

room . . .  

3. and, finally, a sleep-inducing bed· 

J ns pection invited. 
Descriptive booklet on request. 

'THE WALDORF-ASTORIA i l l l 
PA R K  AVE N U E ' 49 T H  T O  50 T H ' N E W  Y O R K  

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

lengths. The Tenite of which it is 
formed is virtually unbreakable . 

The ends of these new plastic tubes 
may be readily adapted to standard 
flared fittings with the same tools that 
are used for copper tubing. Standard 
thread-cutting tools can be used on the 
larger diameter tubing, the wall thick
ness being .06::25 of an inch. 

• • • 

H U MAN EAGLES-The n u mber of civi l-
ian airplane pi lots in the U n ited 

States passed the 1 00,000 mark during 
1 94 1 . At the close of that year there 
were 60 percent more civi l ian p i lots 
than the 63 , 1 1 3  reported the year 
before. 

• • • 

R U B B ER H E ELS 

I nspected for Perfection 

With X- Ra ys 

W' ITH millions of rubber heels going 
to our military forces , the necessity for 
rigid inspection of the finished heels 
has become even more important.  One 
of the conditions found in defective 
heels in the past has been occasional 
misplacement of the steel washers which 
are imbedded in the rubber heel to hold 
the nails which attach the heel to the 
shoe . 

�lisplacement of one or more of these 
washers in the heel means that when 
the nails are driven in, they will have 
nothing but rubber to hold them in an 

Not acceptabl e  

upright position. Under severe wear 
they might give way, making the heel 
loosen and wobble. To make certain 
that every washer is in its allotted 
place, The B. F. Goodrich Company 
has installed new type X-ray machines 
in its principal rubber heel m anufac
turing plant . 

The stream of rubber heels which 
comes from the vulcanizers passes 
through these machines , at each of 
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which sit keen-eyed . alert girls .  
eyes fixed on the moving heels as 
conveyor belt carries them under 
X-ray eye. 

If a single washer is even minutely 
out of place, so the nail will not go 

X-rays detect out·of·l ine washers 

cleanly through it ,  this machine im
mediately detects it, and the heel is dis
carded . The proportion of j'ejects is 
minutely small , compared to the flood 
of products which go under the ma
chine's searching gaze, but the operation 
of the X-ray machine is one more step 
in product perfection before it reaches 
the consumer. 

PAPER B L EAC H I N G  

Chlorine Conserved by 

Change in  Process 

A PROCESS of bleaching paper pulp 
stock, which promises to reduce sub
stantially the amount of chlorine needed 
for this important purpose, has as its 
basic principle the addition of the chlor
ine to the pulp for bleaching purposes 
while the pulp is flowing through a 
piping system and is in a state of 
turbulence. This method of applica
tion, the inventors of the process state, 
insures a uniform mixture of chlorine 
�nd pulp, so that the pulp is evenly 
treated and the chlorine is used with 
maximum efficiency. In processes now 
in common use, some of the chlorine is 
generally wasted . 

U. S. Army Lighting Pla nts, New 
Gaso l i n e  D r  i v e n .  
" D e l c o "  1 0 0 0  watts, 
l :! O \' o l t  direct c u r 
I'e n t  generator.  S i n 
g l e  c y l i nder,  4 c y c l e  
a i l '  c o o l e d  2 1h i n c h  
h o r e .  5 i n c h  s t r o k e ,  
1 4 0 0  R P lVI,  b a t t 0 r y  
�tal·t i g n i t  i o n. 
\V e i g h t  3 4 0  lb •. 

'Pri ce . $200 .00 
A d d i t i o n a l  d a ta o n  

r e q u e s t .  

E D I SO N  STORAG E BATT E R I E S  
Ctllls are i n  excellent condition. COlllIllete with solu
tion connedions and trays. Prices below are about 
1 0 %' of regu lar market vrice. Arerage life 20 years. 
Two-year unconditional Guarantee. 

A- 4 Amp. Hrs . 1 5 0 . 
En. $ 6 . 00 

A-6 Amp . Hrs. 2 2 5 .  E a .  6 . 0 0  
A · 7  Amp. H r s .  262.  

Ea. 7 . 00 
A-8 Amp. Hrs. 3 0 0 .  

E a .  7 . 0 0  B-2(J·3) Amp. Hrs. 37.  Ea .  5 . 5 0  
M - 8  A m p .  Hrs. 1 1 .  Ea. 2 . 0 0  
1.·2 0 Amp. Hrs. 1 3 .  

Ea . 2 . 50 
L - 4 0  Amp. Hrs . 2 5 .  

Pro 4 . 0 0  
All c e l l s  1 . 2  volts each 

, priees are per unit cell. For 6 
use ;; eells. 12 "'t.-l0 cells. 1 1 0  vt. -88 cells. Note : 
On all cells 75 amps. or less an additional charge of 10% is to be ac1ded for trays. 

U. S. ARMY T E L EGRAPH SET 
S i gnal C o r p s  telegraph k e y  and so u n d e r  
lll o u n t e d  on mahogany b o a r d .  O p e r -
a tes o n  2 d r y  c e l l s . . . . . . . . . . . . . . . . .  $5.95 

U .  S .  ARMY TELEGRAPH S O U N DERS 

A l l  brass o n  w o o d  base, 2 0 ,  5 0 ,  o r  
2 0 0  o h m s .  B u n n e l l . . . . . . . . . . . . $5.95 

TELEPH ONE SWITCH D I AL S  

"Kellogg" 4 terminal,  1 0  digits.  D i all1eter 
2 % "' ,  new . . . . . . . . . . . . . . . . . . . . . . $3 . 50 

T E L EGRAP H I C  TAPE RECORDER 
l\-Iakes w r i  tten 
r e c o r d  o f  code 
o n  p a p e r  tape.  
I d e a l  machine 
f o r  learning 
c o d e  o r  t e a c h 
i n g  c o d e  t o  
groups,  Radio 
nle n  can eas
ily a d a p t  it  
to s h o rt-wave 
r e c e i  vers f o r  
taking p e r m a 
n e n t  r e c o r d s  

of c o d e  m e ssages. Double p e n  p e r m i ts s i nl u l 
tan e o u s  r e c o r d i n g  o f  t w o  messages.  Pens 
o p e ra t e d  by battery a n d  key w h i l e  tape 
f e e d e r  i s  s p r i n g  driven.  M a d e  o f  s o l i d  brass 
o n  heavy i r o n  base. Useful o n  fire, b u rglar 
alarm and watchman systems. M a y  be used 
to intercept t e l e p h o n e  d i a l  calls.  1 0 ohms. 

Rebuilt & finished. 

like new $47 .50 Reconditioned $30. 
GLASS M ERCURY TUBE SWITCHES 

a m p .  $ 1 . 25 1 0  amp. $2. 25 
amp. 1 .95 2 0  amp. 2 .95 

TRA N S M I TTING 
CONDENSERS,  

M ICA, 
operating volts 12. -
500. cap. . 004. 
Dubilier. new $ 1 2.50  
Dubilier. used 1 0. 00 
Wireless Spec. new 

$ 1 0.00 
Wireless Spec.  used 

$7.50 
Condenser .  Dubilier. mica.  op. volts 8, 500 . cav. � . . . . . . . . . . . . . . . . . . . � "  

N I C H R O M E  W I R E  
i n  stock 

SIZES F R O M  #39 to . 0 0 1  

MAGN ET W I R E  
SIZ E S  # 1 8  t o  # 4 2  i n  stock 

C O T T O N  O R  SILK C O V E R E D  
O N L Y .  May we q u o t e  you 

S I R E N S  112 H. P. N EW 
Uni versal AC & DC 1 2 0  v o l t  Portable 
Weatherproof Limited number . . . . . . $75 .00 

Bui ld  Your Own Search light 
U. S. Army Parabolic M i rror 

Precision Cj)ual ity 
FOCAL GLASS 

DIA. LENGTH THICKNESS 

11 in. 4 in.  l,4, i n .  
3 0  i n .  1 2 %  i n .  7 / 1 6 i n .  
3 6  i n .  1 8 '4  i n .  7 / 1 6  i n .  

PRICE 

$15. 
75. 

125. 

:Made by Bausch & Lomb & P a r 
s o n s .  Perfectly g r o u n d  a n d  h i g h 
l y  p o l i s h e d . 

A few 60 in.  s l ightly used metal 
mi rrors on hand.  

BAROGRAPH FRIEZE, 7 D a y  Grap h i c .  7 
J e w e l  lTI O V e m e n t .  28 i n .  to 3 1  i n .  atmos. 
p r e s s u r e  by 2 0 th s .  8 Vac uum Cylinders 3 % 
i n .  d i a .  h i n ge cover,  glass f r o n t .  
m a h o gany case.  P r i c e  $55 .00 

U .  S .  N .  AEROMARINE C O M PASSE;; 
Suitable for car.  boat or plane lunde for 

Navy 
A l l  at fract ion  of or ig·  

i nal  cost  ($60 to $ 1 40)  

MAKE 

Kollsman . , . . . . . . . . . . 
5 0  grad. $27.50 

Pioneer . . . . . . . . . . . . 
1 0  grad. 32.50 
50 grad. 27.50 

Air. Control . . . . . . . . . 
1 0  grad. 35.00 
50 grad. 27.50 

I f  electric i l l u m i n ation 
desi red .  a d d  $2.50 

U .  S. Army A i r craft, 
solid brass telegraph 
and radio transmit
ting key. large con
tacts. . . .  . . . . .  $ 1 .95 

U. S. A R M Y  
AI RCRAFT M I C RO

P H O N E  
.Manufactured b y  Western Elec
tric. Breast type carbon micro
phont! transmitter. noise proof, 
complete with cord. plug and ��i��tPla�� .. . . �.�c

.
e

.
v.t����l $1 .95 

U. S. ARMY ALI DADES 
Hardwood. metric scale, 0 - 15 cm. and reverse, and 

��gle
�C:Jj� t���I�li��d�igl�t ff�;��e level. 45 0 $ 1 .95 

H A N D  C L I N O M ETERS, PENDANT 
U. S. Army Engineers, Geologists, Survey -
ing, Mapping. etc. Magnifying Eyepiece. $3 . 50 

U .  S. ARMY L I(j) U I D  COM PASS ( Sperry ) 

B r o n z e  j ew e l  b earing. Leather case. 
2 % "  d i a m e t e r, 1 '4 "' h igh . . . . . . . . . . .  $2 .50 

U. S. Army Eng ineers Prismatic 
Com pass 

P o c k e t  t ype.  3 6 0 0 Limited q u a n t i t y . $ 1 0 .50 
HUTC H I NS O N  P R I SM AT I C  C O MPASS 

3 i n. d i a . ,  brass,  blacie e n a m e led, inl-

����?�g Pj�t;���d '����.- �p��. 
i�a�71 .

t��� $ 1 6 . 50 

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

24-1000 Gen. Elec. 1000 mills 
$50.00 

12-350 rolt 80 mills . . . . . . . . . . . . . . . . . . . . . . . . . .  $ 1 8.00 
12-750 volt 200 mills . . . . . . . . . . . . . .  30.00 
32·350 rolt 80 mills . . . . . . . . . . . . . . . . . . . . . . . 9.00 
32·300 YOlt 60 mills . . . . . . . . . . . .  . . . . . . .  . . . . . . .  7 . 50 
Dynamotor armatures. General Electric triple 

commutators, d. c. 24/1500 yoits 1 2.50  

"Veedor-Root" Revolution Counter 

S i x  number, ( 999999 ) non- reset. (limensions over

all 51;2" long. 1%" wide, and 1 - 5 / 16" high. Nu· 
merals 1.4 " high. nickel plated. SpeciaL . . . .  $7.50 

An automatic system of chlorinating 
paper pulp, that embodies the new 
process, has been developed by the 
Mathieson Alkali Works and the Gulf 
States Paper Corporation, working in 
conjunction. In this automatic system, 
the rate of feeding of the chlorine is 
controlled by an air-operated regulator, 
which varies the amount of chlorine 
being added in exact proportion to 
variations in the amount of pulp flow
ing throughout the entire piping sys
tem . 

MANHATT AN ELECTRICAL BARGAIN HOUSE , INC . ,  Dept. S .S . , 1 20 Chambers St. , New York C ity 
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ARITH-MAG I C  
Not a machine - BUT - the greatest imDI'OvemeIlt in 
Arithmetic slnee the beginning of time. 

SimDlifies all figure PftOblems-(make it easy on your
self J -makes the figures work �"'Ou. you instead of you 
for them. 

Gets the answers by a Dl'OCeSS of Scientific reasoning 
that is infallible for its accuracy. and unenualled for 
its speed. Postpaid $ I . OG-worth a h u n d red. 

ARITH-MAG IC,  Dept. 1 8 , Maywood, I llinois 

\Vhen you write to 
ad,'ertisers 

• The Editor will appreciate 

it if you will mention that 

you saw it in 

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

Experimental and Model Work 
Fine Instruments and Fine Machinel'J' 

Inventions Developed 
Special Tools. Dies. Gear Cuttin.r. Etc. 

HENRY ZUHR, Inc., 1 87 Lafayette St., N. Y. C. 

BLACK LIGHT 
(Ultraviolet) 

Lighting outfits and U. V. lamps for all purposes, 
For - Oil Sand Recognition. Necrotic Diseases. 
CrLninal Investigation. Medical and Chemical 
Uesearch. S.oectacular and Stage E:tfect. Germici
dal Destruction. Laboratory. Fading Tests. etc. 

Write for Information and Catalogs. 
KEESE ENGINEERING CO. 

Hollywood, Calif. Dept. 8 FL 
Lighting Engineers for 50 years 

Wort· a, Ald/helllu/it!. 
COMBIN'ED W I T H  . 

,PrQt'//CP/ Mec/,ph{L'$ �m'phtl!d 
NEW 2�in·1 reading' course: Now 
1i�� ��tel�a� ��r�ratIgK' u�i�JP�� ,�mn==5 

����:f'��:�r��i*}r�:ij� �, � 

old·fashioned multiplication; add G0 long columns of figures this light- G ning short-cut method. Learn horse- 0 power, sliderule, micrometer, log� G arithms, v.rood measure, puzzles, 0 etc., ete. Large illustrated volume cOlnplete with answers, only $ 1  

�;¥:i�ie�J�i�ft�i��uro�a�f��?;;e ·i  {J::1r4}I menial powers. I 
���;o��6ri��! 

deta i l s  . . .  mai l I ...!- X = 
•• • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • •  I · % 
: NELSON CO. , 500 Sherman St. , I + .. r- 0 • Dept. E·308, Ch icago I V 5 ·\����.tc�tnd �:;:�er:;:irc�s :b��t ;.....;....;..;..--_ .... 
: Practical ).lechanics Simplified." No obligation. 
: Name . . . . . . . • . • • • . • • . . • • • • • • • • • • . • . . • . . .  

; Address . . . . . . • • . • • • • • • • • • • • • • • • • • • • • • • • • . . . • 
.• . . . . . . . . . . . . . . . . . • . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • . . 
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I n d u st r i a l  G rowth 

N ew P roducts a n d  Processes That Reflect Appl icat ions 

of Research to I n dustri a l  Producti on 

B LI N D  RIVETS 

Can Be Set From 

One Side Only 

A XEW type of  aluminum rivet for 
light-weight metal assembly has been 
developed which can be applied and 
headed up in locations where the work
man has access to only one side of the 
work. Application and heading up is 
accomplished with a pneumatic "gun" 
which completes the operation at a 
rate of 540 solid rivets per hour or 
1 200 hollow rivets. 

One of our photographs shows the 
pneumatic gun in operation; the draw
ing shows two types of solid rivets and 
indicates the method of application. 

Two types of bl ind rivets 

The rivet , before being placed in posi
tion, is similar in appearance to the 
two views at the left in the drawing. 
Each rivet is a two-piece assembly, the 
stem sliding on the rivet body proper. 
The center view in the drawing shows 
stem and body in position for heading 
up; the third view gives a cross section 
of two completed rivets. These rivets 
are of the self-plugging t�'pe; in a 

Air gun sets rivets 

second type the stem falls out of the 
rivet after it has been used to pro
duce the inside head, leaving a hollow 
unit in place. 

Heading up of these new rivets, 
called Cherry Blind Rivets, is accom
plished by a combination push and 
pull motion imparted by the pneumatic 
gun. This tool has a piston which 
attaches to the head of the stem; an 
area surrounding the piston applies 
pressure against the factory-formed 
head of the rivet to hold it in place . 
'Vhen the gun is operated, the piston 
pulls the enlarged stem section and 
finally the head at that end into the 
shank of the rivet. This movement ell
larges the shank and finally forms the 
head on the opposite side of the work . 
The stem is then broken off flush and 
any protruding part is trimmed off 
with a cutting tool. The rivetting gun 
used for this work operates on 90 
pounds air pressure and exerts a 1300 
pound pull on the stem. 

TAP RECO N D IT I O N ER 

Gives New Life 

to Old Taps 

DESIGNED to alleviate current difficul
ties in securing the vast numbers of 
precision ground taps required for war 
productioll needs, a tap reconditioner 
has been developed by Detroit Tap and 
Tool Company. Combining in one unit 
facilities for chamfering, for spiral 
pointing and for point polishing, the 
tap reconditioner serves to eliminate 
delays in tap replacements by simpli
fying reconditioning of taps. In addi
tion, the tap reconditioner is said to 
reduce tapping costs by increasing the 
output per tap during its useful life . 
The machine thus also means the avoid
ance of delays in securing tap replace
ments by endowing old taps with new 
life, time after time. 

' The tap chamfering unit, located at 
the left of the machine, is of the pre
cision collet type, assuring maximum 
locating accuracy with quick changes . 
Taps of from two to seven flutes may 
be handled through the provisicn of an 
indexing drum. Safety stop pins limit 
the movement of the chamfering unit 
for taps of different numbers of flutes . 
A manual type diamond dresser is pro
vided for the chamfering wheel. Hand-
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El im inates tap-replacement delays 

wheel adjustment for \I'ear of wheels 
is proviaed by mounting the entire 
grinder assembly on rails.  

The spiral pointing unit to the right 
of the machine employs a saucer type 
wheel , and its fixture is designed to 
accommodate taps from the smallest 
machine screw to lj2 inch diameter, 
using the same precision chuck. 

M OTO R 

Light Weight. Designed 

For Aircraft Accessories 

A NEW direct-current. explosion-proof 
motor, built to United States Air Corps 
specifications, is now being produced 
in a range of powers from .005 to .2 
horsepower, wound for 12 or 24-volt 
operation. These small units, some of 
which employ glass insulated wire, are 
light in weight by virtue of the mag
nesium alloy frame employed and the 
use of aluminum bolts, screws, and 
other small parts.  

These motors are being employed to 
drive airplane accessory equipment, 
such as fuel pumps, deicers , propeller 
featherers, and recording and control 
devices . 

SOLVENT RECOVERY 

Made Practical by 

Air-Cooled Sti l l  

T H E  necessity for full recovery of 
chlorinated solvents (used principally 
in vapor type degreasers) in indus
trial plants, due to O.P.:M.'s order M-41 
governing the restricted rationing of 
such solvents,  brings a timely develop
ment by the Phillips :Manufacturing 
Company of an electrically operated 
and controlled, fully automatic,  air
cooled, portable still and condenser. 
The unit is constructed to recover 
perchlorethylene, and can be modified 
to recover carbon tetrachloride and tri
clorethylene. 

Principal feature of these stills is 
that all heaters and controls are 
mounted integrally on the easily re
moved pot head, assuring easy cleaning 
and servicing, as well as access to the 
pot with no fixed fittings on the interior 
to trap solids . 

In operation the still is plugged into 
a grounded circuit receptacle, and dirty 
solvent is then pumped or poured into 
the pot. A sealed float switch indicates 
by a green pilot lamp when pot is full, 
and automatically energizes the heaters 
and starts the cooling fan on the con
denser tower. When the liquid level 
drops to a point just above the heater, 
the float switch cuts off the heater and 
pilot lamp until a new charge of dirty 

Air cooled : recovers solvents 

solvent is placed in the pot. When the 
oil residues reach a pre-determined 
specific gravity and temperature, in
dicating a 98 to 99 percent solvent re
covery, the heater is de-energized, and 
a red pilot lamp signals the operator to 
dump the residue before filling pot . 

The still produces 15 gallons per 
hour. Operating on single or three
phase, 220 or 440 volts, 60 cycles, A.C.,  
it is classified under maintenance equip
ment priority rules . 

COU NTERSI N K  

With Adjustable Depth Gage 

And Center Dril l  

COUNTERSUNK holes can be rapidly 
produced to accurate depth for rivets 
and screws without the need of partic
ular care on the part of the operator 
through the use of a new unit produced 
by the Aero Tool Company. A center 
drill is provided which makes it possi
ble to start holes ' accurately to punch
marked locations. A micrometer depth 
adjustment , built into the tool and 
carrying graduations reading in thou
sandths, limits the end movement of 
the countersink. 
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lIV E 
DANGEROUSLY 

'J Nietzsche. Philosopher 
_ -- sal 

Learn To Wrest 
The Utmost From Life ! 
DON'T HOLD BACK-life is yours 

to live and enjoy each conscious 
moment. Not in a sheltered, routine 
living, but only in a tempest of life's 
forces-which challenges every element 
of your nature-wil! you receive that 
inspiration, those ideas, which wil! bring 
you personal supremacy and happiness. 
Lioe boldly but knOWingly- learn to uti
lize nature's laws to the fullest extent. 

A F R E E  B o o k  of Facts 
Let the Rosicrucians (not a religious organizs" 
tion ) show you how to direct little-known laws 
of life and mind-used by the sages for cen
turies. Write for the free book, "The Mastery 
of Life" today. Address Scribe : T. 1.  A. 

The ROSICRUCIANS ( A M O R e, 
San Jose, California, U. S. A, 

O T H E R  MEN 
have read a n d  
profited by our 
free books "Pat� 
ent Protection" 
and "Selling In
Yention", Fully 

PATENT 
YOUR IDEA 

e x p l a i n  many interesting p o i n t s  to i n ve n tors 
and i l lustrate important mechanical p r i n c i p les. 
\Vith books ,ve also send free HEvidence of In
l'ention" form. Reasonable fees, deferred pay
lllen ts, forty-four years' experience. Write t o : 
,rictor J. Evans & Co., Registered Patent Attor
torney-s, 626-E, Victor Building. Washington.D.C. 

�:iFf��esda��tedn�rn�i!!�� 
tical kit. Enables any-":':OI��"", one to do fast, easy touch-up jobs like a professional c a b  i n e t  finIsher. Makes furniture and cabinets look new. Every home needs this remarkable kit. Pays for itself over and over! 

�M STUDY AT HO:\IE for Per· 
sonal Success and Larger Earn
ings. 31 years of s uccessful 
student guidance assu

.

res expert 
i n s t r u c t i o n .  L L . B .  D e g r e e  
awarded. All text material fur
nished. Easy payment plan, Send 
for FREE B O O K-· 'Law and 
Executive Guidance,"  at ONCE. 

AMERICAN EXTEN S I O N  SCHOOL OF LAW 
Dept. SA-5. 8 East Huron St. Chic:a90, I I I .  



p o o n  
E Y E S I G  H T ?  

Try the New 
PIKE Electric 

Reader 

A boon for elderly 
people and others with 
poor eyesight. Wonder
ful for doctors, scien
tists and draftsmen . 
"'�rite for free information 
and details of this ne,,, in
\'ention that makes reading 
matter 3 times larger. 

E. W. PIKE & CO. Elizabeth. N. J. 

FO R A N EW TH R ILL 
Card and Photo 

ST E R E O 
M I R R O R  

Single pictures and prints ap
pear in three dimensions when 
seen with our scientific device. 
Thousands are delighted with it. 
Order one today. Price $4.50 

NU-M I R RO R  COMPANY 

B R I D G E PO RT. C O N N .  

I�i!!�e::�
n

�f O;;�t!;�2° :-�onth 
were made by inventors to manufac
turers or indiyiduals. Thjs shows to
dav ' s  demand f o r  n e w  patt'ntf.'d inyen
tions. If you ha.e jdeas. write for our 
l<�lU£E BOOK. "Protect , FinaIH'e and Sell 
Your Invention" that gires you the ('oll1plete facts. SVPf"'lfll 
form "Invention Hecord" also mailf'd FUNE. No 
Obligation. 

McMORROW & BERMAN 
Reg i stered Patent Attorneys, 1 7S-V Barrister B ldg .Was h . , D .C .  

The Binary Slide Rule 
eQuals a 20 inch straight 
slide rule in precision. Has 
C, Cl, A, K, Log, LLl, 
1.L2. LL3. LL4. Billary. 
Add and Subtract Scales. 
Gi'res Trig. functions to 
1 minute from 0 to 90 
degrees. The engine-di
vided seale:-; are on white 
enameled metal. Perma

nently accurate. Dia. 8 14'/, 
Large figures and gradua
tions eliminate eyestrain. 
Exceptional value and util-

itx, Price with instructions $5.00,  cash or C. O . D .  
Vllrahle ease 80c extra, Circulars tree. Your money 
ba d{ if you are not entirely satisfied. 

Gilson Slide Rule Co., Stuart. Fla. 
Slide Rule If,!akers since 1 9 1 5  
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---------- A V I A T I O N -----------

J et P ropu l s i on  

I talian Experiments With an A i rplane That Uses 

No Propel ler for F l ig h t  at  Hig h A l titudes 

A L E X A N D E R  K L E M I N  
A v i a t i o n  Ed i t o r ,  S c i e n t i fi c  A m e r i ca n .  
Resea rch P rofess o r ,  D a n i e l  G u g g e n h e i m  
S c h o o l  o f  A e ro n a u ti c s ,  N ew Y o r k  U n i v e rs i ty 

WE have had occasion to refer 
to the news from Italy that a 

jet-propulsion machine has beeu flown 
somewhere out of Milan at the Forla
nini aerodrome. Somehow or other, 
Flight, of London, has obtained more 
definite information on the new jet
propulsion aircraft, which is perhaps 
t h,> YNY first machine ever flown 
without an airscrew. It is the coneep
tiOll of an Italian engineer, Campini , 
alit! has as its objectiye the replacing 
of the orthodox propeller power plant 
which loses efficiency at high altitudes . 

The design of the airplane as a 
whole is of no particular interest, but 
the sectional view shown in the sketch 

ward thrust . Some reports haye it that 
even at IO\\' altitudes, the apparatus 
can function purel�' as a jet reactioll 
device . 

The above description is not ade
quate and does not give us informatiolJ 
as to the possible efficiency of the ap
paratus ,  but in these days of secrecy 
and censorship, we must be thankful 
for having even meager data. 

T E M PLATES 

Rapid Process U sed in  

Aviation I ndustry 

IN aircraft production work, at least 
one extra copy of a template is always 
needed and sometimes as many as six 
may be required . With the conventional 
hand method , each time a work tem-

Sect i o n o l  view of the orig i n a l  C a m p i n i  jet-pro p u l s i o n  plane design 

illustrate" what is of great interest, 
namel�· : the principles of the new 
power plant. At (A) is the front of 
the cabin in which two occupants are 
seated : (B)  is a cylinder enshrouding 
the radial aircraft engine. Air is sub
jected to an initial compression by the 
forward m otion of the aircraft and is 
additionally compressed hy means of 
t\yO blowers, (C) , driven by the en
gine. The exhaust of the engine dis
charges directly into the main air
stream . adding heat and still further 
increasing · the pressure of the air. At 
low altitudes , apparently the engine 
driyes an ordinary propeller . and be
haves like a conventional power plant. 
For high altitude flight . a further sup
ply of fuel is introduced into the com
bustion space (F) , into which the 
compressed air and fuel are guided 
through (E) and the annular mixing 
chamber ( G ) . The products of com
bustion are discharged through dis-

: charge nozzle (H) , with cone (J) for 
yarying nozzle orifice . The reaction of 
the jet issuing at (H) supplies the for-

plate is needed, it is necessary to scribe 
laboriously a duplicate copy of the 
master layout on a metal sheet, using 
the master as a reference drawing. The 
process may require hours, days, or 
weeks depending on how large and COIll
plicated the master drawing may be. 

Under a new electrolytic process, de
veloped by Lockheed Aircraft , a work 
template can be produced in five min
utes! There are only three steps in 
making work templates by the electro
lytic process : The preparation of the 
original drawing by the engineer; the 
scribing of the drawing on a specially 
treated metal sheet to make the master 
layout; and the transfer of the scribed 
layout to an inexpensive metal copy 
sheet from which thc work templat.f' 
will be cut .  The copying operation is 
routine and can be readily mastercd hy 
an unskilled employee. Besides the say
ing of time, the errors possible wit.h 
hand work are eliminated . 

The electrolyt.ic process may be de
scribed as follows : A master layout i "  
scribed from an engineer's drawing 0 11  n 
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piece of galvanized sheet iron of suit
able size and thickness, the surface of 
which has been prepared with a special 
coating of insulating paint . The lines 
produced by the scribe are very accu
rate and extend through the insulating 
paint coating into the metal surface. 
The layout thus formed is sprayed with 
a transfer solution and the wetted sur
face is pressed into firm and uniform 
contact with a copy plate. An electric 
current of suitable intensity is then 
passed between the plates, resulting in 
the layout on the master plate being 
transferred to the copy plate . At the 
end of a few seconds the press is re
leased and the two plates l�emoved, sep
arated , washed, and dried . The copy 
plate is given a thin protective coating 
and is then ready for immediate use by 
the template cutters . Any number of 
copies can be made from the master 
plate, and, if the press is large enough, 
a 48- by 1 44-inch plate can be used . 
The cost of templates produced by this 
method is extremely low. Almost any 
hydraulic press may be put into serv
ice for the work.-A . K. 

M U LTI PLE M OWER 

Keeps Grass on Air Fields 

in Proper Trim 

WITH the enormous number of air 
fields to be put in service by the Army 
and Navy, concrete or other hard 
runways become peace-time luxuries 
and, because they have high visibility , 
invite bombing attacks . Properly con
ditioned turf becomes of great im
portance . But the rub lies in the words 
"properly conditioned."  How can an 
enormous field of say 500 acres be kept 
in condition ? The modern golf course 
equipment using a seven-gang mower 
cannot be operated at speeds exceed
ing six miles an hour and at this speed 
can only cut 1 1  acres an hour or 88 
acres during an eight hour day . That 
would mean five ' and one half days to 
trim a 500 acre flying field .  

To meet the difficulty, the engineers 
of the Worthington :M:ower Company 
have developed a gang mower hauled 
by a fast and powerful traetor which 
operates efficiently at 20 miles an hour . 
At this speed the mower has the enor
mous capacity of 368 acres in an eight 
hour day . 

The mower is shown in .our photo
graph and it involves many new prin
ciples . Heretofore all types and styles 
of cutting units have established the 
height of cut from the ground up. On 
rough ail' field conditions at high 
speeds the rollers and casters trans
m itted all shocks, j ars, and vibrations 
to the cutting unit .  III the new frame
work, the rear of thc cutting unit is 

Airport grass . m ust b e  dense 

suspended from the fra:ae and the 
height of cut is regulated through this 
suspension so that nothing tOllches the 
ground except the large pneum atic 
l'Ubber traction tires . The increased 
simpleness of operation ean be readily 
understood thereby. 

A thick, dense turf is helpful on an 
airfield because it covers loose particles 
of stone , gravel, and so on, which are 
a source of considerable danger to 
metal propeller tips . A thick, dense 
turf also helps to absorb rainfall but a 
thick, dense turf is only dcveloped by 
freqnent eutting. Hence , the great ad
vantage to be derived from the new, 
high-speed mower.-A . K. 

FLI G HT C LOT H I N G 

Being D evelo ped for 

Alaskan U se 

A LASKA is going to assume lllcreas
ing importance in our operations 
against Japan and it is obvious that 
flight clothing used during the Alaskan 
winter must give protection both in
side the airplane and while walking 
outside away from an electric outlet. 

Therefore. both heated and un
heated clothing is being developed in 
the Equipment Laboratory cf the lVla
teriel Division of the Ail' Corps at 
Wright Field . Unheated suits have been 
m ade of various types of insulating 
materials such as furs and quilted 
down . Electrically heated units meet 
the requirements of temperatures as 
low as - 60 degrees , Fahrenheit .  The 
heated suits are apparcntly WOl'll as 
underwear heneath light Hying clothes 
or a covcrall . One type uses a coil cd 
wire heating element; another tn)C 
eliminates 95 percent of the wire by 
using a carbon impregnated material 
whieh conducts the current throngh 
the material i tself .  The regulation i s  
obtained b y  changing electrical resis
tance . Heated gloves and shoes art' 
used with the suit . It is even claimed 
that the heated suit, gloves , and shocs 
provide sufficient heat inside an un
heated cabin to eliminate frosting of 
the windshield .-A . K. 
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Bttilt into every South Bend Lathe 
is the stamina for permanent precision. 
In both toolroom and production 
shops, South Bend Lathes simplify the 
problem of the machinist-to main
tain the rigid tolerances specified on 
the blueprint to insure perfection in 
the finished product. 

South Bend Lathes are made in five 
sizes : 9" to 16" swing, with either tool
room or manufacturing equipment. 
Write for catalog and name of nearest 
dealer. South Bend Lathe Works, 
50!; E. Madison St.. South Bend, Ind. 

Lat". Bui/cI.rs For 35 Years 

SOUTH BEND PlJ.ecUion LATHES 

A R M Y  H AV E R S A C KS 
h e avy canvas,  7 th by 1 1  
i n ch es. w i th p o ckets,  s e c o n d  
h a n d ,  w i t h  lea, t h e r  s l i n g .  
P o s t p a i d  f o r  7 5  c e n t s .  1 9 4 0  
7 5 th A n n i v e r sary catalog.  
308 pages,  2 0 0 0  Hlustl'ati o n s .  
m a i l e d  f o r  5 0  c e n ts. 1 9 4 2  
c i rcular f o r  3 0  stalnp. 

Francis Bannerman Sons, 
50l Bway . • N. Y. C. 

The DECIMALIZER shows in a few simple 
manipulations just ,\-'here to place the decimal point 
in the result of any eomputation involving severa] 
elements, part or all ot' which may be decimals
for example, i n  such a problem as (9 x . 0 432 x 74, 1 x 3 . 8 )  .,. (245 x . 0093 x 36 ) ,  The DECIMALIZEll 
remores that "decimal point hazard" inherent in 
computations made with the slide rule or otherwise. 

Pocket size ; dUrable ( stainless steel ) ; exceedingly 
smooth in action. Furnished in leather case, with 
complete directions for using. Priee $2, postpaid ; 
with extra. easily interchangeable scale which en
able,., the instrument to perform extended multjpli
('ation amI division. 50 cents additional. Money back, 
if retumed within 10 days. 

GEORGE H. llORSE 

927-28th Street South Arlington, Va. 

Establ ished 1 8 53 

Corn Exchange 
Bank 

Trust Company 
1 3  WI LL IAM STREET 

and 
7 4  Branches located in 

Greater New York 
Member of the Fede ral  De posit I nsurance 

Corporation 
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FINE AMERICAN M A D E  CAMERAS 

For Scientific and Technical Books 
Try our BOOK DEPARTMENT 

SCIENTIFIC AMERICAN 

"PTa 'HAD! CAMERAS!" 
Generous allowance on your camera toward a 
new or used model of your choice. Write 
giving description of present camera and tell 
us what you want. Write for free' MOVIE or p]!j Bargaingram. D.partm.nt�1 
� '.titlVttr:v 

A c o m p a c t  fold i n g  s l i d e  
viewer han dsomely made o f  
d u rable  r e d  a n d  wh ite 
p lastic, th a t p ractically 
makes Kodachrome sti l l s  
" breathe." The magn ifica-
t ion  of the v iew i n g  lens is  

such that the s m a l l est deta i l  is brought  i nto sharp 
a n d  IJlear focus.  T h e  lens  spr ings  i nto posit ion when 
the D a - Scope i s  o pened.  The trans l ucency of the  
wh ite p l astic top perm its both  sufficient  i I I u m i n a 
t!o n  a n d  d iffusi o n  f o r  view i n g  t h e  s l ide .  The s m a l l  
size (2% x 2% x % " )  a n d  l ight  weight o f  the Oa
Scope make it truly a Uvest- pocket" i n stru m ent. 

Price $ 1 .95 postpaid.  M a i l
. 
orders prom ptly fi l led .  

W'LLOI/6HBY§ 
3!l lid St1££! fteall 6th 1lveH.U.R, YJI.C. 

ESTABLISHED 1898 

P O LAR O I D§ 
Ideal LIGHT polarizing material for all 

PHOTOGRAPHIC and experimental purposes 
2 pieces. 2x2" 

S • I $1 Post-'�lth fun instruc- peCIG paid  

HARtRlOyllS ROSS Scient iflc & Laboratory A pparatus 
68-70 W .  B R O A D W AY. N . Y. C .  

--< "BAlD. TO ·GET" >-
�eRAS OR c., �" ACCE S SO�\� 

P R O J E C T O R S  - E N L A R G E R S  
N EW & U S E D  

STI L L  I N  STOCK 
A ttractively Priced 

We anticipated shortages, so we stocked 
up to meet such a situation. 
Avoid disappointments-write us today 
for prices on your needs. Our trade-in 
allowances are most liberal. 
We'll Pay Cash lor your used equipment. 

C A M E R A  E X C H A N G E  O R I G I N A T O R S  S I N C E  ' 890 
N EW Y O R K  CAM ERA EXCHANGE  
1 1 6 F U L T O N  ST N [ W  Y O R K  C I T Y  

·!.Hi 

CAMERA ANG LES 
Conducted by JACOB D ESCH I N ,  A. R.P.S.  

Spotl ights Solve a Problem 

CONTAIKED i n  a ship.nent of rongh dia
monds received b�· Reinhold Brothers, 

New York City, from an African exporter, 
was a rough diamond less than a quarter of 
an inch in diameter. It was distinguished 
from the other diamonds by the fact that 
on one of its faces was engraved the letter 
"V." This was quite a find, so the importer 
asked us to make a picture of the diamond 
sho" ing the engra;·ed V as clearly as 
possible . 

That was easier said than done, even 
though 011 the surface it seemed l ike a 

A "V" in the rou9h 

s imple job of cross-lighting. The problem 
was to ligh t t.he tiny walls of the letter 
with sufficient brightness to make them 
pl'Ominen t, at the same time creating a 
dark background fo,' the letter within the 
glass itself .  The subject was not to be 
tampered ,,·i tlt ill any way; the job was to 
be done entirely with light. 

To obtain a fair magnification of the 
stone, we used a 5 by 7 view canlera, its 
bellows extended the full 19 inches, 
equipped with a 6-inch Dagor lens . Reach
ing as close as we could with this set-up, 
we obtailled a fair magnification, later en
larging the diamond image to a diameter of 
a l ittle more than 1 ¥2 inches, even though 
the Super Or tho Press film we used was 
developed in 1 -to-1 D-72. 

The l ighting arrangement took two or 
three hours, believe it or not, because the 
clean-cut result we strove for did not come 
as easily as we had thought it might. We 
used from one to three spotlights, these 
being employed bee-ause of the great control 
possible, placing the spot-foeus beam as 
nearly on a line with the stone as possible. 
The idea ""'tS to shoot the light through the 
side of the stone . "'e found, eventually, 
that two spots, the direction of which may 
be seen from the position of the shadows 
in the illustration, would do the trick better 
than one or three, the first not being suffi
cient to bring up sharpl y both l ines of the 
letter, and the second tending to flatten 

the crispness obtained by using two spots . 
The letter V formed by the two shadows 

is purely accidental but helps the subject .  

Are Flash B u l bs Scarce? 

RECENTLY a n  ugly rumor went the rounds 
that there were to be no more flash 

bulbs, at least not for a ,·er.,· long time. 
because the Government needed the alu
minum . However, the veil has been lifted 
and it appears that an order had gone 
forth freezing distribution of flash bulbs 
temporarily. Now the order has been lifted 
and flash bulbs are again available, though 
the supply is not inexhaustible. In any 
event, we can take nothing for granted. 
The war is still on, and freezin g  orders may 
come again . The general adyi("" i" to be
have, buy only in normal 'lna ntities and 
thereby show the Government that .,·on will 
use flash bulbs economically and not in the 
profligate mannel' we have been accustomed 
to when things were different a �,hor t while 
ago . In that way, sufficient materials may 
come through to m ake it possible for the 
manufacturers to keep the amateur and 
professional supplied. 

Reducing Static in Darkroom 

S PRAYING mois ture in t o  the darkroom air 
through an atomizer helps to reduce 

the presence of static, which IS the cause 
of l int and dust adhering to the surfaces 
of negatives . If you haye been having 
trouble on this acconnt, try this atomizer 
stunt and see if it helps . 

Large vs. Smal l  Ca meras 

THEY say larger cameras are coming back.  
The illustration shows one lad who is 

brillging them back in a big \\·ay; a 5 by 7 
Graflex, no less ! There is considerable talk 
on the subject of minia ture Yersus larger 
cameras, but it is surprising how many per
sons sti;I think h ighly of the 35111111 minia-

Staging a come·back? 
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ture, believe it is superior in many ways to 
the larger cameras, The general feeling, 
however, seems to be that the 2% by 21!i 
negative is the smallest feasible, yet the ad
mission is frequently made that the minia
ture--because of its small, compact size--is 
still the camera par excellence for can did 
work and wherever it is advantageous to 
keep the camera on one's person most of the 
time. 

Sound Films 

Train Workers 

WORKERS in armament production are 
being trained throu gh the medium 

of souno films produced under the diree
tion of the U. S. Office of E ducation, 
Fed eral Security A gency. Of the 50 
reels of film, comprising the program, ] 8 
have been completed and are now being 
reproduced in 1 6mm size, according to 
Castle Films, Inc., which was awarded 
the contract for distribution . 

"The U. S. Office of E ducation has 
produced a series of motion-picture films 
dealing with mechanical skills and knowl
edge, expressly designed to be used by 
vocational teachers and shop instructors," 
said Dr. John W. Studebaker, U. S.  Com
missioner of E ducation, in describing the 
purpose of the films. "These films will 
assist potential and employed defense 
workers more rapidly to learn and more 
thoroughly to comprehend the instruction 
being given them in the vocational schools 
throughout the United States." 

Following a detailed course in the han
dling of machine tools in precision work, 
40 of the films cover the subj ect of ma
chine-shop practice. Seven reels are de
voted to the engine lathe, five to pre
cision measurement, five to the vertical 
boring mill, five to the milling machine, 
five to the use of drill presses of various 
types, seven to bench work, three to the 
shaper, two to the action of single point 
cutting tools, and one to centering and 
layout. Operations in ship building are 
covered by 10 more films, still in pro
duction. 

Slide-Binding 

COLOR transparency slides maJ' no,\, be 
bound in about the same manner as 

prints are mounted in a dry-mounting 
press. A completely new departure in the 

No tape. no frames 

field of slide-binding, the method is lIlade 
possible by a vise-like affair containing a 
heating element. The slide is inserted, as 
usnal, in a paper mask called "a scientifically 
prepared thermo mask," and then between 
two pieces of 2 by 2-inch glass. The as
sembly is held togethcl' with a small clip, 
no tape or frames bein� used, and then red 
between the flat jaws of the vise, the bot
tom surface of which is electrically heated. 
The jaws are slowly brought together and 
allowed to l'emain thus for about 30 sec
onds, at the end of which time they are 
separated by pushing down the lever and 
the slide is complete, firmly held together 
by the adhesive with which the mask is 
impregnated. 

Make 'Em Clown 

DON'T take o n  too serious a n  attitude 
when you're shooting a child's picture. 

It scares the child into awkward, stiff poses 
and expressions, with the result that the 
pictures you get lack life and naturalness. 
Try making them do'yn.; that is, let them 

Smi le. and subjec:t smi les. too 

mimic whatever or whoever they think is 
funny. Children have their own sense of 
humor, which adults often fail to appreciate. 
But if you will try to put yourself in the 
child's place, forget that you're grown up, 
make believe you're a child again, you will 
see pictures even when 11,e child downs, 
Some of them will be very bad; many will 
be very good because they are spontaneous 
and because the child is unconscious of the 
camera. The boy in the illustration ex
pressed a wish to wear glasses and imitate 
a grown-up. The photographer complied 
and the subject was happy. So is the result, 
we think. 

Correction 

IN the item "Print Reducer" which ap
peared on page 208 of our April 1 942 

issue there was an error in the formula 
given, Solution A of the reducer should 
consist of 200 grains of Sll hlimated iodine 
and 10 ounces of alcohol. not 20 ounces 
of sublimated iodine and 1 0  ounces of alco
hol as was originally stated 111 these 
columns. 
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Revere 1 1 88" Camera 
Eastm a n � l i ce n s e d  s p o o l  
a n d  s pi n d l es .  5 s p e e d s .  

C o m p l ete with  f a s t  W o l ·  
l e n s a k  F3 .5 l e n s ,  $38.50.  

On your first outing, you may make the 
prize calch of the season. Take along a 
Revere 8 mm Camera and bring back a 
thrilling motion picture of all of the ex· 
citing events of your trip. The Revere is easy to load and to use. Like the large, 
professional cine cameras, th.is conlpact, 
precision-built instrumeut has an automatic film-loop sprocket which prevents 
pulling on the film gate and assures 

s t e a dy ,  s h a r p  
movies. See Re
v e r e  C a ln e r a s  
a n d  Projectors 
at your dealer's ! 
Write for litera
t u r e .  R e v e r e  
C a m e r a  C o m 
pany, Dept. 5SA, 
320 E. 2 1 st St., 
Chicago, Illinois 

Revere Model 80 
Projector 

C o m p l ete w i t h  500, 
watt l a m p ,  F I . 6 l e ns ,  
and o n e  300-foot ree l ,  
$75.00. 
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O u r  Book  Co rne r  
T H E  BOOK D EPART M E N T  of Scientific American is conducted, 
with the co-operation of the Ed itors, to make available for you a 
com prehensive book service. Each month the E ditors select and 
review in these columns new books in a wide range of scientific 
and tech n ical  fields. I n  addition, they are ready at a l l  times to 
advise you regarding the best available books on any subject. 
You are invited to use this service freely. Tel l  our Book Depart
ment what kind of books you want and you will be furnished 
with a l ist of available titles, including prices. When inquiring 
about books,  please be specifi c :  remember that we can be of the 
greatest help only when you tell  us just what you are looking for. 

FIRST PRI N C I P L E S  OF F L I G H T  

B y  D .  Hay Surgeoner 

AVL'HOUGH the tcxt of the present book 
is prepared from the B ritish view

point, the information presented is of 
s uch fnndamental nature that a perusal 
of it will serve to give a satisfactory 
fo unda tion for the average reader who 
w a nts to know a little more about the 
" wh�'" of flight. The chapter titles in
dic a te tbe scope of the work : The Atmos
pile I'e, Fluid Motion, Aerodynamies, 
P radical Considerations, Stabilitv, Con
trol, Airscrews. ( 1 08 pages, 5 

'
by 7% 

inches, a number of  line drawings. ) 
$ 1  ,�30 postpaid.-A . P .  P. 

DEAD M E N  D O  TEll TAL ES 

B y  B y r o n  de Prorok 

RACY, lively account of the travels of a 
noted archeologist-explorer, mainly in 

t he region of Ethiopia before the momen
tary conquest by l\fnssolini .  To readers of 
scientific leaning the anthropological side
lights on primitive peoples will be of signifi
('allee. In Ethiopia the author met and 
hobnobbed with Hailie Selassie , The book 
abounds with exotic adventure and will be 
difficult to put aside until finished , ( 328 
pages, 6 by 9 inches, 19 illustrations .) 
$3 .60 postpaid.-A . O. 1. 

S O UTHWESTERN A RC H EOLOGY 
B y  John C. McGregor 

O ItGANIZED groundwork on which the 
student-amateur or professional

may build his knowledge of the rapidly 
advancing' discoveries in Arizona, New 
:YIexico, south-west Colorado, Utah, 
parts of Nevada, California, and north
ern Mexico, This work is likely to become 
outstanding-a landmark-among arche
ologists. ( et03 pag'es, 6% hy 10 inches, 
illustrated. ) -$5. 1 0  postpaid.-A . G. I. 

P H OTOGRA P H Y, ITS SCI E N C E  
A N D  PRACTI C E  

B y  J o h n  R.  Roebuck a n d  
Henry C. Staehle 

AFTER an amateur  photographer be
comes thoroughly familiar with the 

operation of his equipment and has thor
oughly grasped the technique of  photog
raphy, he frequently w ants to delve into 
t he fun damental science of this suhj ect, 
It  is for this ever-expanding group that 
this present book is intended. The text 
'U l'\" cy s  the lllodern science o f  photogra-

)lhy, presents a brief sketch of the 
histo rical developlllents, and then gives 
detailed attention to the properties of 
photographic materials, the factors deter
mining correct exposure, and the sensi
tivity to color needed to preserve tonal 
values. This is followed by a considera
tion of the chemical processes of devel
opment aDd of the positive processes 
such as printing, enlarging, and making 
slides. A chapter is devoted to the latent 
ima ge theory and another to lenses and 
the optical aspects of photography. Color 
photography is fully discussed and a 
section of the book gives a concise pres
entation of the subj ect of composition 
and other aids in making good pictures. 
A "laboratory manual" presents a se
rips of  practical experiments. (983 pages, 
G hy 81;j incbes, 96 i l lu strations. ) --$5. 1 0  
postpa id.--A . Y P. 

BOATB U I L D I N G  

B y  H o ward I .  C h a p el/e 

SO far as this reviewer can ascertain, 
this is the most complete book on 

boat building. It isn't for the greenhorn ; 
the user should already know things ahout 
boats and tools. It was written in detail 
beca nse the magazine artieles usually 
skip the parts a designer and builder 
most needs to know. This book, hy a 
well-known builder, is a practical shop 
book, no mere armchair companion. It 
stresses especially mold loft work-laying 
out beforehand in full size-the lack of 
which so o ften lands landlubbers in j arns. 
The craft employed as examples are all 
sailing craft, and many are Chesapeake 
B ay types, but the p rinciples explained in 
so much detail are basic to all types. 
( 694 pag'es, 6 by 9 1;1. inches, 186 illustra
tions, ) --$5 , 1 0  postpaid.-A . G. I. 

N OSTRA D A M US S E ES ALL 
S y  A n dre Lamont 

rrHE author, born in the Orient, edu-
cated in Europe and America, known 

for his articles on astrology, the Kah
bala, and various methods of reading 
character, ntilized all available books on 
Nostradamus-many rare and in several 
languages-plus the Houdini collection, 
and other original source material to 
present this volume of interpretations of 
the prophecies by Nostradamus, the 1 6th 
Century astrologer. Also, a cOlllprehen
sive and i nteresting biography of the 
medieval p hysician who for�told World 
'Var I, the rise o f  Communism, Fascism, 
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'>razism ; the emergence of Stalin, Musso
lini, Hitler, F ranco, Churchill, Roosevelt, 
Petain, and others. (341 pages, 5 by 7% 
inches, illustrated. ) ---lilB .GO postpaid.
A. D .  R. ,  I V. 

TI M E  A N D  TI M E KE E P ERS 

By Willis I.  Milh am 

RE-rssuE of a book dated 19B3, now 
avail able at greatly lowered cost 

and, even today, out of date only in minor 
degree, but a book which still has no 
equal in the sense o f  its "all-aroundness." 

Author is Professor of Astronomy at 
Williams College and the subj ect is his 
scientific hobby. The book covers the 

the author, who is director of the Body 
and Mind Clinic, also the Park Avenue 
Hospital, New York, has based his l ife 
\York of healing, is fatigue, often not 
realized, \yhich lowers the body's defenses 
against fears and phobias . Many of us 
Yankees harbor anxiety complexes which 
Illay have this basis . (229 pages, 5% by 
8 inehes. unillustrated.) -$2.10 postpaid . 
-,1 . G. I .  

HOW TO MAKE YO U R  OWN 
F U R N I T U R E  

By Eugene O'Hare 

D J:TA l um --some, unless beginners, 
",ould think too detailed -instrue-

tions for making a bookcase, a couch end, 
a desk and bench, a table, a coffee table, 
a dressin g table, a picture frame, a maga
zine rack, a hinged-top chest. Not fancy 
cabinet work and not soapbox earpentl'y, 
but intermediate. The types are all mod
ern, not period. ( 94 pages, 8% b�' 1 1  
inches, illustrated. ) -$'2.60 postpaid.
A. G. I. 

U N I V E RSAL P H OTO ALMANAC 1 942 

Louis H. Lanctot, Editor. a n d  
Jacob D eschin, Technical Editor 

MANY photographic problems will be 
solved by the article text and ilhlS

trations presented in this latest edition 
whole field of the histor�-, construction, r . __ � ____ _ 
care, and accuracy of cloeks and watches, ! r----------===--------.::.::::....:...======:.::::====-:...:..======.:::..:....:....::, 
without assuming preYious knowledge on 
the reader's part. Aspect most empha
sized is the history of early clocks and 
watches. A book for other hobbyists. 
( 616  pages. 5 Y:2 by 8% inches, 339 illus
trations. ) �'ll'2.10 postpflid .--A . G. l. 

DANA'S MAN UAL O F  M I N E RALOGY 

Revis ed b y  C o rnelius S.  Hurlbut, Jr . .  
Ph.D.  

F IF'I'EENTH edition of a standard work 
of great p restige, prepared by pro

fessor of  mineralogy at Harvard. Stand
art] text and refe rence. Covers crystn l
lography ( hard labor ) .  also physical, 
chemical, descriptive, and determinative 
mineralogy, that corner of geology deal
ing alone w ith the description, classifi
cation, and correlation of mineral 
species. Is solid meat, no concessions to 
entertainment but would be entirely suit
able for amateurs who want reli'ability 
and aren't afraid of  study. (480 pages. 
6 by 9 inches, 436 illustrations. )-$'1. 1  0 
postpaid.-A . G. I. 

T H E  LAT H E  MAN UAL 

By The Staff of the Metal Trades D e 
partment of the Willia m H o o d  Dun
woody Institute 

JOIlS on the engine lathe, the turret 
lathe, and the h l1 nd screw machine 

a t'e thoroughly covered in  the mimeo
graphed text of this volume. In  addition. 
the reader is shown the common methods 
of laying out work fo r center drill i n l-<  
and for grinding lathe tools . The text 
is prepared as a course of instruction for 
heginners in machine-shop t('chnique and 
as such has been proved effective b�' use 
in industrial and trade schools. ( H3 
pages, 9 by 1 1  inches. tho roughly illus
trated. ) -$1 .45 postpn id.--A .  P. P. 

D O N 'T BE A FRAI D 

By Edwin Spencer C o wles, M.D.  

ANXIETY, apprehensiveness, usuall�' from 
no known cause, but "ague and gen

eral. afflicts many persons who do not 
know that this often is a sc·mptom . Emo
t ional instability, irritabilit.,· ,  easy faLig
ability, palpitation , often accompany it. i 
1\ l'urasthenia, even suicidal melancholia, I 
sometimes follow, if the cause is not re
moved; and the cause, aeeording to the 
theory of this layman's book, on which 

SEEING THE IN VISIBLE! 

COllrt( !:Jl! . Iml {i('lltI C'jlfl l lalll'it1 nfJ. 

T H E 
ELECTRON 

MICROSCOPE 
by: E. F. Burton 

Head of Dept. of Ph),sics UH iv. of ToroH tv 
W. H. Ko h l  
Rogers Radio Tu bes Co . . Ltd. 

SEEING THE INVI SIBLE ! 
The first and only book on I h" fascinating 
subj ect of the electron microscope . .  _ the 
phenomenal instmment that sees the invisible 

. • .  ferrets out the un.mspccte,z secrets 0/ 
the submicroscopic world ! 

M a g n e s i u lll O x i d e  S m o ke (X :W.OOO ) 

('(!1 IrteSlJ Univ. of Penna. 
Tuberculosis  germ (X 30,000) 

Profusel}- Illustrated 

$3.85 

GI VES an elementary explanation o f  what the 
electron microscope is . . . how it  works ! 

Pro fusely illustrates the startling results so far 
obtained in its application by leading industrial 
labor atories to problems in chemical, metallurg
ica l and bacteriological research. :'Iiumerous orig
i na l  drawings illustrate the principles involved. 

-\ ( ' I  ual photographs show the tremendous mag
n it i - -a lions possible as the cutting edge of  a razor 
h l u , l "  becomes a j agged lIlo untain range . . .  a 
h a i r  would appear 40 feet wide . . .  a tu Lercu
J o:--i :-;  germ attains the size of  a s tring bean * � • 
under the penetrating all-seeing lens of the elee
tl'tm microscope ! 

The authors are pioneers in electron microscopy. 
under Dr. Burton's direction was developed the 
til',!  <'Iectl'on microscope in America, with which 
the first commercial research was carried out.  

OHe o f  his students, Dr.  James Hillier, is now 
designing commercial electron microscopes for 
the RCA Manufacturing Co_ 

R E I N H O L D  P U B L IS H I N G C O R P. 
330 West 42nd St. New York, N. Y. 

... S E N D  FOR YO U R  COpy TODAY 
. • . . . . . . . . . . . . . . . . . • . . . . . . . . . . .  � . . . . . . • . . . . . . . . . . . . . .  

R E I N H OLD PUBL I S H I N G  CORP. 
330 West 42nd St. , New York.  N .  Y. 
CentlemE'll : 

Enclosed is $ 3 . 8 5 .  Please �e l l \i :l cup.> of . ' T b e  j': lectron 
l\.licroscope" by return mail .  

Name . . . . . . . . . . . . . . . . . . . .  . 
Address . . . . . . . . . . . . . . . . . . . .  . 
City . . . . . . . . .  . 

( pVc wUf bill ,rou,  if :\,01 1  have an aCCO / l l l t  'l(}ith H S . ) 
• • • • • • • • • • • • • • • • •  m • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • •  
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S AV E  U P  TO 7 0 ,0 
ON T E C H N I C A L  B OOKS  

Many of These Titles Reduced For the First Time 

QUANTITIES LIMITED 
PLACE YOUR ORDER NOW 

Title 
GERMAN FOR CHEMISTS . . . . . . . . . . . . . .  . 
CHEMICAL FRENCH . . . . . . . . . . . . . . . . . . .  . 
TECHNICAL ANALYSIS OF ORES AND 

METALLURGICAL PRODUCTS . . . . . . .  . 

MOTOR DICTIONARy . . . . . . . . . . . . . . . . . .  . 

VOL. 1 GERMAN-FRENCH-ENGLISH . . .  . 
VOL. 2 ENGLISH-FRENCH-GERMAN . . .  . 
VOL. 3 FRENCH-ENGLISH-GERMAN . . .  . 

REINFORCED CONCRETE CONSTRU� 
TION . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 

EMBALMING FLUIDS . . . . . . . . . . . . . . . . . .  . 

STORY WEAVING . . . . . . . . . . . . . . . . . . . . . . . 

HAIR DYES . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 

PALEOZOIC FISHES . . . . . . . . . . . . . . . . . . . .  . 
UNEMPWYMENT AND THE UNEM-

PLOYED . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 

MAGNESIUM & ITS ALLOyS . . . . . . . . . . . . 
ANIMAL LIFE IN FRESH WATER . . . . .  . 

BEVERAGE MANUFACTURE . . . . . . . . . . .  . 
LEATHER FINISHES . . . . . . . . . . . . . . . . . . . . 

WHITE SHOE DRESSINGS . . . . . . . . . . . . .  . 

PERCEPTION OF LIGHT . . . . . . . . . . . . . . .  . 

LIGHT . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 

CANNING PRACTICE & CONTROL . . . . . 
PORTLAND CEMENT . . . . . . . . . . . . . . . . . .  . 

BOOK OF GARDEN IMPROVEMENTS . .  . 

ASTHMA . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 
CATARRH . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 

HOW TO ESCAPE COLDS & INFLUENZA. 
PHOTOGRAPHY FOR PROFIT . . . . . . . . . .  . 

MORE INDOOR COMMUNITY GAMES . .  
FOREIGN EXCHANGE . . . . . . . . . . . . . . . . . .  . 

YOUR CHILD & BEAUTY . . . . . . . . . . . . . .  . 
YOUR CHILD & HEALTH . . . . . . . . . . . . . .  . 

YOUR CHILD & DIET . . . . . . . . . . . . . . . . . . 
QUALITATIVE ANALySIS . . . . . . . . . . . . . .  . 

SPARKING OF STEEL . . . . . . . . . . . . . . . . . .  . 
MINERALOGY OF ARIZONA . . . . . . . . . . .  . 
BRITISH CHEMICAL INDUSTRY . . . . . . . 

THERMIONIC PHENOMENA . . . . . . . . . . .  . 
BEET SUGAR CHEMISTS ' HANDBOOK . .  
REINFORCED CONCRETE IN EUROPE . 
NOTES ON CHEMICAL ANALySIS . . . . .  . 
RESEARCH NARRATIVES VOL. I . .  . 
RESEARCH NARRATIVES VOL. II . . . . . . 
RAINMAKING . . . . . . . . . . . . . . . . . . . . .  . 

OIL SALESMAN ' S  PRIMER . . . . . . . . . . . . .  . 
WOOD, LUMBER & TIMBER . . . . . . . . . . .  . 
PROCTOR' S  LEATHER CHEMISTS' 
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VARNISH MAKING (A SyMPOSIUM) . . .  . 
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TECHNOLOGY OF SOLVENTS . . .  . 
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SCIENTIFIC AMERICAN, 24 West 40th Street, New York, N. Y. 

--O U R  B O O K C O R N E R--

of a photographic annual which has 
come to be looked upon as one of the 
standards in the hobby. Sixteen articles 
cover various phases of photographic 
technique. A formulary section gives 
complete information on developing, 
printing, and toning, as well as on film 
speeds, paper speeds, . flash exposures. 
and so on. The pictorial section presents 
fJ6 reproductions of salon exhibition 
prints by famed photographers. The 
Market Guide lists a thousand names 
and addresses o f  organizations which 
purchase free-lance photographs. The 
bibliography lists photo trade magazines 
and current photographic books. (fJ70 
pages, 6 by 9 inches, numerous illustra
tions. ) -$l . l O  postpaid.-A . P. P. 

M O D E R N  A M ERICANS I N  
SC I EN C E  A N D  I N V E N T I O N  

By Edna Yost 

I
NSPIRATIONAL book, not for youngsters 

but for young men seeking to set 
worlds aflame. Accounts .of careers of 
Cornell ( telegrap h ) ,  Appleby ( knot
tying device ) ,  Smith ( father of health 
laws ) ,  B rashear ( famous p recISIOn 
optician ) ,  Ambrose Swasey (ma
chine tool builder ) ,  Gorgas ( Canal 
Zone ) ,  Wiley ( pure food ) ,  Sperry ( gyro
scopes ) ,  Carver ( Tuskeegee ) ,  Baeke
land ( B akelite ) ,  Carrier ( air-condition
ing ) ,  Kettering ( in vention s ) ,  Cottrell 
(precipitator ) ,  Williams ( vitamins ) ,  
Zworykin ( electronics ) ,  Truog ( soils ) .  
Author was once with A.S.M.E. (fJ70 
pages, 5 1;2  by 8 inches, unillustrated. ) 
$fJ.I0 postpaid.-A . G .  I. 

H O U S E  CONSTRUCT I O N  D ETAILS 

By Nelson L. Burbank 

S
ECOND and revised edition of a suc

cessful book published three years 
ago. Amateurs who are tool-handy, but 
uncertain about detailing the steps in 
putting together their design of a house, 
will find here the crutch that comple
ments them. It abounds in details, main
ly drawings, of how the many parts go 
together. Chapters o n :  plans, founda
tions, roofs, stairs, wiring, insulation, and 
other details ; also on cabins, cottages, 
farm buildings, painting, heating, and 
other work. (313 pages, 81;2 by 1 1  inches, 
heavily illustrated. ) -$3 . 1 0  postpaid.
A .  G. l .  

BENJAMIN FRAN K L l N 'S EXPERI M E N TS 

Edited by I. Bernard Cohen 

F
RANKLIN'S own accounts of his ex
periments and observations on elec

tricity have long been inaccessible be
cause publishers were mainly interested 
in his political and diplomatic aspects. 
Millikan rates him as one of only 14 
most influential men in the whole of sci
ence since 1473. The editor, a scholar 
working under auspices of Carnegie 
Institution of 'Vashington, here presents 
wise old Ben's original, unaltered writ
ings so that the reader may study his 
keen mind at work on electricity. ( 453 
pages, 51;2 by 8l,4 inches, 4 il lustrations. ) 
-$4 . 1 0  postpaid .-A . G. 1. 
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C U R R E N T  B U L L E T I N 
B R I E F S 

( The Editor will appreciate it 
if you will mention S dentine 
A mcTicart when writing for any of the pu blications listed below. ) 

How SMALL INDUSTRIES CAN Go AFTER 
WAit WORK is a 20-page pamphlet which 

tells how industries can secure loans for 
equipment to make war armaments, how 
small companies can form pools to obtain 
contracts, and other helpful data of value 
under present conditions. Copper and Brass 
Research Association, 4f!0 Lexington Ave
nue, New York, N e1V Y ork.-Gratis. 

CONSTRUCTION GLUES is a large folder 
which presents, partly in question-and

answer form, pertinent facts regarding 
the use of glues in the building field ·in 
prefabrication and in laminated arches 
and beams. A number of photographs 
show varied application. I. F. Lauck" 
Inc., 911 West ern A venue, Maritime 
Building, Seattle, Washing ton.-Gratia. 

OSGOOD MOBILCRANES is a l 2-page fully 
illustrated booklet describing different 

types of cranes, mounted on pneumatic 
tired chassis, which are powered with 
only one engine and operated by only 
one man. This one operator can control 
all the motions of the crane, including 
traveling.-The Osgood Company, 
Marion, Ohio.-Gratis. 

LABORATORY RHEOSTATS is a four-page 
circular describing "Lubri-tact" in

struments which have many important 
applications in industry. One of the dis
tinguishing features of  these instruments 
is a graphite lubricated contact which 
elimi nates wear and makes smooth ad

justment possible. Request bulletin 1 705. 
James G. Biddle Company, 11211-13 
Arch Street, Philadelphia, Pennsylvania.
Gratis. 

PRESSUltE-TREATED WOOD FOR PERMANENT 
Low COST HOUSING is an illustrated 

leaflet showing those parts of  buildings 
which need protection against decay and 
fungus, and suggested treatments for 
painted and unpainted wood. Wood Pre
serving Division, Koppers Company, 
£000 Koppers Building, Pittsburgh, Penn
sylvania.-Gratis. 

THE CAR.� AND USE OF ELECTRIC ApPLI-
ANCES IN THE HOl\IE is a 32-page in

dexed booklet which tells housewives how 
they can help in the present national 
elllergency by the efficient use and proper 
("'I re of their electrical apparatus. It also 
contains food buying and menu sugges
tions, as well as housework short cuts. 
]V es tinghouse A ppliance D ealers o·r di
rect from Wes tinghouse E lectric and 
}Ianufacturing Company, 40 Wall Street, 
;Yew York, New York.-Gratis. 

HANDBOOK FOR DRILLI>RS is a 48-page 
illustrated manual prepared especially for 

students in war production work, yet of 
equal interest to anyone in any way con
cerned with modern and standard shop 
praetice. It gives an introduction to the 

theory underlying the use of the twist drill 
and considerable data on speeds, feeds, and 
general operation. Exceptionally well 
illustrated. The Cleveland Twist Drill Com
pany, 1242 East 49th Street, Cleveland, 
Ohio.-Single copies gratis. Price on quanti
ties on application. 

IDEAL QUALITY TRANSMISSIONS is a 52-
page handbook which includes recom

mendations, application data, photos, 
and engineering information on variable 
speed pulleys and transmissions. The 
data presented are of interest to design 
engineers, mechanics, purchasing agents, 
and so on. Ideal Commutator D resser 
Company, Sycamore, Illinois.--Gratis. 

INDUSTRIAL RESEARCH IN THE UNITED 

STATES DURING 1 941 , by William A. 
Hamor, is a 36-page reprint that covers in 
considerable detail the subject of its title. 
Industries treated in this study run the 
whole gamut from coal to ceramics, from 
glass to chemistry, from metals to agricul
ture, and so on. Mellon Institute of Indus
trial Research, University of Pittsburgh, 
Pittsburgh, Pennsylvania.-Gratis. 

"DUSTUBE" DUST COLLECTORS is a 58-page 
pamphlet prepared as' a manual to serve 

plant engineers and officials in the selection 
of proper control equipment for specific dust 
problems. It includes practical and essen
tial data for efficient operation of dust 
control systems, technical layouts and en
gineering tables and charts for use in plan
ning applications of dust control units: Cat
alog No. 72. American Foundry Equipment 
Company, Mishawaka, Indiana.-Gratis. 

THE WRECKORD is a 36-page analysis of the 
facts about street and highway accidents 

in which 40,000 persons were killed and 
almost a million and a half were injured 
in 1 941 .-The Travelers Insurance Com
pany, Hartford, Connecticut.-Gratia. 

"TRANS-CEIVER" is a four-page leaflet de-
scribing a four-pound combination ultra 

short-wave, self-contained radio transmit
ter and receiver. W eltronic Corporation, 
3080 E. Outer Drive, Detroit, Michigan.
Gratis. 

METAL DUPLICATING WITHOUT DIES is a 
32-page engineering catalog which de

scribes in detail a simplified system for 
expediting industrial and military produc
tion. The system involves a series of stand
ardized shop units that, almost universally 
adjustable, will often take the place and do 
the work of dies, jigs, and fixtures. Many 
defense plants are speeding up their work 
by applying this system to short-run re
quirements. Request this bulletin on your 
business letterhead. 0' N eil-lrwin M anufac
turing Company, Minneapolis, Minnesota. 
-Gratis. 

AIRPORT LIGHTI1<G is a 42-page bulletin 
which covers the lighting and electrical 

distribution equipment involved in the de
sign of an airport. Typical layout plans with 
C.A.A. recommendations are given. 'Photo
graphs and brief descriptions of all . neces
sary floodlights, beacons, contact and bound
ary lights are included. Bulletin B-3046. 
Westinghouse Electric and Manufacturing 
Company, East Pittsburgh, Pennsylvania. 
-Gratis. 
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I N  WAR TI M E  
Finger Print 
I dentification 

i s  a valuable asset to you and to each 

of your employees--a proved measure 

of protection for both the individual 

and the organization to which he 

belongs. 

Supply your personnel department 

with 

Frederick Kuhne's 

" TH E  FI N GER PR INT 
I NSTRU CTO R "  

so that all in your employ-including 

the management-may have this pro

tection. By a noted finger print expert, 

formerly of The Bureau of Criminal 

Investigation, New York Police Depart

ment, this volume instructs in every 

phase of finger print operations. 

USED BY U N I TED STATES GOVERNMENT 
AND BY THE F .  B. I .  

$4.25 Postpaid 

Published by 
S C I E N T I F I C  A M E R I CAN 

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

HOPKINS' 

CYCLOPEDIA 
OF 

FORMULAS 
Is the foundation for the be· 

ginning of a fascinating hobby ; 
the groundwork on which to 
build a practical knowledge of 
useful chemical facts. 

Are You '-. 
� putting your spare time to good 

advantage ? 

� olle of the mnny who are seek
ing' a new field to enter ? 

� seekblg a means to 8a",,"f' money 
wherever possible ? 

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

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

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

For sale by 

SCIENTIFIC AMERICAN 
24 W. 40th St., New York City, N.Y. 
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r TELE SCOPT ICS  1 
A Month ly Depa rtment for the Amateur Telescope Maker 

Conducted by A L B E R T G .  I N G A L L S 
Editor  of the Scie ntific A m e ri c a n  books " A ma te u r  Te lescope M a ki n g "  

a n d  " A m a t e u r  Te lescope M a k i n g -A d v a n ced " 

IN his astronomical article, page 230, 
Professor Russell states that the princi

pal instrument possessed by the newly in
augurated :Mexican National Observatory is 
a Schmidt camera of 24" effective aperture, 
and he stresses its great value to astronomy . 
Amateur telescope makers are also keenly 
interested in the constructional side of any 
such instrument. and the Perkin-Elmer 
Corporation, now in a bright and shining, 
newly-built plant at Glenbrook, Connecti
cut, was therefore invited to submit a 
brief note for these pages . The note: 

"\Vhen the l\fexican Government con
tracted with the Perkin-Elmer Corporation 
for a large Schmidt camera, the aperture 
was specified as 24" .  The very outermost 
zones of a corrector plate, however, do not 
corne to proper curve by the treatment 
which is best for the inner zones . In the 
case of a 24" Schmidt previously made by 
this company for the Harvard College 
Observatory, the plate was not oversized, 
and consequently the edge zones delayed 
the final figure. For the Mexican instru
ment, therefore, Halley Mogey, Chief Op
tician, requested a larger blank, so that the 
24" clear aperture could be obtained in 
the least time. The grinding and edging 
operations were directed by T. J. La Lime, 
head of the grinding department. 

"Although the curve on this corrector 
plate is imperceptible to the eye (the focal 
ratio is f/3 .5 ) , the difference between it 
and a perfectly flat plate is an amount of 
glass as big as a lump of sugar (about a 
quarter of a cubic inch) all removed by 
polishing alone. 

Figure J :  Machine. mirror. Mogey 

Figure 4 r right} :  Schmidt evolution 

Figure 2:  La Lime and 3 1 "  mirror 

"Both the knife-edge and the Ronchi 
grating were nsed in the test set-up, which 
involved auto-collimation from a flat mir
ror and the use of a small periscope for 
looking at the image without obscuring 
much of the beam. When the mirror . and 
plate were completed, no errors at all could 
be seen under this test over at least a 
2472 " aperture." 

The three shop photographs, Figures 1, 
2, and 3, were furnished at our request by 
Richard Perkin . They were taken by the 
former amateur telescope maker, Robert E .  
Cox, who a year o r  two ago "went profes-

sional" with the Perkin-Elmer Corporation; 
another former amateur employed there 
being Daniel E. McGuire who similarly 
went professional several years ago . Ama
teurs are now in so many professional 
optical shops that this department finds 
it almost impossible to draw a line between 
the two. There actually is no such line; 
it has been washed out. Most of the pro
fessionals were amateurs at one time. 

Figure 1 shows the 3 1 "  Schmidt mirror 
disk in the last stage of emery before 
polishing. The machine itself will also in
terest our readers. So will chief optician 
Halley Mogey, who stands beside it. (Some 

Figure 3: Mogey's expert digit 

day this department may publish a series 
of personality articles on prominent people 
in professional optics .) Your scribe believes 
Halley Mogey's name never is mentioned 
without the inevitable after-question, "Was 
he named lor Halley's Comet? "  Halley 
Mogey really was named for Halley's 
Comet. What was more logical-his father 
a telescope maker and the two arrivals 
coinciding? The boy grew np in his father's 
shop at Plainfield, N. J. (now run by an
other son, William MOGey, assisted by 
Messrs. Brown, Lojas, and Grosswendt, all 
former amateurs) . There he gained the 

"feel" of glass and abrasive. Then he went 
off to college and gained theory, and re
turned equipped on both sides, practical 
and theoretical, to make maximum applica
tion of the mind-and-hand team. When 
Schmidts came along, a few years ago, he 
went to the Mt. Wilson optical shops to 
learn special Schmidt technique; and left 
there some of his own. In Figure 1 he is 
seen in shop clothes. A good optician, no 
manner how much theory he has in his
head, never is too lofty to get into working 
pants and use his hands. 

Figure 2 shows the same 8 1 " disk fine
ground, with T .  J. La Lime, head of the 
grinding department, measuring the radius 
of curvature with a spherometer. 
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---T E L E S C O P T I C S---

In Figure 3, Halley Mogey is hand
touching an outer zone on the 26" corrector 
plate of the Schmidt camera. Some years 
ago amateurs argued whether the tradi
tion that the old-time professionals nsed 
their hands as a "rubber" (as non-telescope 
making persons styled it) for local touching. 
was true or just a story. W'hile some argued, 
others tried it, and it worked . Since then 
it has been amply proved by other evidences 
that the old-timers did use this method; 
the popular tradition was quite correct. 
Besides, the method is not in any way re
markable; simply, instead of a small tool 
of pitch, a small tool of fine leather is 
used-that is. the hand or whatever part 
of the hand is the user's own pet method. 
In Figure 3 you see this method in the 
flesh. This photograph, now published, will 
be useful to show to occasional doubters 
about hand touching among professionals .  

N o dearer, simpler, more direct ex
planation of the working principlc of 

the Schmidt camera has been seen by this 
department than one found in a booklet 
describing the newly added equipment at 
the 'Varner and Swasey Observatory of  the 
Case School of Applied Science at Cleve
land. The drawings from the booklet are 
reproduced in Figure 4, and here is the ex
planation: 

"In 1931 Bernhart Schmidt. an optical 
worker at the Hamburg Observatory in 
Bergedorf, published an account of a re
flecting telescope free from nearly all the 
inherent defects common to such instru
ments. This was accomplished by intro
ducing a thin lens in front of a spherical 
mirror . 

"His reasoning was clear and logical, in 
spite of the fact that he avoided all mathe
matics. He ended his article by stating: 
'The method of producing the lens is as
sumed.' In other words, he was not going 
to reveal the secret, a characteristic com
mon to optical workers, particularly of the 
past. 

"It seems that the first Schmidt tele
scope was completed in the summer of 
1930, when Schmidt and a friend amused 
themselves by reading the epitaphs on the 
tombstones in a nearby cemetery. A re
markably detailed photograph of a wind
mill a mile and a quarter away, made with 
his first telescope during a moonless night, 
is now of historic interest. 

"In 1936, Dr. R. Schorr of Hamburg Ob
servatory finally disclosed the secret of how 
Schmidt, who had died in 1935, had pro
duced the surface of the all-important lells .  
Schmidt placed a plane-parallel disk of  
glass on the open end of a circular cylinder 
of nearly the same diameter and evacuated 
the cylinder until the desired . bending of 
the glass disk was secured. Then he polished 
the glass surface to a perfect plane. After 
allowing the air to re-fill the cylinder, the 
plane polished surface took the desired form 
of the lens . 

"The Schmidt-type telescope employs a 
spherical mirror instead of the usual para
bolic mirror of the reflector. Parallel rays 
incident upon a spherical mirror do not 
come to a focus at the same point. The 
rays striking the center of the mirror come 
to a focus at a point F, midway between 
the mirror and its center of curvature; 
while rays striking the outer zones come to 
a focus somewhat nearer to the mirror. 

C O M P L E T E  H I G H - G R A D E  K I T S  O U R  S P E C I A LT Y  
Headquarters for Amateur 

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

Free Aluminum Diagonal  
With Each Kit 

6" Kit w!�h 500 PageONLY S6 50 B o o k  A m a t e u r  • 
Telescope Making" (You .ave 500) 

4" 
6" 

8" 
10" 

Kit . . $2.95 
Kit . .  3.75 
Kit . . 6.50 
Kit . . 9.95 

POL I S H I N G  and PARABOLIZING 
MIRRORS, all sizes, made to order b y  
professionals, guaranteed correct. 
Prisms, eyepieces, accessories supplied. 

(Pyrex, $4.00) 
(Pyrex, 5.50) 

(Pyrex, 8.00) 
(Pyrex, 1 3.95) 

(Pyrex, 22.50) 1 2" Kit . . 14.75 

-------- A L U M I N  I Z I N  G--------
:FREE fiat given with each mirror z.luminized. A harder and brighter aluminum coating that is 
uniform and produces a lasting and superior reflecting surface on TELESCOPE and CAMERA 
MIRRORS, PRISMS. DIAGONALS . Guaranteed not to peel or blister. 
6" . . . . . . . . . . $2.50 8" . . . . . . . . . .  $3.50 1 0" . . . . . . . . . .  $5 .00 

Smd lor .1'0/11' FREE lIlllstrated Catalogue! 

T H E  P R E  C I S  I O N  0 P T I C  A L e O .  
, IDOl EAST 163rd STREET NeW YORK. N. Y. 

I ' " 1 I I ' I I I '  I 

KITS OUR SPECIALTY Surface Hardened 
4" kit . . $ 2.95 Pyrex . . .  $ 4.25 

ALUMINIZED 6"  kit . .  3.75 Pyrex . . .  5.50 

8" kit . . 6.75 Pyrex . . .  8.50 

10" kit . .  9.95 Pyrex . . .  13 .95 Coatings 
12" kit . .  14.75 Pyrex . . .  24.00 

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

a re uni formly superior i n  reflectivity an d  
i mp rove the performance o f  telescope 
mirrors, prisms, diagonal s , camera mir
rors, range finder mirrors and other 
optical front surface mirrors. Money-back guarantee that 

THESE KITS ARE SECOND TO NONE 
REGARDLESS OF PRICE 

These Surface Ha rdened Coatings a re used 
in Bonle o f  the largest obse rvatories on 
mirrors which a re famous throughout 
the world. Have you r mirrors coated 
with the best .  

PYREX MIRRORS 
Made to order, correctly figured, polished, and 
parabolized. Precise workmanship guaranteed . 
Prices on request . 

Price s :  4"-$ 1 . 7 5 ,  6"-$2 . 5 0,  8"-$ 3 .5 0, 1 0"-$ 5 . 0 0  and 1 2 % "-$8 .00 .  Up to 3 6" 
on req uest.  

WE DO POLISHING, PARABOLIZING AND L E ROY M. E. CLAU S I N G  
ALU M I N IZ I N G  720 Greenwood Ave. W i l mette. I I I. 

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

M. CHALFIN 

G.P.O. Box 207. New York. N .  Y.  GZA aJPJ 
c::7��SCoP Wilen yon ,,'rite to 

ad vertisers Popu lar I l lustrated 
Astronomical M onth l y  • The Editor will appreciate 

it if you will mention that 
you 

S C I E N T I F I C  

This combination of the former journals, 
The SKY and The Telescope, brings you the 
best i n  popular astronomy. For amateur as
tronomers-star charts, Gleanings for telescope 
makers, page for observers, and timely articles. $2 a year, domestic ; $2.50, foreign 

Single copy, 20 cents. saw 
SAMPLE COpy ON REQUEST 

it in A M E R I C A N  SKY PUBLISHING CORPORATION 
Harvard ObservatorYI Cambridge, Mass. 

TO MAKE A GOOD TELESCOPE 
is a most fascinating experience. W e  know , for w e  have made a 
lot of them, experimenting with all sorts of glass and abrasives. 
Experience indicates two " MUSTS" for making a good telescope. 

USE ONLY GOOD MATERIALS .  The cost of the best is so 
little that it is foolish to " bargain hunt" and almost certainly 
waste hours of work and care with failure at last. 

FINE GRIND THOROUGHLY. It is not difficult to get a 
perfect polish if the right abrasives are used persIstently enough. 
Twenty-two years of experience enables uS to supply : 
1 .  The best glass of the right thickness. 
2. The proper assortment of abrasives to give the best surtace with 

a minimum of labor. Our abrasives are supplied in tin cans. To 
use punch a hole and sprinkle. Seal between times with adhesive. 

3 .  Our famous #6 for the final grind, which materi ally shortens 
polishing time. 

4.  Ready-tempered pitch, and best rouge, for polishin�. 
KITS . The above selected materials combined in a set,  WIth instruc
tions for making a complete telescope. For the six· inch aperture 
size this costs only $5.00. This includes a test of your completed 
parabolic mirror with advice for correcting any errors found.  

Write for catalogue of supplies. 

John M. Pierce 1 1  Harvard St. Springfield, Vermont 
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MAKE YOUR OWN 
TELESCOPE 

at a cost of less 
than $25. 

working from inexpensive, pre
pared kits of glass, abrasives, 
and pitch, and by following the 
practical, detailed instructions 
in 

"AMATEUR 
TELESCOPE MAKING" 

This beginner's book, from which 

more than 25,000 telescopes have been 

made by amateurs, gives elementary 

information on how to plan and build 

the mounting, how to grind, polish, 

and accurately shape the essential 

glass parts by hand. All necessary data 

are presented in easily understandable 

form. 

Over 500 pages Profusely Illustrated 
$4.00 postpaid, domestic 

$4.35 foreign 

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

Owners of 
"AMATEUR TELESCOPE MAKING" 
who have been bitten deeply b y  the 

hobby bug of glass p u shing will  find 

a comp etent guide to advanced mirror 

technique, flat  making, eyepiece work, 

telescop e  drives, aluminizing, observ

atories, and m any other aspects of 
the optical hobby in the companion 

volume 

"AMATEUR TELESCOPE 
MAKING-ADVANCED" 
This is a wholly different book · 

from "Amatenr Telescope Making." 

650 pages 359 iliustrationJ 
Over 300,000 ,words 

$5.00 postpaid, domestic 

$5.35 foreign 

SCIENTIFIC AMERICAN 
24 West 40th St., New York, N. Y. 
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----------T EL ES CO PT I C S---------

"If, however, we make the light striking 
this outer zone slightly divergent, all the 
rays can be brought to a focus at F. This 
is accomplished by placing a thin lens in 
front of the mirror and at its center of 
cunature, The shape of such a lens is 
shown in the second diagram. 

"This results in the combination in the 
third diagTam. 

"The same results may be accomplished 
by introducing at R .  a lens with a shape 

. I shown in the fourth diagram. 

I' "In this case, the outer rays are less 
divergent and the center rays slightly con
vergent. The resulting combination, with 
the focus now a little closer to the mirror, 
is shown in the final diagram. 

"If the parallel rays are directed to the 
telescope from an angle different from the 
one shown in the above figures, they will 
again come to an exact focus. This is due 
to the fact that the mirror is spherical 
and has no axis. and the lens is at the 
center of curvature of the mirror. The 
optical system thus remains exactly the 
same as before. 

"The bundles of parallel rays striking 
the mirror from all angles will thus be 
focused on a photographic plate bent into 
a slightly spherical surface. In practice it 
is easy to bend ordinary flat photographic 
plates into the necessary spherical form. 

"Stated in another way-rays of light 
entering the telescope from stars widely 
separated in the sky will be brought to an 
exact focus; a condition not realized in the 
usual reflecting telescope. Thus a large area 
of the sky may be photographed at one 
time. 

"Since the lens employed is relatively 
thin, it produces an instrument which is 
free from the color defects associated with 
refracting telescopes. Also, since the focal 
ratio of the telescope can be made small 
without sacrificing other desirable proper
ties, the instrnment is 'fast' in the same 
sense as the word is used with respect to 
cameras. 

"The wide-angle field, the achromatic 
properties, and the speed, are the three 
principal advantages of the Schmidt tele
scope." 

The new Schmidt camera at the Warner 
and Swasey Observatory has a 86" Pyrex 
mirror of 14' radius of curvature, with a 24" 
lens of Vita-glass, .8" thick. Maximnm de
parture from a plane is .0005" and the 
optical work was done by C. A. Lundin of 
the Warner and Swasey Co., Cleveland. 
Ohio. 

BEFORE the beginner has picked up 
from here and there a modicum of 

general background about telescope prin
ciples he is almost sure to run np at least 
one blind alley in pursuit of a beautiful 
illusion. Your scribe, for example, in 1924, 
when quite innocent of telescoptical back
ground, saw a picture of a group of re
flectors made by the Telescope Makers of 
Springfield, Vermont. One of them was 
short, chubby, compact, unlike the others. 
Obviously that one would be much better, 
hence the one to make. Now it happens 
that a short chubby telescope (short focal 
ratio) is an ideal one for the tyro not to 
make, because the curve of the mirror is 
much more difficult when deep-more ad
vanced work. Russell Porter explained this 
fact and your scribe desisted. 

On the opposite extreme are telescopes 
having great length-long focal ratio-and 
when the tyro discovers that these give 
high magnification he is inclined to plump 
for one as his first job. These, however, 
are a headache in other ways. As John 
Pierce puts it: "Made a 4" of 90" focal 
length with very poor results · so far as 
comfort in observing goes-hard to point
diagonal large and field necessarily small, 
since the large-lens eyepieces are not avail
able." 

Commenting on a tyro's proposal to 
make a "high-magnification" telescope with 
focal ratio 40, Alan R. Kirkham made ap
posite observations in an old letter dug up 
by your scribe from the lower, or pre
Cambrian, strata of his desk (had a house
cleaning) : 

"Focal ratios of longer than f /20, which 
itself is extreme, cannot be recommended 
because they do not give full fields with 
any but eyepieces whose magnifying power 
is above most practicable limits. The focal 
image of the Moon in a telescope of 6" 
aperture and focal ratio of 40 is big-about 
2.088" in diameter-it is true. However, 
compare the size of the field lens of a 1 " 
eyepiece with this and see how miserably 
small the field actually seen will be. In 
order to get down within the magnifying 
power universally agreed to be best for 
seeing, about 16 diameters to the inch, or 
perhaps 10 to 20 diameters depending on 
various factors, we require a 2%" eyepiece 
with such a telescope. Good eyepieces are 
easily designed for a useful field of 400,  
but the ability to give this apparent range 
depends on the field lens being large enough 
to receive all the rays of 40 0 magnification. 
The condition is met with in all eyepieces 
of about 1%"  focns, down. A 1%"  eye
piece needs a field lens 1 VB"  in diameter, 
a 2" eyepiece one of 1%"  diameter, and 
a 2%" should have a field lens about 2" 
in diameter. These 'out' sizes are hard or 
impossible to find-it's about like asking 
for a size 22 shoe at a shoe store. In a 
nutshell, we get only a narrow field, caused 
by the telescope itself having wrong pro
portions. Moreover, these eyepieces would 
have great spherical aberration. They also 
require several inches of rack and pinion 
work for focusing from the longest to the 
shortest of them, and require diagonals of 
too great size. They also suffer from curva
ture of field. 

"If that is not enough, there are other 
reasons why the existing range of eyepieces 
became more or less standard-for it didn't 
just 'happen.' The long focal ratio takes 
a very long and awkward tube, and this 
means trouble in keeping the optical ele
ments in alinement. Besides, try figuring 
an f/40 mirror-I did. Just like looking 
at the head of a pin. Diffraction effects 
are ·very great, and the mirror even seems 
to move around with the motion of the 
eye. In focograms, such mirrors are sur
rounded by a diffraction edge half the 
radius of the mirror itself. Finally, the 
image is poorly illuminated." 

Persons who urge the beginner to adopt 
conventional designs in anything, just be
cause these designs are conventional are, 
of course, simply gratuitous irritants; but 
on the other hand there often-though not 
always-is some sound reason behind a con
vention, representing the experience of 
those who came before. 
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LEA RN THE EASIES T Of A L L  LA NG UA GES 

FOR BUSINESS OR PLEASURE 
Expanding U. S. trade with South America means new op

portunities if you can speak SPANISH ! Today, more than ever 
before, American firms need SPANISH-SPEAKING export man
agers, clerks, translators, salesmen, engineers, stenographers, 
secretaries, business and professional people ! 

World conditions have made SPANISH the most important 
foreign language. American tourists are discovering new thrills 
in Central and South America-in the beauties of Havana, Pan
ama, Lima, Mexico City, Buenos Aires ! And now you can learn 
SPANISH in your spare moments-right in your own home
quickly, easily, cheaply ! 

Learn as a ch i ld learns-by l istening 

to native i nstructors you r  own 

T HE natural way to learn SPANISH, or any 
language, is by listening to i t-the way chil

dren learn ! This is the Cort'naphone way : to 
listen, then repeat what you hear until speaking 
the language becomes natural to you. 

the thrill of being able to stray away from the 
"beaten paths" of the conducted tr:lvel tours
and t ruly enjoy out of the way corners of lands 
to the south ! 

You'll be amazed how quickly you can pick up 
Cortina "Learn by Listening" Records bring the 

clear, cultured voice of a native SPAN-
ordinary conversation ! Business and commercial 

terms soon become second nature to 
you ! With Cortina "Learn by Listen
ing" Records, you can progress as 
fast, or as leisurely, as you wish ! 

ISH instructor with easy time-tested 
Cortina lessons right into your living
room. He talks to you whenever you 
wish-as often as you like-in fault
less, idiomatic Spanish. He converses 
with you just as any SPANISH
SPEAKI�G person would, on the 
streets, in shops, in the offices of a 
South or Central American city. Your 
instructor never tires, never complains ! 

New Opportunities Ahead
Now is the Time to Learn ! 

FRE N C H .  GERMAN , 
ITALIAN, Also Taught 

Cortinaphonc Courses 
in FrPllch, Gfrman, 
I t a l i a n  and English 
(for Spanish-spl'aking 
peopl e )  are as effec
tive in teaching you 
a new language a..-; the 
S p a n i s h  course de
scribed here, and are 
sent on the same 
"Proof in 5 Days" 
Offer. 

Check the language 
of your choice on cou·  
pon be low. 

Prove it Yourself-
M ake This 5.Day Test 

The Cortina Method has been teach
ing languages successfully for 60 years ! 
And it can do for you personally 
what it has done for thousands of 
others-if you will give it the chance. 
The five days ' trial in your own home 
will demonstrate this to your entire 
satisfaction--{)r it costs you nothing ! SPANISH is the easiest of all lan

guages to learn ! And this is the finest 
time to learn it. The tremendous expansion of 
our interests in the Latin American countries will 
open up excellent opportunities for years to come ! 
Practically every day our newspapers announce 
new trade pat:ts and the opening of new branch 
offices in South America by U. S. firms. 

Today, when SPANISH, the most 
important foreign language in the world, can 
mean so much financial gain and travel pleasure, 
why not see what this fascinating inexpensive 
Cortinaphone Method will do for you ? You risk 
nothing. You first PROVE-right at home

home ! 

What Others Say 
R U  D Y  V A L L E E  

says . . .  "delighted \vith re"iults 
from Spanish and French Cortina
phone (jourses . . . im'aluable in 
broadcasting and recording . "  

F R A N K L U T H E R  

says . . .  "Pronunciation o n  rec 
ords remarlmbly clear. " 

" A nyo n e  Can Learn" 

"Your clear records make it pos
sible for anyone to learn the 
language of their choice. "-M r. 
Tom W h ite, M uskogee, Okla.  

"A Good I nvestment" 

"lIMe ju,.,t returned fnom �fexico 
and found that my Cortinaphone 
Course was a good inyostment. " 
P h i l l i ps B. I de n .  

Pro n o u nc iat ion  Surpri ses Teachers 

"The teachers of the schools here 
are surprised at the pronuncia
tion which I acquired through 
your records. " - L .  B. O rego n .  

I m m i g ration  Official  
Wel l  Satisfied 

"I belieYe your Method to be nn
snrpassed for acquiring a \vorking 
ImO\vledge of a foreign language 
in the shortest time, and 1 am 
well satisfied with the progress 
I have made. "-L. S., U. S. I m 
m i g rati o n  a n d  N atural izat ion  
Servi ce. 

Remember, SPANISH means greater social ad
vantages, too. Everyone should know at least one 
foreign language. With SPANISH, you discover 
new and interesting cultural fields. And imagine 

tha t this amazing 
method CAN teach 
you the language of  
your choice in only 
15 minutes a day . . 

r - - - - - - - - - - - - - - - - - - - - - - - - - � 
C O RT I N A  ACA D E M Y  ( Language Special ists For 60 Years) 

F R E E  B O O K D ESC RI B ES 5 ·  DAY 
T RIAL OFFER. 

Without obligation, we will send the Cortina Academy's free book, 
"The Cortina Short-Cut to Speaking Foreign Languages." In 32 fascinat
ing pages, this book tells all about the easy Cortinaphone Method and 
how it  can open up opportunities to you. Mail coupon today-�OW. 

C O R T I N A  A C A D E M Y 
DEPARTM ENT 1 55 

C Language Specialists For 60 Years I 
1 05 WEST 40th STREET NEW YORK, N .  Y. 

Dept. 1 55 ,  1 05 West 40th Street, !'lew York, N .  Y. 

Please send me--without obligation-your free 
book "The Cortina Short Cut" and Proof-in-5-
Days offer. 

(Check language in which you are interested) 
o Span ish  0 French 0 Germa n 0 I ta l ia n 

N a m e  

A d d ress 

City.  State . 

- - - - - - - - - - - - - - - - - - - - - - - - - - �  



li T O  P R O V I D E  F O R  T H E  C O M M O N D E F E N S E , T O  P R O M O T E T H E G E N E R A L  W E L F A R E II 

Th roats to spea k  ou r nation 's piece 

THERE'S A BLOOD-TINGLING A.NSWER to 
the challenge of Pearl Harhor. 

There's a voice that will speak for the 
men who stood to their guns at lVlidway 
and \Yake-the don't-tread-on-me roar 
of an aroused America : the voice of the 
Navy's big guns. 

At cities far from the oceans, in brand
new, \Yestinghouse-operated factories, 
will be built much of the Navy's ordnance 
which will sound our nation's  determina
tion to preserve this freedom we have 
worked so long to build. 

Here, in 1 43 days, plants were built, 
machines were installed, craftsmen were 
trained, in an outstanding example of 
the way \Yestinghouse "know how" is 
working three shifts a day for our \Yar 
Program. 

\Yhat is this \Yestinghouse "know how" 
that brought these plants so rapidly from 
blueprint to production ? It is the hard
earned skill of our craftsmen, trained in 
the Westinghouse tradition. It is ex
perience and industrial ingenuity. It is 

the ability to get things done in the 
best possible way. 

You've experienced this \Yestinghouse 
"know how" before. You've seen it at 
work in great power plants, in refrigera
tors, electric ranges, street railways, 
elevators,  and manv another necessity 
of peacetime living .' Till a few months 
ago, these were but a few of our con
tributions to the general welfare. 

Today this same \Yestinghouse "know 
how" is serving the cause of the common 
defense.  It is building parts for tanks 
and aircraft, binocnlars and big guns, 
lights for airports, and mounts for anti
aircraft guns . It's  a $400,000,000 effort 
. . .  and it is as varied as it is  big.  

Research - the h e a rt 
of our effort 

Today, \Y cstinghouse has become a huge 
"arsenal of democracy . "  But one thing 
about us has not changed-that is our 
dependence upon the scientists and en
gineers who man the great \Yestinghouse 
Research Laboratories . Now, as in times 
of peace, their work is the very heart of 
our effort. \Ye wish we could reveal all 
the inventions and improvements these 
men have already perfected and turned 
over to our armed forces-but they 
must remain secret. 

Th e work goes Oil-and will go 011 
until America's war has been won ! 

Westinghouse @ 
W E S T I N G H O U S E  E L E C T R I C  & M A N U F A C T U R I N G  C O M P A N Y , P I T T S B U R G H , P E N N A . 




