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liThe Invisible Roinbow thot benefits 011 monkindll 
When you look at a rainbow in the sky, 
you see nature performing a fascinating 
experiment in optics. Tiny drops of 
moisture, acting as prisms, have broken 
the sunlight into its component parts. 

The familiar white light we know as 
sunlight is really a combination of many 
rainbow bands of color, making up the 
visible portion of the Photographic 
Spectrum. 

But there's another rainbow in nature 
... an invisible rainbow that benefits all 
mankind. 

This is the complete Electromagnetic 
Spectrum, with bands of radiation that 
stretch out in an infinity of wave lengths 
on both sides of the Photographic 
Spectrum. 

• • • 

To the right of the Photographic Spec­
trum lie the shorter wave lengths of the 
Ultraviolet Spectrum .. Here we find the 

invisible radiations that make fluorescent 
tubes glow ... erythemal rays that tan 
the skin . . . bactericidal rays that kill 
air-borne bacteria. 

Further to the right is the X-Ray 
Spectrum ... still shorter radiations that 
science has harnessed to diagnose and 
heal many human ailments ... rays that 
penetrate heavy armor plate. 

At the very end of the scale are the 
Cosmic Rays ... unknown, mysterious 
cosmic particles that constantly bom­
bard the earth. 

• • • 

To the left of the Photographic Spectrum 
are the longer wave lengths of the Infra­
red Spectrum . .. invisible radiant heat 

waves from the sun that penetrate win­
dow glass ... rays emitted by electric 
heaters and steam radiators to help 
warm our homes. 

Next, is the Radio Spectrum ... micro­
waves that guide planes and ships to 
their destinations ... longer waves that 

bring us radio and television entertain­
ment. 

And finally, the longest waves of all, 
the Induction-Heating Spectrum ... ex­
tensively employed by industry in the 
annealing and heat treatment of metals. 

• • • 

Westinghouse Research Engineers have 
played a major part in exploring and 
putting to useful work the myriad radia­
tions in the Electromagnetic Spectrum. 

As a result of the "know how" gained 
through years of experimental work in 
the Westinghouse Research Laborato­
ries, these scientists have prepared a 
full-color chart which illustrates and ex­
plains every phase of the complete Elec­
tromagnetic Spectrum . 

How to get this fascinating chart 
The Electromagnetic Spectrum Chart, 
size 30" x 40", lithographed in 8 colors 
on heavy linen, is now offered to engi­
neers and scientists for only $2, postage 
prepaid. Address: Department 6N-17, 
Westinghouse Electric & Manufacturing 
Co., East Pittsburgh, Pa. 

Westinghouse @ 
• • •  MAKING ELECTRICITY WORK FOR VICTORY 



WEARING new battle helmets, mem­
bers of the merchant crew and Navy 
armed guard aboard ship practice 
operating a 20 mill imeter gun. The 
crew member in the center of the 
picture is removing an empty 'magazine 
from the gun ; the one at the right is 
prepared to hand over a new one. The 
canvas bag beneath the magazine 
catches the empty shells. U. S. Navy 
Official Photo. 
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50 Years Ago in • • • 

(Condensed From Issues of December, 1892) 

CANAL-"At a recent New Orleans convention, which was 
attended by prominent business men from many sections of the 
country, the main effort was, to bring to bear upon Congress 
sufficient influence to secure government aid in building the 
Nicaragua CanaL" 

STILL BAFFLING-"One of the subjects of invention which 
seem to have baffled inventors for many years is a practical 
cotton harvester. . .  To a large extent, cotton planters in the 
South have been hampered by the difficulty in obtaining labor 
at the right time, and, as a result, serious losses have followed ; 
but at length a machine has been perfected which, may reduce 
cotton harvesting to a certainty. To run this machine, two men 
and a single team are required. It will harvest from 5,000 to 
6,000 pounds of cotton per day at a cost of $3 to $4, as against 
forty men picking not over 1 50 pounds each per day at a cost of 
$30 . . .  The machine consists of a frame suspended on ordinary 

wagon gear and inclosed in wire cloth. Within the frame are 
journaled two series of vertical shafts, upon which are placed 
beaters having spring arms. Through the bottom of the frame 
extends a slot, through which the stalks of the cotton plants 
"ass. In the bottom of the frame are arranged conveyors which 
t:arry the cotton beaten from the plant rearwardly and up­
wardly, and deliver it to bags attached to the elevators at the 
rear of the machine. . . One of these machines has been in 
operation this season in Alabama, yielding the results we have 
described above." 

INFUSIBLE-"Magnesia, formerly chiefly valued on account 
of its medicinal properties, has recently risen into great com­
mercial importance, owing to its infusibility and its employment 
as a lining for converters used in the basic process of steel 

, rnanufacture." 

FALLING-"A fall, as a rule, injures a drunken man much 
less than a sober one, because, the controlling power of the 
mind being rendered nil through intoxication, the body falls 
as an inert mass, and thus the chances of inj ury are lessened, 
for, strange though it may appear, it is no less a fact that the 
most numerous cases of injury arising from a fall are caused 
by the effort, voluntary or otherwise, to avert the consequences, 
thus straining the muscles and tendons." 

242 

BALLOONING-"A very interesting balloon ascension took 
place at the end of the month of October. Mr. Mallet started at 
6 o'clock in the evening of Sunday, October 23, in a balloon of 
28,660 cubic feet capacity . . . .  The balloon touched earth in the 
midst of a snow storm at half past 6 o'clock in the morning of 
Tuesday, October 25. The trip lasted 36 h. 30 m. No balloon 
has, up to the present, remained so long in the air." 

YESTERYEAR-"The National Association of Carriage 
Builders held their 20th anniversary recently in Buffalo. New 
York Among the subj ects treated a particularly important one, 
and interesting in view of the general movement for the advance 
of technical education, related to the establishment of a carriage 
builders' technical schooL . .  Carriage building is rapidly devel­
oping and bids fair to become a true profession. The past year 
has witnessed remarkable results obtained by the introduction 
of ball bearings and pneumatic tires on racing wagons, and it 
is hard to believe that the day is not near at hand when vehicles 
of luxury will be thus equipped." 

MA TCHES-"If the worthy gentlemen who control a monopoly 
of the trade in matches in the United States will give ear to 
reason, they will improve the quality of their product, even if 
in so doing they have to sacrifice a tithe of their present profits. 
Some of the matches now sold are a nuisance because of their 
unreliability, while others are a constant source of danger to 
property, if not to life, even in the hands of careful people. A 
portion of these latter drop a portion of the inflammable com­
position invariably, and if it happens to light on combustible 
material, a fire is pretty sure to result." 

BRITISH NAVY-"By the launch of the Revenge from the 
works of Messrs. Palmer's  Shipbuilding and Iron Company, 
Jarrowr on the 3d of November, and the floating of the Royal 
Oak from her building dock at Messrs. Laird's establishment, 
Birkenhead, the fighting strength of the British navy has been 
materially increased. These vessels belong to a class of eight, 
provision for the construction of which was made in the Hamil­
ton Defense act of 1889, and they are considered on all hands 
to be, as regards strength and power for battle, superior to any 
first-class battle ships possessed by foreign powers. " 

ELEV ATED-"In the early days of New York elevated rail­
ways the man who appears to have most highly appreciated 
their value and foresaw their great future was Mr. Jay Gould, 
a \Vall Street broker. He bought out the Tilden and Field 
interests and so gained control of the works. The roads are 
admirably managed, and their extension in various directions 
would greatly add to the public convenience," 

COLOR PHOTOGRAPHY-"M. Lippmann has been pursuing 
with energy his investigations into color photography. He says 
that 'on the layers of albumino-bromide of silver rendered 
orthochromatic by azaline and cyanina, I obtained very brilliant 
photographs of spectra. All the colors came out at once, even 
the red, without the interposition of colored screens, and after 
an exposure of from five to thirty seconds. '  He submitted 
photographs of stained glass windows, draperies, oranges, 
and a parrot, taken by electric light with five to ten minutes' 
exposure, in which the color is noticeable as well as the 
form." 
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THE PATH OF WAR 

Telephone lines are the paths of war. 

Marching over them in endless file are 

messages that must get through. 

There's no way to build more lines be­

cause materials are going into arms for men 

like these American' para-ski troops. But 

there is a way you can help keep the wires 

clear for urgent needs. 

Please don't make Long Distance calls 

to centers of war activity unless they 

are VITAL. 

Remember - war calls come first! 

Bell Telephone System 

J 
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CENSORS H I P  

To THE foreign readers o f  SCIENTIFIC AMERICAN there 
is due an explanation of certain oddities which they have 
recently seen in these pages ; to our domestic reader group 
there is inherent interest in this explanation regarding 
one of the many difficulties which war places on the pub­
lication of a magazine. The oddities referred to consisted 
of blank spaces in the editorial content of the magazine, 
sometimes only a few lines in extent, sometimes full pages 
and more. In these spaces, from which certain articles 
had been deleted, there appeared a statement to the effect 
that the material originally scheduled for these spaces was 
not approved for export by the Office of Censorship. 

Compulsory censorship ? Restriction of the freedom of 
the press? Not exactly, in this case, but, rather, a censor­
ship set up for a war purpose and being carried on by 
a group of men who are doing it with a commendable sense 
of the responsibility which has been vested in them. 

After the editor has made his selection of articles, and 
has carefully combed it for possible offending material, it 
is submitted to the Technical Data Division of the Board of 
Economic Warfare. In this division there has been set up a 
staff of experts in various fields whose job it is to go 
over the submitted material and to judge whether or not it 
complies with the general rules. If it does, these experts 
pass it on to the Office of Censorship where the material is 
once more reviewed. If it again passes the official scrutiny, 
a license is issued to the publisher and he is permitted to 
export the material-to send it out to his foreign sub­
scribers. 

But suppose the two groups of governmental officials men­
tioned above do not agree with the editor's selection ? Then 
the license is issued with restrictions: The offending mate­
rial must be "excised" from all copies that are to be mailed 
abroad. How to excise it is left up to the publisher's judg­
ment. In the cases with which SCIENTIFIC AMERiCAN has 
been specifically concerned, the directive for excision was 
not received until nearly press time. Thus the decision 
was made to run the material in those copies intended for 
domestic consumption and to l ift the type and run blank 
spaces, with the notice mentioned above, in those copies 
to be sent out of the country .. So far this has been done in 
two issues. 

That, in essence, is the mechanics of the only compulsory 
censorship which has so far been placed on· the press of 
the United States. It concerns only export copies, and 
therein lies the obvious futility of it all. We have not been 
reading too many spy stories or seeing too many movies 
when we state that it is our belief that every copy of 
SCIENTIFIC AMERICAN and of every other semi-technical 
and technical publication in the United States is carefully 
scanned, in this country, by foreign agents. This they do 
regularly, regardless of whether or not a single copy of a 
single informative publication is ever placed in the foreign 
mails by its publisher. 

We are not alone in our opinion regarding the efficiency 
of the enemies' information collection systems. We have 
talked to many men directly concerned with the problems 
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of censorship and, almost without exception, they agree 
that technical information originating in the United State� 
could possibly reach enemy hands long before it could ever 
get there as a result of copies of magazines being mailed 
to foreign addresses. ( The reader should bear in mind. 
of course, that no magazines can be transmitted to enemy 
countries, to enemy occupied or controlled territory, or 
even to certain countries contiguous to enemy nations. )  

Yet these men o f  the Board o f  Economic Warfare art' 
carrying on faithfully in a thankless j ob. They are con­
stantly at swords' points with publishers ; they are alway� 
open to the suspicion that they are playing favorites. Yet 
they discharge their duties as they see them. Although 
they are the men who "make holes" in our copies intended 
for export, we have the greatest of respect and the greatest 
of sympathy for them in an unenviable position. 

Our only hope is  that someday there will come a com­
plete realization of the futility of the present export censor­
ship and that these technicians who now spend their days 
poring over page proofs will be released from this tedious 
process, to turn their technical talents to more fruitful 
fields of endeavor.-A.P.P. 

WHERE STAND T H E  V ITAM INS? 

W HERE do vitamins stand today in sound, conservative. 
scientific and medical circles? 

N ow and then the American Medical Association issue� 
official reports in which subjects-some of them not neces­
sarily brand new-are weighed and sifted just as if they 
were new. That is, detachedly. A recent report of the As­
sociation's Councils on Pharmacy and Chemistry and on 
Foods and Nutrition thus deals with the vitamin mixture!' 
available in prepared form-capsules or tablets. 

First, the Councils find that prolonged deprivation of 
vitamins does produce a variety of diseases.  Advice to the 
physician dwells on treating these diseases first with a 
food diet rich in vitamins, but does not condemn or even 
look askance at supplementing the diet with appropriate 
vitamin preparations. 

Still unremedied, the Councils find, is the fact that some 
of the vitamin mixtures are badly balanced-enormou!' 
doses of Vitamins A and D and relatively insignificant 
amounts of riboflavin ( B2 ) . For the adult, the minimum 
daily requirement of vitamins it recommends is: Vitamin A, 
4000 U. S. P. units ; Bl' 1 mg. ; r iboflavin, 2 mg. ; C, 30 mg. : 
D, 400 U. S. P. units . It also asks for more informative 
labeling and for restrictions of advertising claims. 

These are total vitamin intake requirements. If the lay­
man who is not under a doctor's care can obtain all of these 
direct from his diet, we shall not become a nation of pill 
gulpers .-A.G.I. 
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Personalities 

in 

Industry 

By the time he was 21 years old. 
Edgar Staley Gorrell had accumu 

lated a diploma from Baltimore City 
College, a B . Sc. and a lieutenancy 
from West Point, and an insatiable 
desire to learn all there was to know 
-tbout aviation. During the next eight 
years of his extremely active life, the 
young officer not only satisfied his ap­
petite for knowledge of flying, but he 
also acquired an M. Sc. from Massa­
chusetts Institute of Technology, a 
colonel's commission in the Army, the 
Mexican Punitive Expedition medal, 
the British D.S .O., the French Legion 
of Honor, and the Victory and Dis­
tinguished Service medals from his 
()wn country. 

These awards are readily under­
,tandable when it is known that after 
twO years in the infantry, the youthful 
lieutenant transferred to the Aviation 
Section, S ignal Corps ( now the Army 
Air Corps ) as early as 19 14, went with 
Pershing into Mexico, and was sent 
to Europe in 19 17  as a member of the 
Bolling Commission to help determine 
what aerial material should be pro­
duced in the United States and what 
produced abroad. From that start he 
moved to Chief Engineer Officer of 
.'\ir Service of the A.E.F. ,  and in the 
course of serving on all five fronts he 
became successively Assistant Chief 
of Staff and Chief of Staff of our ex­
peditionary air forces. 

In 1920, at the ripe old age of 29, 
he resigned from the Army with the 
rank of Colonel, and for the next 1 5  
years the automotive industry claimed 
his close attention. However, in 1936 

w 
( 

EDGAR STALEY GORRELL 

the scheduled airlines agreed that their 
industry needed as a "czar" a man 
with practical flying experience, ex· 
ecutive and diplomatic ability, scien­
tific background, and general knowl­
edge of aviation. Colonel Gorrell was 
chosen for this position and became 
president of the newly organized Air 
Transport Association of America. 

S ince then the head of the Air 
Transport Association has been a busy 
lUan. He averages 100,000 miles a 
year on the airlines, writes one or 
more dynamic pamphlets or speeches 
a week. When he is in his Chicago 
office-and that has totaled as little as 
65 days out of a year-his rapid·fire 
dictation keeps two, sometimes three 
stenographers well occupied. His is 
a powerful, constructive force in pub· 
lic relations, and his absolute fetish 
toward safety and accuracy has been 
successfully transmitted to every mem­
ber of the industry, as attested by the 
records . 

Now past the half-century mark. 
whatever the Colonel does, he still does 
with all his might, be it .work. swim-

ming, collecting odd bits of·' Lah 
Michigan driftwood, or gardening at 
his home in Lake Forest, Illinois. In 
the latter, Mrs. Gorrell, who is an 
aviator in her own right, joins in keen 
competition. There is a third Gorrell. 
ll-year old Peter, whose laudable am· 
bition is to emulate his Dad, and whu 
is the pride of the Colonel's little 
"regiment." 

. 

Probably the achievement of which 
he is most proud was his membership 
on the Army Air Service Investigat­
ing Committee of 1934, for it was from 
the deliberations of that body that the 
G.H.I .  Air Force was created (the 
Colonel's idea), and from which much 
of a constructive nature with respect 
to military aviation has been accom­
plished. Add to this the fact that 
Colonel Gorrell's views and comments 
since his association with the Air 
Transport Association have contrih­
uted much to the background for legis­
lative and administrative action in civil 
flying, and it is easy to see why he 
has been termed the "spark-plug" of 
our civil aviation industry. 
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98TH 
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NAVY SKY-FIGHTERS 

DECEMBER 
1942 

Aircraft of the United States Navy 

M'lDERN naval warfare is three­
dimensional ; gone forever are 

the days when sea fighting was re­
stricted to encounters between surface 
ships. The navies of today fight on the 
sea, in the air above, and in the waters 
beneath. Relative strength can no 
longer be calculated by the s imple 
process of totaling tons and guns ; new 
weapons-the mine, the torpedo, the 
submarine, and the airplane - have 
made their appearance, adding many 
complex and unpredictable factors to 
the art of sea warfare. 

Latest of these weapons is the air­
plane, an American invention which 
appeared just after the turn of the 
century. A few years later in World 
\iVar I, planes were employed with 
some effect in the military operations, 
but they had little influence on the 
war at sea. It was not until the years 
immediately following the 1914-18 
conflict that the possibilities of naval 
aviation began to be fully realized, 
and then only by the most rabid air 
enthusiasts. Like most pleaders for 
some special weapon, however, they 
overstated the case for the plane, 
blandly declaring that it had made 
battleships obsolete and would even 
abolish navies altogether. Actually, the 
plane has done nothing of the sort, 
but it has quite definitely established 
itself as another and absolutely essen­
tial weapon of naval warfare. 

The United States Navy was one of 
the first to recognize the potential 
value of aircraft and today possesses 
what is generally conceded to be the 
finest air service of its kind in the 
world. Our naval planes are as good 
as or better than those of any other 
nation, while the training and morale 
of our fliers are unsurpassed. This 
very satisfactory state of affairs is no 
matter of luck ; rather, it is the result 
of a long and painstaking develop-
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WA LTON l. RO B I N SO N  

• Following the series o f  five ana lytical 
articles on battlesh ips, a i rcraft carriers, crui­
sers, destroyers, and submarines of the 
U nited States N avy is this  c lear and concise 
description of our naval a ircraft. We pro­
pose ta fol low these six inter-related N avy 
featu res with a comprehensive a rticle on the 
tactical usage af each branch of our  navol 
fighting forces, as soon as i t  is  approved for 
publication by the proper authorities. The 
previous a rticles appeared in. our  issues for 
May, August, September, October, and 
November of this yea r.-The Editor. • 

ment which really began in July, 1921,  
with the creation by Congress of the 
Navy's Bureau of Aeronautics. Rear 
Admiral William A. Moffett was the 
first Chief of this bureau ; he remained 
in office until his untimely death April 
4, 1933, in the crash of the rigid air­
ship Akron. Under his direction our 
naval air arm developed rapidly and 
established many speed and altitude 
records . Three aircraft carriers were 
also commissioned-the old Langley, 
formerly a navy collier, and the Lex­
ington and Saratoga, converted during 
construction from their original bat­
tle cruiser design. The U. S .S .  Ranger, 
our first ship laid down as an air­
craft carrier, was launched a few 
weeks before Admiral Moffett's death. 

T HE various types of planes used by 
the Navy are officially designated by 

a system of letters and numerals. An 
initial letter or letters indicate the 
function or class of the plane ; a fol­
lowing numeral, if present, indicates 
the model ; and a final letter, the manu­
facturer. Following this group and 
set off by a dash is a numeral indicat­
ing the series or modifications of the 
model . Thus the designation PBY-l 
indicates that the plane is a P (Patrol) 
B (Bomber) Y ( Consolidated) -1 
( First model). Any minor alterations 
to this basic design, such as slight 

changes in structure or armament, 
would make the new model a PBY -Z. 
An entirely new patrol-bomber model 
built by the same manufacturer would, 
on the other hand, be designated a 
PBZY-l. A modification of this model 
would be a PB2Y -2. 

The letter "X" preceding a designa­
tion indicates that the model is ex­
perimental. This "X" is discarded when 
the plane goes into production. The 
letter "V," indicating "heavier-than­
air" craft (as distinct from "Z," 
employed to designate "lighter-than­
air" craft-blimps and rigid airships ) ,  
i s  placed before the functional letter 
or letters when referring to classes of 
planes or abbreviating the names of air 
squadrons, but is omitted from the 
designations of individual models, as 
in the examples given above. Thus 
patrol-bombers in general are spoken of 
as VPB's,  while "Patrol Squadron 
Eleven," for example, is rendered VP-
1 1 , the second functional name and 
its corresponding letter being dropped. 

ON October 1, 1941 ,  two months 
before Pearl Harbor, the United 

States Navy had on hand a grand total 
of 4862 aircraft. An additional 5832 
planes were on order under the Ex­
pansion Acts of 1940-41 ,  which had 
authorized a strength of 16,000 air­
craft. This total was subsequently 
increased to 27,000 planes, while the 
Emergency War Program, which fol­
lowed our entry into hostilities, pro­
vided for some 60,000 naval aircraft of 
all types. Only combatant aircraft­
fighting, scouting, bombing, torpedo, 
observation, and patrol planes-will 
be discussed, however, as they are 
the ones which exercise a direct in­
fluence on and actively participate in 
naval operations . 

These aircraft are of three very dis­
tinct types : landplanes, which operate 
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from aircraft carriers or land bases ; 
seaplanes, which are carried by battle­
ships and cruisers, being flown off 
from them by means of catapults ; and 
flying boats, operating from coastal 
bases, advanced shore bases, or tenders .  
Carrier-based aircraft are the fighting 
(VF), scout-bombing (VSB) , and 
torpedo-bombing ( VTB )  planes. Sea­
planes are mostly of the scout-obser­
vation ( VSO and VOS) type, while 
the big flying boats are all of the 
patrol-bomber ( VPB ) type. 

The VF's, or fighting planes, are the 
Navy's smallest and speediest comba­
tant aircraft. These single-seaters 
have two distinct missions, one defen­
sive and the other offensive. Their 
primary mission is defensive : to se­
cure control of the air above combat 
areas and to protect friendly planes 
and ships by destroying hostile fight­
ers, bombers, torpedo planes, and other 
aircraft. Their secondary and offen­
sive duties consist of attacking enemy 
surface warships, submarines, shore 
installations, and their exposed per­
sonnel with machine-gun fire, small 
cannon, and light bombs. 

Our fighting planes in service are 
the products of three well-known air­
craft manufacturers : the Brewster 
Aeronautical Corporation, the Grum­
man Aircraft Engineering Corpora­
tion, and the United Aircraft Corpora­
tion. Their respective identification 
letters are A, F, and U. All of the 
Navy's fighting planes, as well as 
most of its other combatant aircraft, 
are powered by either Pratt & Whit­
ney or Wright radial air-cooled en­
gines developing from· 450 to 2000 
horsepower on the take-off. A few 
scout-observation models, however, 
have a Ranger in-line air-cooled en­
gine. 

D
URING 1937-40 three improved mod-

els of the Grumman F2F -1 biplane, 
the F3F-l , F3F-2, and F3F-3 entered 
service. The F3F-2 and F3F-3 models, 
fastest of the group, have a top speed 
of only 270 miles per hour. The last 
two-winged fighters built for the Navy, 
all of these planes are now obsolete 
and mostly employed as combat train­
ers. 

In 1940 Grumman delivered its first 
monoplane fighter-the twin-engined 
experimental Skyrocket or XF5F-l, 
which is powered by two 1200-horse­
power Wright Cyclone engines. The 
greatest secrecy surrounds this plane, 
but it is known to be in the 400 miles 
per hour class. The Navy has not an­
nounced production contracts for the 
model, which, as a result of exhaustive 
tests, is believed to be undergoing 
considerable modification. 

Grumman Wildcat Fighter (XF4F -3)  above the clouds 

Other fighters delivered in 1940 
were the Brewster F2A-l's or Buffa­
loes . Powered by a 950-horsepower 
Wright, they have a top speed of 330 
miles per hour and a cruising range of 
1000 miles . Forty-two of them were 
released to Finland in 1940, being 
replaced by an equal number of Im­
proved F2A-2's. 

In 1941 Grumman delivered its 
F4F-3's and F4F-3A's (Wildcats ) ,  
while Brewster completed its F2A-2's 
and F2A-3's (Buffaloes). The Wild· 
cats are powered by a 1200-horsepower 
Pratt & Whitney Twin-Wasp engine 
for a top speed of about 350 miles per 
hour. They have a cruising range of 
about 1 1 50 miles and a service ceiling 
of 28,000 feet. Their equipment in­
cludes bullet-proof gas tanks and ar­
mor protection for the pilot. 

The Buffaloes have a 1200-horse­
power Wright engine for a miximum 
speed of 360 miles per hour. They 
are credited with a range of over 
1400 miles and a 30,000-foot ceiling. 
Armament comprises four .50-caliber 
machine guns and two 100-pound 
bombs. The F2A-3's are generally sim­
ilar to the F2A-2's except for their 
folding wings. Several hundred of 
them were supplied to Britain and 
the Netherland East Indies during 
1940-41 .  

Latest Navy fighters, delivered this 
year, are Grumman's F4F-4's and 
F4F·4B's and the Vought-Sikorsky 
( United) F4U-l's .  All data regarding 
the new Wildcats are restricted, but 
some details of the F4U-l's (Corsairs ) 
have been released. These planes, spe­
cially designed for carrier use, have 
an 18-cylinder Pratt & Whitney 
Double-Wasp engine rated at 2000 

horsepower on the take-off and giving 
a top speed of around 400 m.p.h. at 
35,000 feet. They are generally con­
sidered to be the Navy's best fighting 
planes, particularly for high altitude 
work. 

S
COUT-BOMBING planes (VSB's) are 

the most numerous carrier-based 
type. As their designation implies, 
these two"seaters are intended for 
either scouting or bombing duties. As 
scouts they carry additional fuel in 
auxiliary tanks hung from their bomb 
racks, while as bombers some of them 
can carry a ton of high explosives. In 
recent years the VSB's  have been 
built by Brewster, Vought-Sikorsky, 
the Curtiss-Wright Corporation, the 
Douglas Aircraft Company, Incorpor· 
ated, and the Naval Aircraft Factory. 
Identification letters of the last three 
builders are C, D, and N respectively. 

In 1938 Chance-Vought completed 
a number of monoplane scout-bombers 
-the SB2U-l 's. Two more series of 
the model, the SB2U-2 and S B2U-3, 
were delivered in 1939-41 .  Named 
Vindicators, all three groups are pow­
ered by an 825-horsepower Pratt & 
Whitney Twin-Wasp Junior giving a 
speed of 257 miles per hour. Their 
cruising range is 700 miles . Further 
details have not been released for 
publication. 

In 1938-39 Curtiss delivered two 
series of biplanes-the SBC-3's and 
SBC-4's. The former have a maxi­
mum speed of 220 miles per hour, 
while the latter can do 235 miles per 
hour. Both groups are now obsolete 
and mainly employed for combat train­
ing. The newest Curtiss scout-bombers 
and the best the Navy has, are the 
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U. S. Navy Official Photo . 
CurtiSS' Hel ldiver diver bomber (XSB2C-I)  in flight 

SB2C-1 's  ( Helldivers) , very fast and 
heavily armed monoplanes specially 
designed for dive-bombing attacks. 
Few details concerning them have been 
released, but it is understood that they 
are powered by a 17S0-horsepower 
Wright Double Row 14-cylinder en­
gine giving a speed in excess of 300 
miles per hour. They are equipped 
with internal bomb stowage. 

pUR series of Douglas Dauntless 
scout-bombers ( SBD-1 ,  -2, -3, and 

3A) were delivered in 1941 .  All of 
them are monoplanes of very similar 
design. Powered by a 9S0-horsepower 
Wright, they have a top speed of 260 
miles per hour arid a cruising range of 
about 1000 miles. Their armament in­
cludes two .SO-caliber machine guns 
and several SOO-pound bombs. 

The Naval Aircraft Factory also 
completed a number of VSB's  during 
1941 .  Designated the SBN-l's, they 
are generally similar to the old Brew­
ster SBA-l's, now out of service .. 
Their maximum speed is 285 miles 
per hour. Although built and classed 
as scout-bombers, they have served 
on occasions as carried-based VTB'� 
(torpedo-bombers) . 

THE only Brewster scout-bombers at 
present in service are the SB2A-1 

Buccaneers, the first of which were 
delivered this year. As in the case of 
the latest Curtiss VSB's, details con­
cerning the Buccaneers are restricted. 
It is believed, however, that they have 
very similar characteristics to the Hell ­
divers.  

bombing attacks, are classed s imply as 
VB's (bombers) . In recent years these 
planes have gradually merged into the 
scout-bomber type described above. 
Torpedo-bombing planes ( VTB's) are 
the Navy's heaviest carrier-borne air­
craft and probably its most effective 
weapon for striking heavy aerial blows 
at the enemy's large naval units . 
Whenever possible, they make their 
torpedo attacks from low altitudes and 
close to the target. On bombing mis­
s ions they remain at high altitude 
and drop armor-piercing or demoli­
tion bombs on warships and shore 
obj ectives. 

The Douglas TBD- 1 's (Devasta-

U. S. Navy Official Photo 

tors), the first of which entered serv­
ice in 1938, are three-seat monoplanes 
with an 8S0-horsepower Pratt & Whit­
ney Engine. Their top speed is 225 
miles per hour and their cruising 
range 1000 miles. They can carry 
either a torpedo or a ton of bombs 

Newest torpedo-bombers are the 
Grumman TBF-l's ( Avengers) . 
which have a speed of 270 miles per 
hour, a cruising range of 1400 miles. 
and a ceiling of 20,000 feet. They dealt 
the Japanese Navy some very hard 
blows at Midway. . 

SCOUT-OBSERVATION planes are offi-
cially divided into two types; VSO 

and VOS. When ship-based, both 
types are fitted with landing floats. 
but these can be quickly replaced by 
wheel gear when desired. The VSO's 
are primarily scouts, operate from 
cruisers, and have folding wings to 
facilitate their stowage in hangan 
aboard ship. The VOS planes have 
rigid wings and are carried by battle 
ships, whose gunfire they observe or 
"spot," thereby increasing both tht" 
accuracy and range of the big guns 
All of our battleships carry three VO� 
( observation) planes, while most oj 
our cruisers accommodate four to six 
VSO ( scouting) planes. 

Curtiss, Vought-Sikorsky, and th ... 
Naval Aircraft Factory are the builden 
of our VSO-VOS planes at present 
in service. In 1937-39 Curtiss deliv· 
ered three scout-observation models 
SOC-I, -2 and -3. A fourtR model. 
SOC-4, was delivered to the Coast 
Guard. B iplanes with a speed of about 
165 miles per hour, they are now 
obsolete. Latest Curtiss scout-observa-

Some of the Navy's older bombing 
planes, designed primarily for dive- Vought-Sikorsky train ing ship ( OS2U - 1) about to take off 
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tion plane is the S03C-l ( Seagull) , a 
two-seat monoplane powered by a 520-
horsepower Ranger inverted Vee air­
cooled engine giving a top speed of 
200 miles per hour. 

Vought-Sikorsky recently delivered 
three VOS models : the OS2U-l and 
OS2U-2 in 1941 ,  and the OS2U-3 this 
year. These planes, known as King­
fishers, have a 450-horsepower Pratt 
& Whitney Wasp-Junior engine giving 
them a 200 miles per hour speed. 
They are the Navy's standard observa­
tion planes. 

The Naval Aircraft Factory in 1940 
completed a VSO model, the SON-I, 
and this year delivered its OS2N-l 
observation plane. The former, a low 
speed biplane, is now obsolete. The 
latter, however, is practically a dupli­
cate of the Vought-Sikorsky King­
fishers described above. 

U. S .  Navy Official Photo 

Patrol-bombing planes (VPB's) are 
the largest aircraft in the naval serv­
ice. Known as the "Eyes of the Fleet," 
their primary mission is long-range 
reconnaissance fram shore bases or 
aircraft tenders and the protection of 
convoys from submarine attack. Their 
,;econdary mission is to operate against 
enemy ships or shore establishments, 
in which .case they carry bombs, tor­
pedoes, or mines instead of maximum 
fuel load. Fitted with bunks and cook­
ing facilities. they can operate for 
extended periods from small tenders 
or. advanced bases. All of them are 
flying boats and some have reversible­
pitch propellers for maneuvering afloat. 

Consolidated Cata l ina ( P BY -2) patrols the coast 

M OST of our patrol-bombers have 
been built by the Consolidated 

Aircraft Corporation and the Glenn L .  
Martin Company. The former's PBY-l 
Catalina monoplanes date from 1937. 
Weighing nearly 14 tons, they are 
powered by two Pratt & Whitney 
1050-horsepower engines for a speed 
of 200 miles per hour. Their cuising 
range is about 4000 miles and their 
ceiling 25,000 feet. They can carry two 
torpedoes or two tons of bombs and 
require a crew of seven. Four improved 
series, the PBY-2 through PBY-5, 
were delivered during 1938:4 1 .  The 
last two models weigh 15 tons and 
have 1200-horsepower engines. This 
year a number of PEY-5A amphibians, 
designed to alight on land or in the 
water, were delivered. 

In 1938 Consolidated completed its 
first four-engined plane, the XPB2Y- 1 .  
:\fter exhaustive tests, this experiment­
al type passed into production as the 
PB2Y -2. First delivered last year, 
these giant Coronado aircraft weigh 
30 tons, are powered by four 1200-
horsepower Pratt & Whitneys, and 
have a range of some 5000 miles. They 

carry six or more tons of bombs and 
a crew of nine. 

The Martin company delivered its 
first patrol-bombers in 1941 .  These 
planes, the PBM-l 's  ( Mariners) , 
weigh 20 tons and have a pair of 
Wright Cyclone 1200-horsepower en­
gines for a speed of 225 miles per hour. 
A crew of seven and two 21-inch tor­
pedoes or several tons of bombs are 
carried. 

This year Martin completed the 
huge Mars or XPB2M-l ,  a 70-ton 
patrol-bomber with four 2000-horse­
power 18-cylinder Wright Duplex 
Cyclone engines. This great flying 
boat has a range of over 7000 miles, 
requires a crew of 1 1 ,  and can carry 
four torpedoes or a very heavy bomb 
load. As a transport she can accom-

H I GH·O U T P U T  E N G I N E  

-Liquid·Cooled, For 

Use by N avy 

• 

I N an announcement foretelling a 
revolutionary change in naval aircraft 
design, the Navy disclosed recently the 
development of a huge new liquid­
cooled aviation engine approaching 
2000 horsepower. 

If the Navy's use of this extraordi­
nary power plant, developed by the Ly­
coming Division of The Aviation Cor­
poration, follows the same general line 
of airplane construction adopted by the 
Army with liquid-cooled engines, then 
a new series of naval fighter craft, 

DECEMBER 1 942 SC I ENTI F I C  AMERICAN 

• 

modate 1 50 fully equipped soldiers . 
Some observers regard the Mars. 
which is still very much in the ex­
perimental stage, as ideally fitted for 
the regular bombing of Japan. 

These, then, are our Navy's com­
batant aircraft in service or in pro­
duction. Upon them we must depend 
for some time to come. New and great­
ly improved models will doubtlessly 
appear in due course . but for the pres­
ent such excellent aircraft as the Wild­
cat and Corsair fighters, the Hell­
diver and Buccaneer scout-bombers, 
the Devastator and Avenger torpedo­
bombers, the Seagull and Kingfisher 
scout-observation planes, and the Cata­
lina, Coronado, and Mariner patrol­
bombers must form the backbone of 
our hard-hitting Naval Aviation. 

• 

faster and more powerful than am 
now on first-line duty, is in the mak­
ing. 

Official silence cloaks both the per ­
formance figures and future uses of 
the new engine. The formal announce· 
ment that it had been completed and 
placed on contract described it only as 
"considerably larger than any other 
l iquid-cooled aircraft engine now in 
production," with power sufficiently 
great "as to compare favorably with 
that of the largest type aircraft engine 
presently in use." 

The largest known air-cooled air­
craft engines now used by the Navy 
are the 2000-horsepower units on the 
giant flying boat Mars. 
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A C h e m i s t L o o ks A t  R es e a r c h  

Development Cost Comparisons Revea l the Genera l Va lue of 

Research for Many a nd Varied Industries 

E U G E N E AY R E S 
Staff Chemist of the Gulf Research 

and Development Company 

I T I S  a curious circumstance that re­
search, which is the most scientific 

of all pursuits, should be one of the 
most difficult to evaluate in dollars 
and cents . Those of us who are en­
thusiastic about research are apt to 
refer to its value in most genera!' 
terms. We say it is valuable because of 
this and because of that-all abstract 
qualities-much as we would define the 
value of honesty as a business asset. 

Lord Kelvin is often quoted as say­
ing that "when you can measure what 
you are speaking about and express 
it in numbers, you know something 
about it ; but when you cannot measure 
it, when you cannot express it in 
numbers, your knowledge is of a mea­
gre and unsatisfactory kind ; it may 
be the beginning of knowledge, but you 
have scarcely, in your thoughts, ad­
vanced to the stage of science, what­
ever the matter may be.·" Perhaps Lord 
Kelvin would say that, despite the 
eminently scientific nature of research, 
its appraisal for business purposes is 
only dimly understood. 

I t is natural that no generalizations 
can be made concerning the mone­
tary value of research carried out by 
an individual . There are notorious 
cases of extraordinary returns from 
very l ittle in research, and other more 
familiar cases in which research has 
continued year after year without 
tangible return. But in organized in­
dustrial research, the element of chance 
is less important for several obvious 
reasons, among which are the number 
and variety of technical viewpoints 
and, particularly, the character of the 
research problems. In general, there 
are two kinds of research problems. 
On the one hand there are problems 
that are fruitful only if we are for­
tunate enough or clever enough to get 
a particular kind of answer, and, on 
the other hand, there are research 
problems which are fruitful without 
regard to the answer. 

A paper presented before the Division of I ndus­
trial and Engineering Chemistry at a meeting of 
the American Chemical Society. 

Suppose we have reason to believe 
that a certain organic compound might 
have useful properties as an antioxi­
dant. We do a lot of work to find out 
how to prepare this organic compound 
and then .we test it to see if it has the 
desired antioxidant quality. If the 
answer is "yes," we may balance the 
cost of research work on this problem 
against the value of the antioxidant, 
but if the answer is "no," we may have 
no economic j ustification for this re­
search expense. Here the value of 
the research depends upon the kind 
of result obtained. But suppose we 

The author 

undertake to determine the optimum 
conditions for a process in order that 
we may know how to design a com· 
mercial plant. Here the result has the 
same value regardless of the conditions 
which are found to be optimum. A 
considerable proportion of industrial 
research is concerned with this sec­
ond type of problem, and from the 
voluminous experience of research 
laboratories in many industries, cer­
tain numerical criteria are beginning 
to emerge. 

It is probable that no two research 
laboratories would agree in detail on 
the average relationship between the 
different elements of cost of develop-

ment, but they would probably not be 
very far apart. These cost relation­
ships have been formulated by econ­
omic studies of many different sorts. 
For example, a company found it 
necessary to go into the manufacture 
of a new chemical in a hurry. There 
were no large-scale precedents for 
this operation but two good process 
ideas were offered by the Research 
Department. Because of the emergen­
cy, it was decided to commercialize one 
idea without any research, while the 
second idea was carried in orderly 
fashion through laboratory and pilot 
plant. Despite the delay occasioned by 
months of research, the second idea 
resulted in a smoothly operating plant 
before the first and at much lower de­
velopment cost. The first idea was 
then sent back to the Research 
Laboratory and a year later super­
seded the second. 

In another case, illustrating an­
other way of going about it, a new 
process was commercialized from lab­
oratory data without pilot plant re­
search. A few years later a new plant 
of the same size was designed and 
built from data secured from the first 
plant. 

F
ROM these and dozens of other cases, 

it is possible to come to some gener­
al numerical conclusions which, being 
averages, apply to no specific case with 
any accuracy, but which may appor­
tion development costs in the correct 
order of magnitude for a majority of 
industries and companies. Here are 
three generalized cases : 

1. laboratory Research _ _ _ _ _ _ _ _ _ __ _ 
2. Patent Prosecution _ _ _ _ _ _ _ _ _ _ _ _  _ 
3. Pilot Plant Researc h _ _ _ _ __ _ _ __ _ 
4. Excess Des ign and Construction 
5. Gettinu  Process i n  O peration _ _ _  _ 

U n i ts of Cost 
1 1 0 
1 1 0 
5 0 0 
5 15 20 

25 50 65 

Total Development CosL _ _ _ _ _ _ _  3'1 67 85 

"Getting Process in Operation" is 
the part of development cost that comes 
after the commercial plant is built. 
There are some companies which al­
ways figure this cost because it is the 
largest element of development expense 
and because it affords one of the best 
measures of technical management. 
But some other companies permit this 
cost to be absorbed in operating ex­
pense and do not worry about it. This 
cost may be figured in many different 
ways but perhaps most conveniently 
by subtracting the operating profit for 
the first year of operation from the 
operating profit for the second year 
of operation, making indicated adj ust­
ments for proper comparison and in­
cluding, of course, such items as 
structural changes and losses of 
materials. 

"Excess Design and Construction" 
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cannot be figured so easily, . but can be 
estimated by competent engineers . 
Total design and construction cost 
cannot be regarded as development 
expense because thoroughly commer­
cial ized plants also must be designed 
and built. But, because of technical 
uncertainties, it always costs more to 
design and to build a new process 
than an old one, and the difference 
is development expense. The more 
we know about a process before we 
start to build, the smaller this differ­
ence and also the smaller the cost of 
getting the plant into operation. 

Every authorization for plant con­
struction covers not only investment 
but also a proportion for development 
expense ; but this proportion cannot 
be ear-marked as such for the very 
good ' reason that it cannot be pre­
dicted in advance. 

The first ' column expresses the re­
lationship between cost elements which 
perhaps may be regarded as ideal and, 
therefore, as showing a minimum total 
for the average research proj ect. 
Laboratory research and patent prose­
cution are indicated as of the same 
order of magnitude. Pilot plant ex­
pense is five times as high as labora­
tory expense.  "Excess Design and 
Construction" is made equal to pilot 
plant expense because experience indi­
cates that this is about as low as 
competent research can bring it and 
"Getting Process in Operation" is five 
times as great for the same reason. 

THE most significant comparison is 
between the columns. Without any 

research, the total development cost is 
about 2.3 times the total cost with 
adequate research. Laboratory re­
search without pilot plant work figures 
1 .8  times the ideal . 

It is interesting to apply these ratios 
to special cases .  For example, a chemi­
cal company, during a certain period, 
spent on the average about $3,000,000 
per year for process development. 
During that period this company did 
no laboratory or pilot plant research 
on these processes. The $3,000,000 was 
made up of "Excess Design and' Con­
struction" and "Getting Process in 
Operation." According to the table, 
if this company had done $175,000 
of pilot plant work per annum, it could 
have reduced the total development 
expense for these processes from 
$3,000,000 to $1 ,300,000 per annum. 
This would have meant a saving of 
$1 ,700,000, or nearly 1000 percent 
profit from research investment. 

This conclusion may well be absurd. 
The table can be very wrong in speci· 
fic cases but, on the other hand, it can 
be wrong in either direction. The con· 

clusion noted may very well be correct. 
Regardless of accuracy of applica­

tion, the generalized figures point 
toward some interesting conclusions : 

( 1 )  Patent prosecution and lab­
oratory research are almost 
negligible portions of total de­
velopment expense. 

(2 )  Total research, including ade­
quate pilot plant work under 
the most favorable conditions, 
figures around one-fifth of total 
development expense. 

( 3 )  The minimum development ex­
pense is associated with ade- ' 
quate research expenditures. 

( 4 ) Research' is about the most 
profitable investment that can 
be made. 

The question is sometimes raised : 
Can we avoid development expense 
by the installation of processes devel­
oped by others ? The answer to this 
question is clear. We can avoid the 
small parts of development expense, 
but we usually cannot avoid the large 
ones. Many cases can be pointed out 
in which a company has had lower 
development expense on processes pur­
chased from others, but there are 
many other cases in which the de­
velopment expense has been actually 
greater. Unless a process has al­
ready been thoroughly commercialized, 
whether a purchased process costs 
more or less than an independently 
developed process depends primarily 
upon the quality of the pilot plant 
work. Certain purchased processes 
have cost a chemical company far 
more for development than if they 
had passed through the company's 
own laboratory and pilot plant because 
the preliminary work that had been 
done by others failed to provide suf­
ficient data for economical design and 
construction. In general, the only cases 
in which we can avoid the major part 
of the normal development expense of 
new processes are those in which 
processes have been operated for a 
sufficient time to iron out all the kinks. 
'But in such cases processes are likely 
to become obsolete about the time we 
get them into operation. 

TECHNICAL obsolescence must be re-
garded as of the utmost importance 

in the present argument. If we pay a 
million dollars as paid-up royalties for 
a certain process, this may not seem 
to be a serious expense if we can as­
sume that this process will not become 
obsolete. But this is frequently not the 
case. By the time we get this process 
in operation, it will be somewhat ob­
solete, and by the time we install its 
successor and get it into operation this 
also is likely to be obsolete . Paid-up 
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royalties carmot be regarded as non­
recurring expenses because technical 
obsolescence sees to it that such ex­
penses recur with dismal regularity. 

It appears that process research 
should be justified ( 1 )  by its saving of 
many times its cost by the reduction 
of the other greater development costs, 
and ( 2 )  by its effect upon the vital 
element of timing. Either one of these 
reasons is sufficient in itself and it is 
unnecessary to include the reason that 
research may enable us to charge 
royalties or to be immune from paying 
royalties. This last factor has to do 
not with the justification of research, 
but rather with the j ustification of 
patent prosecution. There is no reason 
to compare the cost of research with 
the cost of royalties . The comparison 
should be made between the cost of 
patent prosecution and the amount of 
royalties received plus the amount of 
royalties which otherwise we would 
have to pay. 

ROYALTIES are normally set as high 
as the traffic will bear. The only 

reason royalties in general in the 
chemical industries are moderate is 
because competitive research has pre­
vented any company from securing a 
monopoly on any important . process. 
This makes the royalties themselves 
competitive and the company with the 
strongest patent position will either 
receive royalties or, if it does not wish 
to follow the necessary procedure for 
securing l icensees, it will at least pay 
the minimum royalties . The royalties 
never seem very large when they are 
figured on a unit of material, but our 
competitive disadvantage is measured 
not by the amount of royalties, but by 
double this amount, for while we are 
paying the royalties, the other com­
pany is receiving them. 

The royalties paid by companies 
who do little research are small com­
pared with the cost of research that 
would have been required to provide 
immunity or to balance royalties paid 
with royalties received, but large com­
pared with the cost of prosecution of 
patents to accomplish this result. Fail­
ure to protect inventions with patents 
means not the saving of patent prose­
cution expense, but the loss of many 
times this amount C't money. 

Companies differ widely in their 
patent policies. One company may not 
be concerned with the licensing of 
inventions to others for royalties, 
whereas another company may do this 
sort of thing on a large scale. The less 
aggress ive company can defend itself 
only with patents, and its patent posi­
tion must be made stronger than that 
of its more aggressive competitor. This 

251 



------------------------ S C I E N C E  I N  I N D U ST R Y------------------------

is merely another way of saying that 
its technical position must be stronger 
than that of its competitor ; for patents 
are, after all, merely inexpensive 
handles with' which to wield the tech� 
n ical weapons effectively, 

Under some circumstances, product 
patents can be even more important 
than process patents. It happens that 
most product patents in the chemical 
industries now refer to relatively small 
volume products, but there are some 
important exceptions. Here again re­
search is j ustified, not by immunity, 
but by getting products on the market 
before instead of after our competi­
tors. If we grant that research expense 
can be justified in this way, it is 
proper to balance a�ainst royaltie� 

• • 

only the expense of patent prosecution. 
Product patents are of more value 

to the company with the less aggres­
sive patent policy than to the com­
pany with the more aggressive patent 
policy because it takes more good 
patents to defend than to attack. 
Furthermore, there are more offensive 
patent alliances than there are defen­
sive ones. 

The evaluation of research in ac­
cordance with the foregoing principles 
requires a certain measure of optimism, 
but this is, after all, the same sort of 
optimism that inspires a company 
owner to bel ieve that his company can 
,urvive as a business enterprise. For 
o .nly through successful research i �  
1 l l timate survival possible. 

• 

N ew G l a ss  F o r  P r e c i s i o n  0 p t i c s  

Compacted Glass, Made by a Secret Process, Ma kes 

Possib le  New Accuracy in Lens Ma nufacture 

THROUGH the development of a new, 
scientifically controlled process of 

heat-treating optical glass, mass pro­
duction of precision lenses-the "glass 
eyes" of microscopes, proj ectors, and 
other optical instruments-is now pos­
sible, according to Dr. E. D. Tillyer, 
research director of the American 
Optical Company. 

The new technique, Dr. Tillyer 
declares, is s ignificant because it 
eliminates production delays and many 
of the rejections which were previous­
ly encountered in manufacturing com­
plex prisms and precision lens systems 
for which there is an urgent mili­
tary demand. The process, he states . 
produces compacted glass - glass at 
maximum density and with maximum 
l ight-bending power-that is perfectly 
homogeneous throughout its entire 
structure. This optical uniformity' 
simplifies the mass grinding and 
polishing of precision optics and prisms 
because their optical performance can 
now be made so accurate that re­
annealing or hand correcting is un­
necessary. The process also stabilizes 
the glass so that future changes in it� 
performance do not take place as the 
years roll by. 

This stabilized glass, Dr. Tillyer 
reports, is definitely superior to that 
made previously, as shown by a pre­
cis ion laboratory test which deter­
mines the exact performance of an 
optical system. The new heat-treating 
technique is now being used by the 

optical concern's scientific instrument 
division, Spencer Lens Company, in 
the production of military optical in­
struments . 

In explaining the process, Dr. Till­
yer points out that glass can perform 
queer tricks. For example, a cut-glass 
gobl et suddenly cracks for no apparent 

Studying the expansion characteristics 
of the new compacted g loss by means 
of comparison with a standard a l loy 

reason. Difficulties are encountered in 
matching the several glasses used in 
making bifocal lenses for near and 
distant seeing. The optical lens systems 
of precision scientific instruments may 
lose their accuracy after years of stor­
age because a change of light-bending 

power ( refractive index ) take� place . 
To determine the reason for these 

imperfections, it was assumed that 
something was lacking in the glass­
annealing picture. The commonly ac­
cepted practice was to bring glass to 
a certain temperature range, keep it 
constant for a specified time and then 
let it cool slowly. This procedure actu­
ally did eliminate mechanical strain­
a condition that could be revealed bY 
polarized light. 

But in addition to removing strain. 
it was believed that the atomic struc­
ture of the glass should also be per· 
fectly packed and perfectly settled 
during annealing so that the maxi 
mum light-bending power would bt 
achieved. Tests showed that there were 
ti'mes when glass was not perfect1� 
packed even when the strain had been 
eliminated. The production of a glas� 
that was perfectly packed throughout 
its entirety seemed the answer to tht 
problem. 

Accordingly, Dr. Tillyer phot< o 
graphed the behavior of various spe 
cially treated sample glasses under 
heat in comparison with a standard 
metallic alloy of known thermal e:lC ' 
pansion. After a study of the film, a 
graph was plotted that not only showed 
the range commonly used in ordinary 
strain annealing, but another point 

Typically poor g loss resu lt, often ob­
tained with old forms of anneal ing, at 
left, compared with new g loss at  right. 
Lines indicate that refractive index is 
not constant throughout g loss at  l eft 

which looked as if it might bear in · 
vestigation. ( The details of this - new 
time-temperature cycle for annealing 
optical glass are a military secret and 
cannot be revealed. ) 

To investigate the new critical point 
in actual practice, tiny glass specimem 
were placed in three electrically-heated 
"thimble" furnaces, so insulated that 
the temperature could be controlled 
closely. 

Measurements showed that glas!' 
maintained at the temperature indi ­
cated by the new theory and selected 
from the graphs reached a maximum 
index of refraction ( light-bending 
power) higher than that usuall�' 
reached in the older accepted manner 
of annealing. The glass seemed to bt'" 
perfectly packed - completely homog ­
eneous . For comparison, these thor ­
oughly compacted glass specimen!' 
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were held at temperatures . above the 
new annealing range. These samples 
lost some of their compactness. and 
their refractive index was lowered. · 

Bolstered by this mass of pertinent 
Illformation, the new annealing proc­
ess went into actual production. Re­
sults were the same. The glass was 
perfectly homogeneous, as revealed by 
a prism interferometer test. This 
means, according to Dr. Tillyer, that 
the day of "hit or miss" annealing is 
over-that a regular time and tempera­
ture schedule can be set up and fol­
lowed with the result always as 
anticipated. 

Precision lens sy�tems can accord­
ingly be manufactured without glass 
production delay and with the cer­
tainty that the glass will remain 
homogeneous permanently. 

• • • 

WORKERS--The n u m ber ot reseorch work.ers 
i n  the petroleum industry is now about 

�, of which about 45 percent are h igh ly 
trained scientific men. There are 563 re ­
iearch workers for every 1 0,000 wage earners 
in the refin ing branch of the business, or  
Glmost twice the rat io  i n  the chemical  in­
dustry. 

• • 

R ESEARCH C O N T I N U ES 

Machine·Gun Manufacturer 

(nvades Other Fields 

• 

W H EN, in 1941 ,  J. Russell Maguire, 
President of the Auto-Ordnance Cor­
poration, manufacturers of the Thomp­
son Submachine Gun ( the "Tommy 
Gun" ) ,  realized that there was a defi­
nite need for research in other and 
somewhat allied fields, he did some­
thing about it. This realization was 
the beginning of a systematic effort to 
assemble a staff of highly competent 
engineers, chemists, and physicists for 
the express purpose of conducting re­
search along well defined l ines that 
bear closely on many phases of our 
war activities. 

Less than a year later the rapidly 
growing research staff was housed in 
permanent quarters in Connecticut 
where they are provided with every 
essential for the research and develop­
ment work which they are doing in 
fields directly connected with the total 
'war effort. Some of the endeavors in­
clude : improvement of the present 
submachine gun as well as the devel ­
opment of new types of guns ; work on 
an asphalt process for speedy laying 
of airport runways and roads under 
severe conditions ; perfection of 
methods of de-bulking dehydrated 
foods for economical sh ipment to dis-

tant points ; research in the broad field 
of electronics. 

That the manufacturing activities 
of the Corporation have been emi­
nently successful is evidenced by the 
Army and Navy "E" Award recently 
received, of which Mr. Maguire and 
his staff are j ustly proud. 

M A G N ESI U M  R ECLAI M E D  

By N ew Welding M ethod 

Using Helium 

MUCH strategic magnesium metal. 
already fabricated but with small de­
fects, now can be quickly and easily 
restored to usefulness, thanks to a 
new fusion method of welding which 
was brought about by the close war­
time co-operation of two maj or Ameri­
can industries. This new' method of 
fusion welding, which takes advantage 
of the peculiar properties of helium, an 
inert, non-explosive, non-flammable 
gas, is the result of joint development 
by The Dow Chemical Company and 
)J orthrop Aircraft, Inc. Of particu­
lar interest at this time of rush war 
production is the fact that vital air­
craft sand castings, some of which 
were formerly discarded because they 
did not meet standard specifications, 
now can often be reclaimed by this 
advanced method. 

As magnesium, lightest of all struc­
tural metals, is an essential material 
for the construction of airplanes and 
other military equipment, the new he­
lium arc method for welding magne­
sium alloys has an important bearing 
on our war production progress, ac­
cording to Dow spokesmen. Its advan­
tages over other methods of j oining 
are the elimination of rivets, ease of 
operation, and greater speed of produc­
tion over a wider range of design. 
These results are possible because the 
electric arc applied to the parent metal 
is shielded by a blanket of inert helium 
gas which prevents oxidation of the 
molten weld metal. Oxygen cannot 
penetrate the helium "envelope . "  

SKI N H EA T E R  

Solves Sheet M etal 

Wrinkle Problem 

HEAT therapy has moved out of the 
hospitals and into the aircraft indus­
try through a recent development at 
The Glenn L. Martin Company. A 
maj or difficulty in the riveting of alu­
minum "skins" over spars and ribs to 
make wings has always been the un­
avoidable wrinkling and buckl ing of 
the skins under the pounding of rivet­
ing hammers .  The wri nkl i n g  and buck-
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ling, even though slight, interfere with 
the smooth flow of air over and under 
the wing. 

In the system of "heat therapy," de­
vised by Harry F. Kniesche, Assistant 
Factory Manager at the Martin plant . 
the various sheets of aluminum that 
make up a skin are riveted together 
on a wood frame that has the shape 
of the wing. The skin, full now of un­
avoidable small buckles and wrinklei' . 
is then laid on the wing of the ship. 
The skin heater, which might be de· 
scribed as an oversized version of the 
electric heating pad which people ap­
ply to a sore back, is laid on top of 
the skin. The heater fits snugly, for it 
has the exact contour of the wing. 

The heat is turned on. In a few mill ­
utes the skin has a temperature of 140 
degrees, which causes enough expan­
sion to rid it of all wrinkles and 
buckles. While rheostats hold the tem­
perature constant, the skin is quickly 
stitch-riveted round the edges and 
along the ribs. Then the heater is re­
moved and the skin shrinks as taut and 
unwrinkled as a drum-head. 

In ridding skins of wrinkles and 
buckles the "skin heater" has cleared 
up a troublesome problem of wing con· 
struction. At the same time, because 
it allows a whole skin to go on in one 
riveting operation, it has helped speen 
production. 

S E L F C O N TRACTOR 

Company Takes Over When 

Subcontractor Fails 

B y acting as "subcontractor to it­
self," the new Westinghouse Merchant 
Marine Division has slashed nearly 
a year from the tooling time required 
for quantity production of 30-ton 
gears to drive new war cargo ships. 
This situation was brought about by 
the fact that an over-burdened ma­
chine tool builder, although able to 
design the massive gear-cutting ma­
chines, lacked the plant capacity and 
manpower to finish and assemble them 
within 12 months of the time Wes­
tinghouse needed them. The machine 
tool builder was asked to send the 
large parts of the machines to Wes· 
tinghouse, where they were assem­
bled. As a result, production of ship 
gears was started nearly a year ahean 
of the time this would have been pos­
sible had not the company undertakel l  
to  become subcontractor to  themselves . 

Some of the "bull" gears that will 
be made on these machines - gears 
that are coupled directly to a ship'� 
propeller shaft to drive the vessel ­
are more than 12 feet in diameter. 
Yet each of their 693 teeth must be 
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machined to an accuracy of three ten­
thousandths of an inch. This means 
that the "hobbers" - the machines 
which rough and finish-cut, or "hob" 
the gear teeth - must be built to tol­
erances that are ('ven finer. If even 
minute errors were allowed in the 
cutting of these teeth, they would 
make so much noise under the pres­
sure of thousands of horsepower from 

Air conditioned for accuracy 

the ship's turbines that sound detect­
ing devices on enemy submarines 
could locate the ship in the dark and 
from great distances. This gear-cut­
ting is so precise that each gear 
hobber is enclosed in a special air­
conditioned room in which tempera­
ture and 'humidity are rigidly 
controlled. 

WO R N·OUT TOO LS 
Can be Salvaged and Put 

Back I nto Service 

WITH the huge production of war 
equipment causing a heavy drain on 
supplies of metals, automotive com­
panies are greatly accelerating their 
salvage and conservation activities . 
For example, the shortage of cutting 
tools, which is far more serious than 
most people realize, has led to devel­
opment of reclaiming methods that in 
peacetime would be prohibitive in cost. 

An ordinary tap, of the type which 
you once could pick up at the five-and­
ten-cent store, now takes two months 
to replace. It takes six months to get 
milling cutters today, and to get such 
a part as a taper reamer for one stand­
ard type machine tool requires three­
quarters of a year. 

Thus, the salvaging of tools now on 
hand becomes a definitely sound prac­
tice, for monetary savings are rela-
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tively unimportant, when values are 
measured in terms of l ife-and-death 
as they are in wartime. 

A new method of restoring a worn­
out forming tool, as a specific example, 
costs more than it would to replace 
with a new tool, but through use of 
such methods, thousands of pounds of 
cobalt steel are being saved. 1:he worn­
out tool which, in normal times, would 
be ready for discard, is first annealed 
and forged to restore size and shape. I t  
is then machined, heated, and quenched 
to produce a new tool to which grind­
ing, the final step, restores polished 
surfaces . 

Along with the reclaiming processes, 
all plants are urging workers to use 
great care 111 handling precious tools. 
Broken tools are conspicuously dis­
played with dramatic explanations of 
the cost of such waste in terms of time 
and effort. 

Time and labor are, of course, the 
chief values to be considered now, but 
waste can still be measured in mone­
tary values. In such terms it costs $40 
for tools to produce one airplane pro­
peller. And for every airplane engine, 
which requires from 15 to 20 cutters 
alone, the tooling cost ranges between 
$800 and $1 200.-A uto111otive War 
Production. 

P I P E  L I N E  

Pipe Protected from Corrosion 

by Asbestos Wrapping 

T H E  new 24-inch w,u- emergency pipe 
l ine, now being constructed from 
Longview, Texas, to Salem, Illinois, 
is the largest-diameter line carrying 
crude oil ever built and will establish 
records, both for size and speed of 
construction. 

Since steel must be conserved by 
every means possible, this under­
ground line is protected from cor­
rosion by a layer of a special ' asbestos 
felt, the wrapping being done speedily 
and with precision by a machine which 
;first applies a waterproofing coating as 
the pipe revolves. 

ARC W E L D I N G  

Looks t o  a 

Br ight Future 

T HAT war industries have only just 
begun to gain the benefits of modern 
arc welding is shown by a recently 
completed industrial study of this 
method. This study also definitely in­
dicated that further applications of 
the welding process will eventually 
slash mill ions of dollars off the United 

Nations war bill and will cut by 30 
percent the time required to produce 
ships and planes. 

Furthermore, it now appears that 
arc welding will provide the means for 
turning out vitally needed naval and 
military equipment which is more 
combat-proof than at present ; at the 
same time welding should be able to 
save an average of three hundred 
pounds out of every ton of steel now 
going into war production. 

The industrial study of welding, 
previously mentioned and on which 
the above statements are based, has 
been carried on by the James F.  
Lincoln Arc Welding Foundation. 
From that organization also comes the 
prediction that the arc welding proc­
ess has virtually an unlimited field for 
further applications. Many industries 
which have adopted welding in war 
production will doubtless continue its 
use after the war, thus broadening the 
applications of the process in civil ian 
production, according to the Founda­
tion. 

A I R  CO N D I T I O N I N G  

Reverts to Its 

Original Conception 

T HE action of the War Production 
Board in asking department stores, 
theaters, hotels, and office buildings 
with air-conditioning equipment above 
1 00 horsepower to "volunteer" such 
equipment for "active duty" in war 
production factories should serve to 
eliminate from the public mind the 
misconception of air conditioning 
merely as a "comfort" ' industry, ac­
cording to Dr. Willis H. Carrier. "It 
is seldom recognized that air condi­
tioning had its inception in industry 
as a production tool. Nor is it common 
knowledge that the greatly expanded 
production facilities of Carrier Cor­
poration, and others in the .field of 
air conditioning and refrigeration, are 
today devoted 100 percent to produc­
tion for war industries," Dr. Carrier 
says. 

"Not only is low temperature re­
frigeration equipment essential to the 
production of certain types of syn­
thetic rubber, as pointed out by 
Donald Nelson in his request that 
stores and others 'volunteer' their 
equipment. but air-conditioning equip­
ment serves a myriad of other war 
production require1l1ents. 

"Air conditioning, for example, 
makes possible a high degree of ac­
curacy where work to close tolerances 
is called for. Thus, it helps insure the 
amazing accuracy of bombsights and 
firing devices. In addition, air condi-
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tioning serves in the production of 
powder, in the loading of shells, III 
the production and processing of 
photographic film, in the manufacture 
of lenses and fine optical instruments 
and in countless other ways," Dr. 
Carrier points out. 

A M M O N I A  

How This Common Chemical 

Aids Many Industries 

AMMoNIA, common to the household 
for cleaning woodwork, tiles, and win­
dows ; to the first-aid kit as a stimu­
lant ; and to the ice factory as a re­
frigerant, is an indispensable war ma­
terial. 

There are at least 2000 industrial 
uses for this chemical . Ammonia, for 
instance, is an ingredient basic to 
the manufacture of explosives for 
bombs, torpedoes, shells, and car­
tridges. 

It hardens metals for vital parts of 
airplanes, tanks, and guns. It helps 
vulcanize important rubber articles. It 
is used in making nylon. It enters in­
to the manufacture of fertilizers. It 
is employed in one process for the 
manufacture of "Lucite" methyl metha­
crylate plastic for the noses, gun tur� 
rets, navigation "blisters," and other 
transparent sections of fighting air­
planes. 

Synthesized by Du Pont and others 
from the elements of air and water 
with the aid of coal , ammonia simply 
is one part nitrogen-nitrogen is four­
fifths of the air we breathe-chemically 
combined with three parts of hydrogen, 
a constituent of the water we drink. 

Ammonia plus oxygen produces 
nitric acid. All military or commercial 
explosives require nitric acid. Further­
more, nitric acid enters into the manu­
facture of cellulose nitrate plastics, 
which have many military applica­
tions. 

Gaseous ammonia flowing across 
heated steel under proper conditions 
imparts a hard, wear-resistant surface 
over the soft core without changing 
the dimensions of the metal . This 
process, called "nitriding," is neces­
sary to many metal parts for airplanes, 
tanks, guns, and ships. 

Ammonia helps in refining petrole­
um products . Crude petroleum contains 
acids harmful to stills, and these acids 
are neutralized by the addition of small 
amounts of ammonia. 

The effectiveness of chlorine for de­
stroying bacteria in drinking water is 
materially increa5ed by the presence 
of ammonia. This combination reduces 
the objectionable odor and taste as­
sociated with chlor ine and has a more 

prolonged sterilizing action than chlo­
rine alone. 

In fertilizers, ammonia is used for 
the ammoniation of super-phosphate 
and for the manufacture of urea and 
of sodium nitrate-synthetic Chile 
saltpeter. 

Synthetic urea, made from ammonia 
and carbon dioxide, is basic to the 
manufacture of ammonium sulfamate, 
the new industrial chemical used for 
flam,e-proofing workmen's clothes, uni­
forms, and other textiles. Urea-for­
maldehyde plastics have numerous 
military applications. 

Ammonium carbonate, a compound 
of ammonia, is one of the materials 
used to form the "bubbles" in sponge 
rubber. Mixed with the rubber, this 
chemical decomposes under heat and 
forms a gas which "blows the bubbles." 

Ammonia is used in the manufac­
ture of vat dyes, and in wool scouring 
to remove fats, waxes, and dirt. Long 
and varied is the list of achievements 
of this relatively inconspicuous chemi­
cal . 

F O U N D R Y  WO R K  

I s  Important Factor in 

Nation's War Production 

T HE art of making moulds and pour­
ing molten metal irl'to them is ages old, 
so the spotlight is often taken frO)TI it 
by new and spectacular machines 
when figures for increased efficiency 
in mass production methods are given 
out. But during the last decade or 
two, very few industries have in­
creased their over-all efficiency to such 
a degree as has the foundry industry. 

Mechanization has greatly speeded 
up almost every foundry operation. 
Conveyor lines do many laborious 
j obs' of moving moulds and materials .  
Machines condition and deliver sand 
to the foundry's moulding stations. 

Not the least among the contribu· 
tions to the efficiency of the foundry 
is the improvement made in mould­
ing machines, according to The Os­
born Manufacturing Company, one of 
the pioneers in their development. 

When Osborn built its first mould­
ing machine in 1909, the automobile 
industry was in its infancy and was 
soon to demand mass production 
methods that challenged the ingenuity 
of engineers. Everything in the 
foundry was done by hand. Comple­
tion of three of four molds for engine 
blocks was a day's work for a moulder 
and his helper. The moulders shoveled 
their sand, tamped the sand around 
the patterns, rolled over the moulds, 
drew out the patterns-all by hand. 
This was a tedious process .  The per-
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centage of scrap was high and cast­
ings made under these conditions 
lacked uniformity. 

The moulding machine was revolu­
tionary. Today, on ar. automotive pro­
duction line, a pair of these machines 
can turn out one engine block mould a 
minute. A tremendous load has been 
taken off the moulder's back. Using 
compressed air, and in some cases, 

One of the newest moulding machines 

electricity, as a source of power, the 
modern moulding machine rams the 
sand around the pattern, removes the 
pattern from the sand and handles the 
flask-all mechanically. The mak­
ing of moulds by machinery conserves 
the human element, and the precision 
and accuracy of the machine is trans­
mitted to the mould itself. The result 
is that castings made from such 
moulds are true to pattern and uniform 
in weight. 

One of the more difficult j obs de· 
manded of Osborn machines was the 
moulding of cast aluminum cylinder 
heads for airplanes. These cylinder 
heads are cast with the cooling fins as 
integral parts. The present <;lemand 
for greater power calls for larger 
cooling surfaces. This means more 
and deeper fins. Present aeronautical 
design requires that the heads be 
moulded with the fins spaced five to 
the inch, and that many of them be 
30 to 4 inches deep. Those familiar 
with foundry practice will immedi­
ately recognize the difficulties in pro­
ducing moulds so delicate, at the high 
working speed required. 

The process of drawing the pattern 
from the sand without distorting the 
thin walls of sand between the fins 
called for a moulding machine built 
to an accuracy of a thousandth of an 
inch. 

This demand wa� met, and now 
large numbers of a specially designed, 
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precision-built moulding machine are 
being supplied with working parts 
hardened and ground. These machines 
are capable of operating with less than 
one thousandth of an inch variation in 
the pattern draw stroke. 

In addition to the cylinder heads. 
the modern moulding machines are 
playing an important role in making 
possible the mass production of many 
other precision parts, parts which meet 
the rigid inspection requirements 
necessary to qualify for a place in the 
finest airplanes built in the world to­
day. 

R ESISTA N C E  W E L D I N G  

Machine Controlled by 

the Weld Itself 

AN ENTIRELY new approach to re­
sistance welding is made in the "Temp­
A-Trol" forge welder, which makes 
possible combined automatic spot 
welding and heat-treating of alloy 
steels and heavy sections and permits 
the employment of relatively unskilled 
labor for spot-welding operations. 

In general appearance, the new 
welder, shown in one of our illustra­
tions, does not differ radically from 
conventional spot-welding machines . 
In operation, however, it employs a 
completely new method of control, the 
weld itself automatically controlling 
the functioning of the machine. 

Up to now, resistance welding equip­
ment has been operated mainly through 
the use of pre-selective controls regu­
lating the amount of current and the 
duration of that current. The actual 
settings were determined by trial and 
error to give the best compromise for 
the "average" weld in a given mate­
rial of a given section. 

Actually, when operated in this 
manner, few welds are identical as 
to quality, because of variations in re­
sistance due to varying metal thick­
ness, varying induction losses as the 
material enters the throat of the 
welder, varying amounts of short-' 
circUltmg losses through previously 
completed welds in the same piece, 
variations in resistance due to the 
presence or absence of scale, and so on, 
and the gradual increase in electrode 
area due to normally unavoidable 
mushrooming. 

It is for these reasons that many 
types of resistance welding operations 
have up to now required close super­
vision or handling by highly skilled 
personnel, especially when welding 
heavy sections and alloy steels. 

The flexibility in operation of the 
"Temp-A-Trol" welder, in contrast, is 
demonstrated by the fact that-without 
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changing the machine controls-welds 
of exactly equal quality can be pro­
duced consecutively in 3i to 3i inch, in 
%6 to 3i inch, in 3i to n inch, or in 
three sections of 3i inch material at 
the same time. 

In addition to this, the "Temp-A­
Trol" welder can be used to auto­
matically heat-treat the weld in the 
same operation. This post-heat refines 
the grain size of the weld, increasing 

The weld controls the machine 

its ductility, gives the proper grain 
structure, and "temp-ers" the weld nug­
get and adj acent a;ea to any desired 
amount consistent with the character­
istics of individual alloys. It eliminates 
the accepted "necessary evil" of coarse 
and brittle grain structures when weld­
ing alloy steels and heavy sections 
of other metals. 

To set the controls of the "Temp-A­
Trol" welder it is necessary only to 
determine the temperatures which will 
produce the best weld and heat-treat 
characteristics in any given material. 
This is a relatively simple matter. The 
controls of the machine are then set 
to values corresponding to these tem­
peratures. After the controls are once 
set, the machine will automatically 
compensate itself and reproduce iden­
tical quality welds under wide ranges 
of variation as to metal thickness, 
cleanliness of metal, and other welding 
conditions. 

The basic element of the control 
which makes this possible is  the 
incorporation in one of the welding 
electrodes of a highly sensitive thermo­
couple. This thermo-couple auto­
matically shuts off the current when 
the correct temperature is reached, 
turns it on again when the weld has 
been cooled to the proper degree, 
turns it off when the correct heat­
treat temperature has been reached, 
and so on. 

Thus, instead of having a definite 

weld-time and welding-current with 
variable weld-quality, the new welder 
reproduces a definite weld-quality with 
automatically self-adj usting current 
and time cycles. 

CUTTI N G  O I L  

Speeds Production, Lengthens 

Tool Life 

MACHINES making parts for air­
planes, tanks, ships, and guns are 
showing increased production and 
longer tool l ife with the use of a new 
industrial cutting oil recently per­
fected. In one recent demonstration, 
the new oil, known as "Cut-Aid," was 
used on a machine that was throwing 
up a plume of smoke while operating 
at 100 surface feet a minute. After 
the new cutting oil was added to the 
cutting lubricant already in use, there 
was not a trace of smoke at 300 feet 
a minute. At the same time, produc­
tion was increased, tool life extended,_ 
and a better finish obtained on the­
work. 

In another operation, in a promi­
nent metal working plant in the East . 
tool l ife was extended from three 
hours between regrinds to 1 1  hours in. 
forming aluminum on a Brown and! 
Sharpe automatic, reducing ;J-i" round: 
stock to .% " . Finish improvement was 
declared to change from "fair" to> 
"excellent. " 

" The new oil has proved ideal for 
machining aluminum-one of the mosr 
difficult metals to machine and one of 
the most important in the production. 
of airplanes," says an official of the· 
Gulf Oil Corporation, where the cut­
ting oil was developed. 

"With this oil, aluminum parts now 
can be machined so smoothly that in. 
many cases they don't need to be 
polished, thus eliminating a full step· 
in production. In shops where it has­
been used, machine tools cutting 
aluminum are setting new production. 
records. 

"The oil is also excellent for cutting 
magnesium and non-ferrous alloys and 
in many cases has set new standards­
of performance for this type of work 
including finer finish, and cleaner . 
sharper, and more accurately machined' 
threads." 

The new oil was developed by Gulf 
scientists following eight years of 
study and experiment on animal oils­
such as the oils of whales, hogs, and' 
fish. These oils were chemically broken 
down and their best properties syn­
thetically reproduced, then blended! 
with mineral oil to produce a cutting: 
oil with the industrially desirable qual­
ities just described. 
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I N D U STR IAL 
TRE N DS 

ON TH E THRESHOLD OF  ELECTRON ICS 

W H;EN this war is over-and almost all consideration 
of industrial trends in practically every field ,of endeavor 
must be placed on that horizon-the science of electronics 
is going to work at least . a small revolution in many 
industrial operations. In order to gain now an appreciation 
of the possibilities of electronics in the future it is desirable 
to review some of the accomplishments of the past ; on 
these accomplishments will largely be based the successes 
of the developmerits of day after tomorrow. 

A broad definition will serve as a starting point for 
this combined review and peek into the future. The science 
of electronics may be considered to include all controlled 
applications of the electron-basic part of every atom­
to the uses of man. Thus the field ranges from X-rays and 
ultra:�violet l ight to the radio vacuum tube, to power con­
trolling devices, to power converters, to star counters, to 
the electron microscope, to innumerable other uses in 
almost equally innumerable other fields. 

The earliest familiar development in the then unnamed 
science of electronics was the X-ray, a laboratory curiosity 
that soon invaded the field of medicine and then branched 
out into many industrial ramifications. The medical uses 
of the X-ray do not immediately concern us here, but its 
invasion of industry certainly does. Thus, the X-ray has 
been put to inspection j obs in a myriad of factories, re­
vealing hidden flaws, defective welds, foreign substances 
in packaged foods and other materials, and doing other 
similar j obs that, without the X-ray, would be left undone 
or would require destruction of the material. This latter 
phase is of particular importance now. Testing to destruc­
tion, a method often employed to ,determine structural 
defects, is wasteful of time and material. Substitution of 
the X-ray's penetrating eye for the inspection-by-destruction 
process speeds up operations, conserves materials, and 
results in greater knowledge of what has actually taken 
place within a given structure during fabrication. 

In other ray fields there are ultra-violet and infra-red, 
both as invisible to the human eye as the X-ray, yet each 
as valuable to industry in its own way. On these rays are 
based lighting systems such as that using the fluorescent 
tube ; drying methqds that speed up painting, food manu­
facture, blueprinting, and so on ; ,  chemical processing pro­
cedures that cannot be carried out under visible ' 'tight ; 
sterilizing systems that kill up to 99 percent of the germs in 
the air ; and so on almost to the limits of human imagin­
ation. 

Just as the X-ray gave man- new eyes with which to see 
through things, so has the electron microscope given him 
still another pair of eyes with which he can view the 
infinitely small. Already-the electron microscope is a 
practical development of only the last few years-many 
industries have gleaned much new knowledge of their 
products, knowledge that could immediately be applied to 
betterment of the products, of the processes employed, or 
both. 

Then there are applications of the photo-electric eell 
. to countless control j obs and of the ubiquitous vacuum 
tube to rectification and amplification processes, of elec-
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tronic means for reducing the amount of smoke and dust 
in the atmosphere. These and many others are incubating in 
the laboratories of the world or are being reduced to 
practice, frequently under the hush-hush of military secrecy. 
It is largely this latter factor that prevents saying very 
much about the present-day status of electronics. Practi­
cally every development in this science, new or old, has 
military significance that must be kept under cover for 
the duration. It is lro secret, however, that the push of 
military necessity is contributing hugely to the sum total 
of knowledge about electronics. When the veil is l ifted, a 
whole new story will have to be written about the appli­
cations of this science. And it will be a thrilling story, a 
story that will have its effects on every civilized person. 

" 
PETROLEUM, A BAS IC  I N DUSTRY 

MOTOR and other fuels constitute, numerically, only a 
small part of the products that · have be�n made available 
from petroleum by the continuing process of research 
applied on a grand scale. As a result, Uae petroleum industry 
is asuming an increasingly greater importance in today's 
industrial picture, with promise of even more wonders to 
come. Where only gasoline at1;d kerosene grew from crude 
oil but a generation ago, thed�<now sprouts such a widely 
diversified group of hydro-carbon derivatives as anti-freeze 
and alcohol, high-octane fuel and butadiene, toluene and 
glycerine, ammonia and styrene. . , The foregoing short resume of petroleum products gives 
the key to future trends. Much of the development work 
that has made possible these products from the basic petro­
leum has been war-encouraged, and is going far toward 
assuring victory for the United Nations through the supply­
ing of vital materials of war. This development, of course, 
is not going to stop with the end of the war ; it is going 
to establish the petroleum industry as a supplier of raw 
materials to a host of other industries which will supply 
civilian needs in a manner never before possible. 

War materials hold the center of the stage at the present 
mQlllent. Of these, none is more dramatic than toluene, basic 
necessity for high explosives. Originally obtained from coal 
tar, toluene is now 'synthesized from petroleum ' at a rate 
undreamed of only a few years ago. Proof : During World 
War I, toluene sold for some three dollars a gallon. Today 
it is quoted at about 28 cents a gallon. In the same war field 
is ammonia, from which is made nitric acid, also needed 
for explosives manufacture. Ammonia is now being pro­
duced synthetically from petroleum. And there is glycerine, 
still another explosives constituent, which came formerly 
only from soap manufacture ; now it also is , being obtained 
from petroleum. 

Alcohols in great variety, important in many industries 
as solvents and extractants, are now petroleuIp derivatives . 
So great has been the progress of this development that, it 
is said, some of these alcohols are being produced at such 
a low cost that alcohols from fermentation cannot compete 
with them. 

Space permits touching only lightly on the products which 
the petroleum industry can extract from its raw material, 
products that, in turn, will become the bases of whole new 
industries in the future. Largely as a supplier of fuels ob­
tained from crude, the petroleum industry has built up a 
vast integrated business that has proved its efficiency in 
the past. With such a background, coupled ,with the results 
of research and war-pressure, the industry as a whole 
should . be able to keep up its rate of progress in the days 
of rebuilding after the war . 
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S t a r  Populati ons 

Have Our Existing Means of  Observation 

Given Us True Samples of Spatia l Objects? 

H E'N RY N O R R I S  R U S S E L L, P h . D . 
Head. of the. Department of Astronomy and. Director of the Ob.efVa­
tory 'at Princeton University. Research Associate of the Mount 
Wilson Observatory of the Carnegie Institution of Washington

' 

I N  studying objects of any sort, two 
things are necessary : first, to be 

able to find the characteristics of 
'
the 

accessible individuals ; and, second, to 
find out whether these individuals form 
a fair sample of the whole population 
to be investig�ted. 

The astronomer who applies this 
statement to the stars may be accused 
of using two words, at least, in the 
famous Pickwickian sense--"accessi­
ble" and "population." His justifica­
tion for the first is clear. Distant as 
the stars are, his telescopes and spec­
troscopes and photometers really enable 
him to investigate their properties. As 
for the second, statisticians are accus­
tomed to speak of a population of any 
sort , of things, a�imate or inanimate, 
which form a definite large aggregate 
from which samples may be selected 
and studied-one may have a popula­
tion of stars, or even of telephone calls. 

In order that the sample which is 
studied in detail may be fairly repre­
sentative of the population as a whole, 
two requirements must be met. It must 
be large enough to be statistically sig­
nificant-and free from systematic se� 
lection. In a small sample, say of a 
dozen, the relative numbers of objects 
Qf different kinds will depend largely 
on chance, and important, though un­
usual, types will probably not be repre­
sented ; but when the number rises into 
the hundreds, or thousands, it is proba­
ble that the percentages of different 
types Jound in successive samples of 
the same size would be nearly the same. 

Even though this was found by ex­
perience to be true, the samples might 
not be fairly , representative of the 
whole population, The individuals to 
be counted have to be picked out of 
the great multitude in some fashion ; 
and it is remarkably difficult to devise 
a method of choice which does not 
favor some tYl'es at the expense of 
others. 

In statistical studies of stars, mod­
ern astronomers are usually able to get 

fairly large samples to work with. 
Spectra - the most important single 
characteristic-have been observed for 
hundreds of thousands of stars, and 
we have at least approximate meaSures 
of brightness for over a million. 

The apparent proper motions in the 
heavens are known for more than 
50,000 stars, and the motions of ap­
proach or recession for many thou­
sands. The number of stars whose 
distances have been measured runs also 
into thousands, and tens Of thousands 
more are 'observable spectroscopically 
with existing instruments. 

We can measure the colors, and get 
a good idea of the temperatures of as 
many stars. 

I N some ways we are more limited. 
We can find the masses .of stars only 

if they are doubles in orbital motion, 
and their , distances have been meas­
ured. Even so, about 600 systems are 
available. Densities can be found only 
for eclipsing binaries, but we already 
have data for some 200 of them, with 
many more awaiting observation. 

We do not know nearly as much as 
we wish we did about the causes of 
real variability in brightness ; but this 
is not for lack of material, for thou­
sands of variable stars are known, and 
hundreds of them"'have already been 
observed in a fairly detailed manner. 
There are certain classes of variables 
;-for example, the novae--for which 
we must wait upon time to send us 
more to observe ; but scores of these 
are known, and eight or ten, at least, 
have been observed very fully. 

The white dwarfs, a few years ago, 
formed an exception, an obviously im" 
portant class with only three or four 
members ; but persistent search has 
increased the number known to more 
than 20. 

A search for unique obj ects would 
be most encouraging among the stars 
with peculiar spectra. But, even here, 
it is noteworthy that-so far as the 

writer can recall-there is hardly a 
single object which really stands alone. 
It looked as if this had happened at 
last, when the first spectrum of a super­
nova was observed and found to be 
different from anything known pre· 
viously ; but the next super-nova had 
almost the same spectrum. 

We can see so far into space, and 
there are so many stars there, that 
there appears to be a very good chance 
that anything that is seen once will 
be seen again within a few decades or 
less. There is nothing new under the 
sun-or in the heavens far beyond it. 

There is really good reason to be­
lieve, therefore, that we have already 
observed examples of nearly all the 
kinds of stars or other luminous bodies 
that exist in space--though the recent 
discovery of super-novae reminds us 
that . "there are as good fish in the sea 
as ever were caught." 

WE must never forget, however, that 
·this knowledge, wide as it is, is 

subject to seyere limitations. The great­
est and most unescapable of .these is the 
obvious one that we can observe only 
what we can see ( treating photography 
fairly enough as another kind of 
vision ) . Anything which is the object 
of astronomical study must either give 
out light on its own account, because 
it is hot, like the Sun and the stars ; or 
shine by reflected light, like the planets 
and some diffuse nebulae ; or give out 
light of its own when .stimulated by the 
'l ight of a near-by star, like comets or 
gaseous nebulae ; or, finally, obstruct 
or absorb light, whether in general, 
l ike the dark nebulae, or in particular 
wavelengths like the gases in inter­
stellar space, or -in the atmospheres of 
the planets. There is one exception : a 
dark body may reveal its presence by 
the effects of its gravitation, producing 
orbital motion in a luminous com­
panion: The faint companion of Sirius, 
first discovered in this way, was later 
seen telescopically ; but there is reason 
to believe that some other such stars 
may be substantially dark. But even 
this exception would be unknown to us 
if the companion star did not shine. 

This l imitation excludes from our 
study all cold bodies outside our own 
planetary system. We can predict 
from general physical principles what 
they should be like. Large masses 
( more than 100,000 times the Earth's ) 
must be intensely hot inside, gaseous 
throughout, and self-luminous-in fact, 
stars':"""unless they have reached the 
degenerate state of enormous density, 
which the white dwarfs approach. 
Masses 1 0,000 times the Earth's should 
settle down into a partly degenerate 
condition, in which they would be cold 
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and dark ; those less than 1000 times 
the Earth's should, l ike the planets, 
have cores of ordinary solid matter­
the larger Dnes with very extensive 
atmospheres l ike Jupiter, the smaller, 
with l ittle or none, like the Moon ; and 
from this there should be a continuous 
gradation through bodies l ike asteroids 
and meteorites down to fine dust, and 
at last to individual molecules and 
atoms. At the bottom of the scale, the 
particles are so enormously numerous 
in many regions of space that they 
produce observable absorption effects ; 
but there is a vast intermediate range 
of size within which they are hope­
lessly unobservable. 

From the rotation of the galaxy it 
follows that · the total gravitating 
mass in it is not many times greater 
than that of the luminous stars.  A con­
siderable part of the excess is doubt­
less accounted for by the dust and gas ; 
but there may still be a iarge amount in 
the form of dark bodies. On a census 
of individuals, these may be very much 
more numerous than the lucid stars­
or perhaps not. We have only this to 
go on. When we try to count the stars 
in a given volume of space-preferably 
in the region close to us-we find that 
the great maj ority are fainter, and less 
massive, than the Sun. The numbers 
increase as we go to still fainter and 
smaller bodies-indicating that there 
are a great many more beyond the 
limits of our study. 

T H ERE is some evidence that the rate 
of increase slows up, and perhaps al­

most stops, for the faintest stars which 
we can observe. We can reasonably 
extrapolate and say that there must 
be enormous numbers of bodies of 
one tenth the Sun's mass ; but beyond 
the limit at which bodies would settle 
down into a solid, rather than a par·, 
tially degenerate state, we cannot safe· 
ly estimate. 

We have as yet no idea at all why 
or how so much of the matter in the 
galaxy ever came to segregate into 
huge lumps l ike the stars. It is in fact 
hard to see how this could happen, if 
we start with the conventional assump­
tion that the matter was "originally" 
distributed with rough uniformity 
through galactic space. On this basis, 
the stuff that ultimately formed a star 
would at first have been distributed 
through a volume at least a light-year 
in diameter. Unless the relative mo­
tions within this scattered assemblage 
were exceedingly small, the mass, when 
it shrank to the dimensions of a star, 
would be rotating far faster than the 
average star-indeed, it would have 
too much rotational momentum even 
to form a wide binary pair. 

Yet, if the galaxy as a whole was 
rotating, as it does now, about a cen­
tral condensation containing a consid­
erable part of its whole mass, the 
attraction of this condensation would 
pull apart a configuration as exceed­
ingly tenuous as that just described, 
and prevent it from condensing at all. 

We do not know, of course, whether, 
when the stars were formed, the galaxy 

, -or the matter which grew into it­
was of its present size. The theory of 
the expanding universe points the other 
way. But, in our complete ignorance 
of what actually happened, we have no 
basis at all for even guessing how 
many smaller masses were formed in 
the same process. 

T H IS we do know : our methods of 
observation give an exorbitant, and 

almost incredible, preference to the 
stars of great mass and luminosity. 
Our capacity for observing a star de­
pends not on how bright it is but on 
how bright it looks, and hence very 
largely upon its distance. The stars 
visible to the naked eye, for example, 
run down to about the limit of spectro­
scopic observation in full detail with 
high dispersion. To be thus visible, a 
star of the Sun's real brightness must 
lie within a distance of approximately 
50 light-years-and we find a consid­
erable number of these. But a star of 
1 /100 of the Sun's luminosity will be 
visible without a telescope only if it 
lies within five light-years. There are 
dozens of stars of about this brightness 
within 50 l ight-years, but a five year 
radius occupies only a thousandth part 
of the volume of the larger sphere, and 
it is not surprising that we do not find 
one within it. Inside this small sphere, 
we know of only three stars - the 
bright double Alpha Centauri, and its 
very faint distant companion often 
known as Proxima Centauri .  This tiny 
star is but 1/25,000 as bright as the 
Sun. 

If, on the other hand, we seek stars 
, a  hundred times brighter, in reality, 
than the Sun, we can see with the 
naked eye all that are nearer than 500 
light-years. Our vision ranges over a 
thousand times greater volume of space 
than for stars l ike the Sun. If they 
were distributed in space as thickly 
as stars of the Sun's brightness, our 
list of stars visible without a telescope 
should contain a thousand times more 
of the brighter sort than of the fainter. 
This is remote from the facts ; some­
thing like half the stars in question 
belong to the brighter group-or those 
still brighter, and one or two percent 
to the fainter group. In our list of 
"bright stars" those of high luminosity 
are therefore preponderant in the pro-
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portion of ( roughly) 30 to 1 .  But, 
when we apply the obvious correction 
necessary to pass to the numbers of 
stars in the same volume of space, we 
find that the fainter stars are in an 
even larger majority. 

The brightest super-giant stars, such 
as Rigel and Alpha Cygni, exceed 
the Sun 10,000 times or more in bright­
ness. Such a star would be visible to 
the naked eye at a distance of 5000 
l ight-years. Among the 22 apparently 
brightest stars there are the two super­
giants j ust named, and only two which 
are comparable in real brightness with 
the Sun-Alpha Centauri and Pro­
cyon. This is a small number to argue 
from ; but if space were uniformly filled 
with stars it would indicate that the 
super-giants were about a million times 
less frequent, in a given region of 
space, than stars like the Sun. This 
is an exaggeration for two reasons : 
first, a distance of 500 l ight-years ex­
tends on both side of the galactic plane, 
into vast regions where the stars are 
thinly scattered ; second, at these great 
distances we must reckon with the 
absorption of l ight by the thin dust­
haze which fills the galaxy and makes 
remote stars look fainter than they 
otherwise would. 

MAKING a liberal allowance for these, 
it nevertheless follows that the 

necessary l imitation imposed upon TIS 
by the selection of stars bright enough 
to observe gives the super-giants an 
advantage of at least 1O,OaO-fold 
against stars as bright as the Sun, and 
of many a billion times against the 
faintest dwarfs . 

We must therefore be cautious about 
the interpretation of direct counts of 
the stars .  For example, almost all the 
stars which present marked peculiari­
ties in their spectra are found (when 
we can investigate the matter ) to be 
of high luminosity. The assumption 
that peculiar spectra in some way not 
yet understood were naturally associat­
ed with a great real brightness is 
tempting. But if one in a thousand of 
the highly luminous stars is peculiar, 
we shall stand a good chance of find­
ing not one, but a good many such 
stars among the million stars which 
appear brightest in the sky, and are 
visible in a small telescope. 

The stars of one percent of the Sun's 
real brightness will constitute but a 
very small fraction of these stars 
( s ince we can see them only when they 
are near us) and an equally unusual 
peculiarity may stand a very good 
chance of being missed altogether for 
lack of an adequately large sample to 
study.-Princeton University Observa­
tory, October 1, 1942. 
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The Folsom Myste r y  
I ts Solution is Largely Contingent on the 

Solution of Another Mystery 

L O RE N  C .  E I S E L E Y  
Associate Prof ••• o r  of Anthropology, 

University of Kansas 

som, ' : culture is ;still a controversial 
subjeCt . revolving largely arou.nd the 
questiiJtt' of when these large Ice Age 
animals actually disaPPrared. 

Most of the geologists and students No mystery in American arche� of fossil animal life who have at· 
ology has been more fascinating l' tempted to aid in dating the remains 

than that of the Folsom culture. In the ' , '  take the view that the last of these 
15 years that have elapsed since the animals perished in the closing period 
original s ite was excavated at Folsom, of the last glacial retreat some 1 5,000 
New Mexico, archeologists have dili- to 25,000 years ago. Some, however, 
gently pursued every clue that might 
shed a ray of light on the shadowy 
"first" Americans. Their subsequently 
discovered sites, scattered over a 
wide area in the High Plains region 
of the United States, reveal little about 
them except that tl�ey were hunters 
of animals long since vanished : ex­
tinct Americ,an camels, bison larger 
than the historic variety, strange 
South American , sloths, and even the 
huge American elephants, the mam­
moths. ' Their characteristic hunting 
tool, a grooved, exquisitely fashioned' 

"point," superior in workmanship to 
any other variety of point known from 
the New World, speaks eloquently of 
their artistry and skill. ,But, so far, 
there is . little else except these pe­
culiarly shaped, beautifully made "Fol­
som" points to, speak for the intrepid 
hunters who made them. Tantalizingly, 
his unmistakable weapon, but not 
Folsom Man , himself, appears in site ' 
after site associated with the now­
extinct animals which he hunted. 

Although geology has brought cor­
roborative evidence to bear on the 
antiquity of Folsom Man, it is paleon­
tology, the study of fossil animals, that 
has so far ' offered the most revealing 
clues. There is no longer any doubt 
that the association of the Folsom 
point with the bones of extinct animals 
is real and not accidental . The first 
discovery, in 1927 at Folsom, New 
Mexico, of peculiarly shaped imple­
ments of human manufacture associ­
ated with the bones of a species of 
bison supposedly· extinct since the 
closing period of the Ice Age, has 
since been duplicated in other regions 
by scientists, whose investigations 
were conducted under conditions im­
posing the strictest control . But the 
question of the exact age of the Fol-

Typical Folsom point 

express the belief that many of these 
archaic beasts lingered . down into a 
period perhaps as late ·.ras 5000 B.C. 

The animal most commonly hunted 
by Folsom Man, and hence most com­
monly used for dating purposes, seems 
to have been a species of buffalo slight­
ly larger than the existing species and 
somewhat more powerfully horned. 
It is commonly termed Bison taylori 
by stientists, in contrast to the term 
Bison bison applied to the living form. 
Beyond size distinctions the animal's 
skeleton is not markedly distinct from 
the living bison which, as a matter 

of fact, may be its direct descendant. 
At all events, Bison bison, the living 
form, seems clearly to succeed the 
older Ice Age bison; probably at the 
termination of the last glacial with­
drawal. The larger form was doubt­
less adapted to enduring greater ex­
tremes of cold, and may have failed 
to hbld its range as the post-glacial 
climate began to swing toward a 
warmth maximum to which the animal 
was ill adapted. Instead, a new and 
smaller bison, perhaps developed 
from the bigger species in more south­
ern areas, flows in over its receding 
range. Whatever the cause, Bison 
taylori vanishes from the High Plains 
and the historic ( living) buffalo suc­
ceeds him. 

Whether the larger animal fol­
lowed the ice back northward and 
lingered there beyond its survival in 
the United States is a problem which 
has received l ittle consideration. No 
data have been available, and both 
paleontologists and archeologists have 
concentrated their attention upon the 
problems of the more immediate area. 
Hidden away in old books, however, 
discussed by naturalists interested only 
in existing , animals, a curious broken 
thread of clues winds backward into 
the days of the first voyageurs who 
explored the Great Northwest. If these 
clues are ' comprehended in relation to 
the archeological picture which we 
have j ust discussed. they take on a 
strange and almost startling signifi­
cance. 

A s the first explorers and hunters 
drifted into the region around 

Great Slave Lake and wandered 
through the valley of the McKenzie 
River, they found bison to be present 
in large numbers, even in this far 
northern area. As acquaintance with 
these animals was extended, hunters 
began to comment that these northern 
buffalo were larger and differed some­
what in habits and appearance from 
their southern relatives of the Great 
Plains. Though difficult of access and 
hence viewed by few scholars, these 
distinctions were eventually accepted 
as valid and the big northern bison 
came to be regarded as a more rugged 
variety of the southern animal. 

Eventually, in 1897, a naturalist 
named Samuel Rhoads undertook to 
describe the type and establish its 
scientific validity by giving it a vari­
etal name. As a consequence, the 
animal has s ince been known as Bison 
bison athabascae. Unfortunately, 
most of the measurements which exist 
are hunters' measurements upon the 
body and are of little value in making 
comparisons with the skulls of extinct 
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mimals found in the form of fossils. 
Rhoads published a few figures, how­

�ver, and the writer has had access 
:0 a few others. These figures tend 
:0 bear out a very interesting point 
which even Rhoads saw fit to hint at 
.n a tentative way : namely, that these 
Jig northern bison in certain measure­
ments fell within the size range gen­
�rally regarded in the United States 
1S representing only the fossil forms 
)f the closing Ice Age. Though, as 
me might expect, there are contradic­
:ions and discrepancies in the various 
1ccounts, the earlier literature, in par­
:icular, is emphatic upon the subject 
)f large size and greater length of 
lorn. The measurements across the 
:orehead from the base of one horn 
:ore to the other are much greater 
:han in the southern bison and as large 
1S in the fossil forms found associated 
with man. 

A T this point a question must inevit-
ably occur to the reader. These 

Ilorthern bison, whether or not we 
1ttempt to relate, them to the fossil 
)ison found associated with early man 
in the Plains region, are a cold-loving 
corm. Where were they when the ice 
;heets lay across Canada ? Obviously 
it would seem that their range must 
Ilave been pushed much farther south. 
How, then, can we ignore the fact 
:hat this big animal may also have 
Jeen hunted by early man in the High 
Plains region, or even the suspicion­
:all it no more than that-that Bison 
7ison athabascae, at least in a reduced 
md mixed fashion, bears some inti­
mate relationship to the big Middle­
western bison of the, closing Ice Age ? 
Even if, like some scholars, we mere­
ly regard the present northern bison 
1S a climatic phase of the ordinary 
Plains bison, the question might still 
uise whether the fossil bison species 
known as taylori could not then be 
viewed as a similar and even more 
vigorous reaction to glacial conditions . 

S ince the surviving northern bison 
1l0W inhabit a Woods bison preserve 
in Northern Alberta, it would seem at 
�rst glance a very easy matter to 
;ettle some of these problematic rela­
tionships by a more extended study 
:levoted to detailed comparisons of the 
;keleton of this bison with that of the 
Eossil forms hunted by the Folsom 
[leople.  Here again, however, the 
[lroblem is much more complicated 
than it appears. 

The number of Woods bison de­
:lined greatly during ilie 19th Cen­
tury and at one time was estimated to 
be as low as 50 head. In 1893 the 
Canadian government passed the first 
laws attempting to protect them. A 

slight upswing in numbers took place. 
Then, in 1925, the Canadian govern­
ment carried out a policy which the 
American Society of Mammalogists 
vigorously but fruitlessly protested. 
Large shipments of Plains bison were 
introduced into Woods Buffalo Park 
and a large-scale intermingling of the 
two types took place. Clearly it is now 

Sku l ls of Bison bison and Bison tay­
lori, showi,ng comparative sizes of 
skul ls. Drawings by the auth or, from 
speci mens in N ebraska State Museum 

impossible to be sure of the strain 
represented by an individual bison. 
The number of unmixed animals must 
now constitute a very minute, if ex­
isting, fraction of the herd. 

In drawing attention to the tan­
talizing similarities between descrip­
tions of the fossil species and that of 
athabascae, the existing northern form, 
it must be remembered that no really 
thorough' comparison is possible in the 
present state of our knowledge. 
Nevertheless, the implications of sim­
ilar body size make it impossible to 
ignore the fact that the northern 
bison, at least as it existed in early 
historic time, may have actually repre­
sented a type somewhat more archaic 
than the Plains bison. If, as seems 
likely, the fossil bison pursued , by ilie 
post-glacial hunters of the Middle­
western United States was a form 
adapted to colder winters, it may have 
l ingered for a time in the Canadian 
areas, perhaps being slowly bred out 
as a pure type. If the animal survived 
in iliis form, it is unlikely, in spite of 
its temporary isolation during the 
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19th Century, and i ts  preference for  a 
forest habitat, that it escaped contact 
with its southern relative during the 
days of the . great herds. 

Evidence is not lacking that a grad­
ual increase in horn size and rugged­
ness extended from the south to the 
north in geographic sequence. Such 
a sequence may suggest that the transi­
tion from the fossil to the l iving, form 
was progressive in both area and time. 
Only the onset of post-glacial warmth 
would seem to suggest an adequate 
causative factor. 

In the light of the evidence we have 
here summarized it would seem that 
a reasonable possibil ity exists that this 
inadequately known phase of the living 
bison represents, at least in a mixed 
and dyiqg way, the blood strain of 
the cold-loving bisons of the late Ice 
Age. 

WHETHER or not this interpretation 
is correct, the southward exten­

sion of the range of this species dur­
ing the last ice advance cannot be ig­
nored as a possible confusing element 
in the study of bison remains from 
archeological sites where complete 
skulls are missing. In the size of leg 
bones the living Bison bison athabas­
cae could not be distinguished from 
the fossil form. Inadequate study of 
both animals, as well as a dearth of 
fossil evidence from the Canadian 
areas, has shrouded in mystery both 
the disappearance of the fossil species 
and the appearance of its succes.sor, the' 
existing Plains bison. 

Where the big northern woodland 
bison belongs in this succession of 
forms can be revealed only by much 
more thorough research than has as 
yet been attempted. In so far as evi· 
dence exists, however, it is not ad­
verse to the view that these bison may 
represent an archaic form existing 
only as a marginal remnant, now 
fast disappearing. 

Nevertheless, even if we could prove 
that the northern bison bore a very 
close relationship to the fossil type, 
we could not, on that basis alone, 
argue that man's occupation of the 
Great Plains was extremely recent. 
Only the last great ice withdrawal 
seems adequately to explain the change 
in the type of bison in the western 
United States. 

Undoubtedly the relationship be­
tween the big woodland bison and ilie 
fossil species hunted by Folsom Man 
demands clarification. When this is 
successfully accomplished, we may be 
much farther along the road toward 
dating those mysterious forerunners 
of the American Indian in the Great 
Plains. 

' 
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OfIieial U. S. Navy Photograph 

The destroyer Shaw, i n  Pearl Harbor on December 7, 1 941 ,  shortly after Japanese 
aerial bornbs made direct hits. A false bow got her back to a West Coast yard 

B r o k e n  S h i p s  M a d e  N ew  

Fast Work by Civi l ian Engineers is Getting Al l ied 

Warsh ips Back Into Service in Record Time 

D AV I D  O. WO O D B U RY 

IT is no secret that American war­
ships are taking a battering by the 

enemy and that some of them are l imp­
ing home from the battlegrounds of 
the seven seas, ripped and broken and 
urgently in need of repair. Half ships, 
backs of ships, fragments of ships 
sometimes-destroyers with their bows 
blown off, submarines torn asunder as 
if a giant can opener had done the 
j ob ; corvettes with whole broadsides 
open to the waves, cruisers with masts 
down and decks tangled with steel . 

In the early part of the war it was 
German psychological strategy to 
claim a ship sunk as soon as it was 
hit. For a while after Pearl Harbor 
the Jap used the same ruse. But neither 
enemy does so now. Too many Allied 
ships have been knocked to pieces only 
to reappear again better than new, 
actually stronger in armament and up 
to the minute in every essential detail. 
The Axis has learned to fear the ves-

sels it has crippled but not destroyed. 
The enforced rest period for repair 
gives our navies a chance to catch up 
on the latest wrinkles of battle-tested 
equipment and to send their ships back 
to sea more formidable than ever. 

The secret of thi s work of renova­
tion - most of it accomplished in 
American navy yards-is the l ightning 
speed our technicians have developed 
in making repairs, speed and ingenuity 
born strictly of the emergency. Feats 
of reconstruction are being done today 
which even a year ago would have 
been called impossible. Before Pearl 
Harbor a sunken hulk like the bombed 
destroyed Shaw would have been left 
to rust at the bottom of the bay. But 
after the Japanese betrayal a new spirit 
of "can-do" hoisted the Shaw out of 
her grave, fastened a false bow on her, 
and sent her 2000 miles to a West 
Coast navy yard for permanent re­
pairs. Now she is h:lck in the fighting 
line, a deadlier ship than when she 
was first built. The whole job took 
three months. A similar rebirth awaits 

the cruiser Marblehead, whose blasted 
hulk was sailed half way around the 
world from the Battle of Java to an 
American port. In ordinary times such 
an effort would have been absurd ; 
today it is part of the routine of the 
new warfare. 

T HE credit for performing these 
miracles of rej uvenation goes to a 

group of young engineers in our navy 
yards who have developed methods of 
their own, not out of books or conven­
tional practice, but out of their own 
heads. These surgeons in steel are not 
of the Navy at all, but are men who 
have j oined the show since the war 
began. A few months ago they were 
landlubbers with l ittle knowledge of 
ships and a merciful ignorance of 
official red tape. The steadily increas­
ing number of damaged ships limping 
home- appealed to their imagination 
and they asked to be taken into the 
Naval Reserve so that they might exer­
cise their special talents while the 
regular Navy men went to sea. Gladly 
their request was granted ; the Navy 
was not dismayed by the fact that 
they had no formal training in marine 
construction. It simply told them to 
go ahead and do th� best they could. 
Today they are the world's foremost 
experts in sending broken ships back 
to sea. 

Officially this gang of young bloods 
is known by the prosaic title of Navy 
Yard Hun Superintendents. But "in 
fact they are gamblers who play the 
last ounce of mechanical ingenuity 
against time. Operating on their own 
responsibil ity in what amounts to an 
administrational vacuum, they turn 
out seven-week j obs in three weeks, 
five-day repairs in :l single night, and 
seemingly achieve the impossible with 
every problem they undertake. They 
are little known outside the yard 
gates and they receive no medals .  But 
they :lre patriots none the less. Volun­
tarily they have sacrificed good civilian 
salaries, given up their private lives, 
thrown away their holidays and spare 
time, all because they have discovered 
a vital way to help win the war. They 
are young, angry America stepping 
up front to fight. 

How they work is typified by the 
example of a young lieutenant who 
may be caned McCantry, on repair 
duty in an Atlantic Coast yard. Not 
long ago a battered warship was on 
her way in from sea, her "availability" 
for overhaul _ only eight days. This 
ship had been on action station for 
months-some 40,000 miles of sea duty 
without a break. Officers and crew 
were weary from weeks of confinement 
in her battleshaken interior. To get 
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back to work their vessel must be 
renovated from stem to stern-in eight 
days. They were angry particularly 
because they knew that this could not 
be done. 

Commander Gurney, the Boss Hull 
Superintendent of the yard, was the 
first to hear of her coming by radio. 
He took a quick look at the work board 
in his office and summoned McCantry. 
"Do what you can, young fellow," he 
ordered. "Put her in Dock Four and 
turn the yard loose on her. I 'll inform 
your wife you won't be home." 

Mac grinned ; this was a challenge 
such as he loved to meet. Pulling the 
telephone to him he began rounding 
up his forces. All over the yard shop 
bosses and estimators threw on their 
coats and converged on a Navy tug 
at the pier. Within ten minutes Mc­
Cantry and his men were on their way 
down the harbor to meet their ship. 
Their timing was perfect. Within half 
an hour they had scrambled aboard 
the tired warship and were on their 
way back to the yard. During the 
trip they had just 30 minutes to com­
plete their inspection and lay their 
plans. 

Skilfully Mac surveyed the damaged 
ship. There was certainly plenty to 
do. Hull plates sprung on the port 
side, super-structure cluttered with 
wreckage from a direct bomb hit, 
mast out of line, small boats smashed, 
gear of all kinds gone adrift. In the 
wardroom, however, he made no com­
ment, only asked for details .  The 
Executive Officer threw a list on the 
table. It was ludicrous in its length. 
New A-A guns, new cranes for the 
boats, new magazines and fire con­
trol ; hull plates removed and straight­
ened, mast reset. Acid lockers and 
fuel tanks cleaned and relined, radio 
equipment replaced, crew's quarters 
remodeled, windlasses, anchor gear 
and steering equipment overhauled. 
Ventilating system, boat cradles -
everything - pulled down and refitted. 
From fighting tops to keel plates the 
ravages of uninterrupted battle service 
had to be erased. And at the bottom of 
the list was this : Complete overhaul 
and repair of potato-peeling machine. 

THE Executive Officer grinned wryly. 
"Here you are, Lieutenant. Do 

whatever you can in a week." 
Most of those j obs were major 

operations-a month's work at least, 
by pre-war standards. But McCantry 
had learned to work differently. 
Snatching a pad and pencil he began 
to break down the list · and pass the 
sheets to his various yard bosses amid 
a cross-fire of discussion and orders. 
There was no time for formal blue-

The Shaw, with temporary bow in  place, has returned to the U n ited States for 
final repairs and the insta l lation of a new bow. She is now deadl ier than ever 

prints or routine procedure. Every 
foreman must carry his part of the 
work in his head or scratched on the 
back of an old envelope. After this  
one conference there would be no 
further powwows. If difficulties arose 
they would have to be solved empiri­
cally, on the spot. 

When the Navy Yard was reached 
Mac's plan of campaign was complete. 

In the hour and a half required to 
drydock the ship the young hull super­
intendent rounded up his supplies and 
set the various shops in motion. The 
dock was not yet dry when a thou· 
sand men, drawn from every depart­
ment, began swarming aboard with 
their tools .  Power l ines were going 
up, portable machines were swinging 
aboard from overhead cranes ; stagings 
were being lowered over the ship's 
sides. While the sailors scurried ashore 
to be out of the way, workmen were 
penetrating into every compartment, 
each charged with a specific job. 

Already familiar with the ship's 
layout from stem to stern, McCantry 
established a route of inspection and 
began circulating methodically, show­
ing each riveter and welder, carpenter 
and linoleum layer how to work with­
out interfering with his neighbor ; 
keeping up the tempo with a cheery 
word or a bit of advice or praise. The 
important thing in an emergency like 
this was to set the pace and maintain 
it. It was a battle against time : The 
men all knew their j obs ; all they 
needed was the example of a boss ready 
to sacrifice himself to the l imit to ac­
complish the work. So, through the 
first day and night and the second day 
Mac remained aboard continuously, 
without sleep, carrying a sandwich in 

his hand and a bottle of pop in his 
pocket. By the second night things 
were proceeding so well that he kept 
on until the unrelieved stretch had 
lengthened to 66 hours. Only then 
was he so sure of success that he could 
throw himself down on his office desk 
to snatch a few hours of badly needed 
sleep. 

I T was McCantry's hunger for punish-
ment and his calm assumption that 

every man under him could take it 
as well as he could himself that put 
this job through. At the end of six 
days and nights, with all hands work­
ing 16-hour shifts, the ship was com­
pletely repaired and renovated. Every 
item in the list was checked off and 
done, even to the overhauling of the 
potato-peeling machine. On the sev­
enth day the vessel was ready for sea, 
better than new. 

The secret of wartime repair lies 
in the democratic system of free enter­
prise and individual responsibility. 
Each new job is  pushed through to 
success in record time because it is a 
complete campaign in itself, under the 
guidance of a man who is in an indi- -
vidual race against the enemy. When 
the need for high-speed repair first 
hit the yards no one knew how to 
meet it. The hull superintendents 
were kindergarteners then and the 
Navy did not expect very much of 
them. But it had no choice but to turn 
these reserve technicians loose and let 
them try. What these Commandos of 
the shipyards did with the opportunity 
has set a new American standard for 
high-pressure work which has been 
copied in every shipbuilding yard in 
the country. 
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McCantry and his companions cut 
their eye teeth on the Allied warships 
that limped into our yards in 1940 
and '41 .  These foreign casualties were 
especially tough, for they had been 
through the combined infernos of 
Crete and the Western Approaches, 
surviving attacks by torpedo, naval 
gun, and aerial bomb. Some of them 
were almost total wrecks-floating 
junkyards that even their owners des­
paired of saving. Moreover, they were 
built in a different style . 
trom our own. Thousands 
of small fittings�valves, 
bolts, pipes, and machines 
-were of slightly 'differc 
ent design and could not 
be replaced out of Ameri­
can stock. Many a repair 
part had to be made up 
specially for the j ob, often 
by hand in a machine shop 
or foundry. From the start 
this kind of work taught 
the young technicians to 
improvise, taking whatever 
they had on hand and 
making it fit. When stand­
ard steel plates were not 
wide enough, they patched 
smaller ones together by 
welding. When American 
electric lamps didn't fit 
foreign sockets, they ripped 
out whole wiring systems 
and put them in new. 

that the j ob would take a year. Her 
wounds, though not publicized, were 
extremely serious. At the end of 70 
days she sailed again, a new battleship 
with many improvements suggested by 
the loss of the Graf Spee. The British 
were delighted. As many as possible 
of her naval casualties are now sailed 
to American yards for repair. 

The heavier the steel of a warship's 
hull, the tougher the problem of clean­
ing her up after bombs and torpedoes 

Official  U. S. Navy Photog raph 

of having their l ife lines cut by the 
knife-sharp edges all around them. 
Mullins had never been down before ; 
without practice he shouldn't have 
gone. But he wanted to save time by 
applying his knowledge of cutting 
methods directly to the job in hand. 
As a result the ship was drydocked a 
full half da.y ahead of schedule and 
repairs beat every previous record set 
by the yard. Mullins's example in that 
first risky operation had put every 

• 

workman on his mettle. 
These young hull super­

intendents wear ' the uni­
forms of Reserve officers 
of minor rank-indistin­
guishable from thousands 
of others who do our naval 
fighting and patrol. But 
their authority is out of 
all proportion to their sta­
tions ; it is unique. To be 
in charge of a whole war­
ship under repair is to be 
the boss of every civilian 
on the j ob and to have 
priority to get things done 
immediately in all the 
shops. It means that the 
young engineer must know 
every compartment on the 
ship, understand the pur­
pose of every beam and 
plate and every machine, 
and know how to find any 
kind of trouble and set it 
right. In addition, he must 
handle his men skilfully 
and get along with every 
yard boss into the bargain. 

Every visiting ship car­
ried a full set of plans by 
which repairs were sup­
posed to be possible - in 
their home yards. But 
many of the specifications 
couldn't be met in Ameri­
ca. So the hull superin­
tendents sometimes had to 
ignore the plans altogeth­
er, inventing new layouts 
and construction details as 
they went along. Thus they 
made a virtue of necessity 
and soon had developed the 

The Shaw, in. d rydock on the West Coast, with her new 
forward section shown in the foreg round ready for installation 

He' is working on his 
own, with millions of 
dollars worth of ship at 
his mercy. Actually he is 
tied solidly into the navy 
yard organization in a 
position that is s imply 
streamlined to fit the emer­
gency. In each of the yards 
he and his colleagues re­
port to a Chief Hull Super­

habit of solving their problems out of 
their heads, leaving standard practice 
behind. They knew the results re­
quired ; how these were achieved mat­
tered little so long as the j ob was done 
quickly and with success. It was an 
engineer's paradise. With the huge 
resources of the yards at their backs 
they could build new ships out of old 
ones with no other limit than their 
own ingenuity and endurance. The 
old complaint that "it can't be done" 
had become for them a challenge and 
later a guarantee of success. 

Our, allies, desperate for ships, were 
incredulous. When a great dreadnought 
came in for repairs the British feared 
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have torn her apart. A typical case of 
heavy repair confronted a sandy­
haired young ensign named Mullins, 
who had graduated from engineering 
school less than two years before 
joining the Reserve. He had to get 
this ship into drydock without per­
mitting her ragged bottom plates to 
smash up the dock flooring on the way 
in. Coolly he had her crew make the 
ship fast to a pier in deep water. 
Jumping into a diving suit he went 
down with a couple of professional 
divers with underwater cutting torches. 
The three of them spent all day and 
part of the night cutting loose jagged 
pieces of steel, constantly in danger 

intendent-a naval old-timer who par­
cels out the work and keeps a seasoned 
eye on his l ittle group of virtuosos. 

. The Chief in his turn is responsible 
to the yard's Construction Officer, 
who is directly answerable to the 
Commandant. N one of these three 
head men tolerates red tape. In this 
repair job there is something of the 
spirit of the research laboratory, 
where independence and initiative are 
90 percent of the stock in trade. Only 
one requirement is held over the men : 
they must get their work done right, 
in record time. How they do it is their 
own affair. They must work out their 
own contacts with departments of 
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supply and manufacture and transpor­
tation. N obody interferes with them 
unless by their failures they prove 
themselves unequal to the job. 

In peacetime such tremendous re­
sponsibility on young shoulders would 
be impossible. But results have proved 
repeatedly that lifelong experience is 
not necessary. Ingenuity and plain 
common sense get the hull superin­
tendents out of every jam. When 
they come to the yard they do not 
enter any long course of training, 
but are given a repair job and told 
to go ahead. If they make mistakes 
they must rectify them as best they 
can. The Navy knows that these fel­
lows have been used to independence. 
Their · great contribution will be in­
nate judgment and the energy of youth. 
The Navy has learned that when a 
man has no time to make mistakes he 
won't make them. 

Official U. S. Navy Photograph 

The hull superintendents are drawn 
from all over the land-from industry, 
business, laboratories, sometimes from 
college graduating classes. Admiral 
Yarnell, of China fame, is credited 
with the idea of digging them out and 
giving them a try. When the repair 
problem threatened to become serious 
he persuaded the Navy Department 
that industry was full of young engi­
neers who would make top-notch fixers 
of damaged ships. He made a tour 
of the technical colleges and large 
corporations and interviewed hundreds 

A close-up of the operati on of jo in ing the Shaw to her new bow. The ship, at r ight, 
is being flooted into position for attaching the bow which is seen at the left 

OfIicial U. S. Navy Photograph 

of men from 25 to 30 who had shown 
outstanding ability along engineering 
lines. He told them there was a big 
job to do in the yards ; that, although 
he could offer them little money and 
no fame, they would have an unbeat­

able opportunity to serve 
their country by doing the 
work they knew how to do 
best. If they would come he 
would see to it that red tape 
was cut and that the sky was 
made the limit for results . 
They took him at his word 
and joined the Reserve in 
droves. 

McCantry, for example, 
was a welding specialist 
for a large manufacturing 
outfit. Mullins worked for 
a farm machinery concern. 
Young Johnson had been 
a naval architect with 
the Maritime Commission. 
Teale had a small consult· 
ing firm of his own. These 
men and many more l ike 
them had been uneasy in 
their civil ian jobs for some 
time. They wanted to get 
into the game but saw no 
way of making their specia� 
talents useful. Then came 
Yarnell's offer and inside of 
a month they were repair­
ing ships. 

The Shaw's temporary bow has been removed; 
ship ( in background ) wi l l  be floated to new bow 

Men like Martin and 
Baker, cement plant engi-
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neers, had been responsible for many 
short-cuts and improvements in their 
own l ine. Both thought they had some­
thing to give the Navy and both 
j oined up. Martin had once been a 
football man and Baker was a tennis 
star ; ' both knew the value of quick 
independent decisions and at the same 
time understood, team play. In their 
Nebraska home town they were told 
they were crazy to go to sea, but 
neither listened. They went to West 
Coast yards and began. 

B AKER specialized in destroyer re-
pairs and eventually sailed with a 

gang of mechanics to Pearl Harbor 
just in time for the Jap onslaught. 
When the Shaw made her place in 
the news by rising from her grave and 
making the run back to the States 
under her own steam, the Japanese 
were puzzled, for they had seen the 
ship's magazine explode, ripping 50 
feet of bow clean out of her. The 
mystery was easily explained. Ensign 
Baker had asked permission to try 
an improvised salvaging operation. 
Getting it, he had hauled the wreck 
into drydock, cut away several hun­
dred tons of mashed plates and beams 
and then calmly welded a mud-scow 
bow over the Shaw's wide-open end. 
It was not a new trick but the time 
record for such a job had never been 
approached before. And time was 
now more valuable than gold. 

There are other men like Baker, 
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Offic i a l  U. S. N avy Photograph 

decided to set it himself. 
And so, about midnight­
moonless, pitch dark, the 
wind whistling through his 
baba coat - he climbed 
aboard the spar and rode 
into the sky at the end of a 
wire rope sling suspended 
from a hammerhead crane 
far overhead. Then for 
three hours he j ockeyed the 
mast up and down, easing it 
into place in the ship by 
signalling the crane opera­
tor above him with a flash­
light. 

Once more a ,  whol e  vessel, the Shaw is a monulllent 
to the spirit that wi l l  eventually emerge victorious 

It was a grim j ob but 
Telford himself was not 
grim ; he was almost blythe. 
All through the night he 
swung in the air, singing, 
and his song carried through 
till dawn. And though Tel­
ford was pretty well frozen, 
pride sent him below to try 
a piece of thin paper be­
tween mast butt and seat 
when the j ob of lowering 
was done. No mast had 
ever fitted before on the 
first try but this one did. 
Lieutenant Telford had 

working at Pearl Harbor on j obs that 
can't be described. Regular Navy and 
Reserve are on duty there together, 
and the hull superintendents are hang­
ing up records as good as or better 
than the Shaw's. 

These Reservists are successful 
largely because so much is expected of 
them. One fellow named Smith, in 
an East Coast yard, makes a sp.ecialty 
of long hours. Twice recently he has 
gone for 36 hours without sleep when 
small patrol boats had to be repaired 
in a hurry to get back to the Atlantic 
submarine hunt. Smith gets home on 
an average of once a month and then 
only for a few hours. He has a cot 
set up in his tiny office and lives 
largely on sandwiches and coffee 
handed him by the crews of the ves-' 
sels he repairs. 

A
NOTHER hull man named Telford 

prefers trick j obs, the less routine 
the better.  The Boss Superintendent 
knows this and gives him every 
mechanical impossibil ity that comes 
along. Telford's high-water mark was 
a vessel with a smashed mast and a lot 
of topside damage that had to be sent 
to sea in three days. It was 24-hour 
work all the way through. He had 
to make and install a new mast, which 
he did in the rigging shop complete. 
It was ready to set on the last night, 
12 hours before sailing time. Telford 

made the measurements for 
it himself and was not in error by a 
thousandth part of an inch. 

Gleeful victories l ike this go on 
day and night in every yard. Word 
came to one hull superintendent named 
Deane that half a dozen "PT -boats" 
were urgently needed "somewhere 
south." Deane revolved the problem 
in his mind and quickly eliminated all 
the orthodox solutions. The PT's were 
too small to make the long trip by 
themselves and too big to be shipped 
by rail. So he decided to load them 
aboard a converted merchantman 
scheduled to leave the yard next morn­
ing. 

Grabbing a ruler he went aboard to 
make measurements. As he expected, 
the 'tween-deck space was too low 
for stowing the boats and nothing 
could be done to improve it. The only 
way out was to dismantle the boats 
and send them south in pieces. Calling 
in the boat manufacturer to give him 
help, Deane quickly stripped them of 
everything - guns, torpedo tubes, 
masts, pilot hous�s. and all. Plywood 
bulkheads were ripped out by main 
force. He knew that others like him­
self could put the l ittle craft together 
again on arrival. 

In the middle of the night-as usual 
-he was ready ; the PT's had been 
trimmed down to fit. Taking a boss rig­
ger up on the ship's fo'c'stle he estab­
lished communication by flashlight 

with the crane operator 160 feet above 
and the PT's began to swing through 
the air toward the cargo hatch. As 
the first one inched down Deane real­
ized that the hatchway wasn't quite 
long enough to let her through. At any 
other time the whole plan would have 
been scrapped as impossible. Figuring 
rapidly, Deane decided to drop the 
boats slantwise, nosing them through 
the hatch and hitching their sterns in 
last. It was a delicate operation in the 
dark but it worked, with a trifle less 
than one inch to spare. The whole 
flotilla was snugged down in the hold 
by morning without scratched paint on 
any one. 

T
HE spirit that sent the pioneers 
across the Plains and drove back 

the frontiers of science in the labora­
tories is sustaining these youngsters 
through their long night vigils and 
daily grinds. What keeps their cour­
age up is their perpetual interest in 
something new. Every repair problem 
is a fresh challenge, prefaced by the 
near conviction that it can't be done. 
What the Navy has done is to let 
loose the native American love for 
invention. These hull , superintendents 
are never held down by routine. Their 
energy is never sapped by long waits 
while red tape unwinds. N or is it 
falsely buoyed by hope of recognition 
or financial reward. They will never 
get medals or newspaper headlines. 
But they will get something else that 
means more to them than all of these 
-the certain knowledge that without 
them many a ship would never again 
meet the enemy. 

For the millions who must remain 
in civil ian life this vital achievement 
of the Naval Reserve is a heartening 
thing indeed. It proves how strong 
are the sinews that lie dormant in a 
nation whose enemies once crowed 
that it was too soft and too slow. For 
the McCantrys and the Muliinses, the 
Deanes and Telfords, the Bakers and 
Smiths are no different from ourselves 
and each of us will be capable, when 
the time comes, of turning in as good 
a performance as theirs. 

• 

.-rr THE foregoing article tells the 'jJ story of only one of the many 
groups of unsung heroes who, just as 
much as the soldier, the sailor, and 
the marine, are doing more than their 
share toward winning the war. The 
stories of others of these groups are 
being ferretted out, and it is hop�d 
that, censorship permitting, more than 
one of them will be published in the 
pages of this magazine .-The Editor. 
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C o ntact Lenses 

With Recent Adva nces in  Techn ique, These Aids to 

Vision Have Become Much More Satisfactory 

A L STO N C A L LA H A N ,  M . D .  
Atlanta, Georgia 

III NVIS IBLE glasses ? Contact lenses ? 
You mean the kind that you put 

underneath your l ids right against the 
eyeball ? Ugh ! I don't think I could 
stand them. Are they safe ? And 
aren't they frightfully expensive ?" 

Many react in such a manner when 
the subject is mentioned, and it is true 
that the aversion to putting something 
into the eye is natural . But here are 
the facts. 

It  is only in the past few years, 
since clear plastics were devised, that 
the safety of contact lenses has been 
entirely beyond dispute. Also, it is 
only in the past few years that their 
construction has been scientifically ac­
curate. Today, there are between 
3000 and 5000 wearers of contact 
lenses. 

Until recent years contact lenses 
were made only in certain sizes. This 
required an exhaustive sitting while 
the user's .  size was selected, necessitat· 
ing insertion and removal of dozens 
of lenses in the attempt to find one hav­
ing the correct fit. The contribution 
which has now made contact lenses far 
more usable was made by T. E. Obrig, 

Without a local anaesthetic dropped 
into the eye it  would be a difficult, 
painful procedure to take a cast of it 

a New York optician, who pioneered 
in making molds of the individual's  
eye, entirely of plastic material, so that 
the fit was as precIse and individual 
as a fingerprint. Obrig's investigation 
of contact lenses showed that the size 
of the cornea varied so much in dif­
ferent persons that it would be next 
to impossible to fit them really ac-

The w'arm wax for making the 
mold is  poured into a l ittle glass 
casting shell,  ready to invert quickly 
over the eye, as in  the picture above 

curately from stock sizes. Therefore, 
each lens must be tailor made. Exact­
ly how this is done is shown in the 
accompanying series of illustrations. 

First, a local anaesthetic is dropped 
into the eye, so that no pain will be 
felt during the casting. 

Next, N egocoll, a hydro-colloidal 
plastic composition somewhat midway 
between a wax and a j elly, and which 
is l iquid when warm but solid when 
cool, is heated to 1 18 degrees, Fahren­
heit, and allowed to cool to 107 de­
grees. It is then poured into a small 
casting shell, and the shell is quickly 
inverted and gently pressed against 
the frGut of the eye as the lids are 
pulled out of the way. 

The N egocoll cools in a few minutes 
to normal body temperature and 
solidifies, whereupon the mold may be 
removed from the eye. 
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The casting shell is  pressed against 
the eye. I n  the photog raph the upper 
eyel id is  over the shell. Some of the 
jelly-wax trickl.es down the cheek 

The casting shell, bearing in the 
wax the perfect imprint of the eye, 
is then placed in some convenient 
holder, and freshly mixed dental stone, 
ordinarily used for making casts of 
teeth for plates, is poured into it. 

This substance hardens to form the 
cast. The fifth picture shows two 
typical castings. The one held in the 
hand shows only the reverse side, 
on which identifying marks are 
scratched, but the separate one shows_ 
an exact duplicate of the front surface 
of an eye. So accurate are these cast­
ings that impressions of small blood 
vessels ca.n be traced. 

I T is from these castings that the con­
tact lenses of clear plastic are made 

to fit the eye. 
The final photograph shows a pair 

of finished contact lenses. It will be 
noticed that the central position of 
each lens bulges out sl ightly. This 
central position . does not come into 
contact with the central , transparent 
part, or cornea, of the eye at all. The 
outer, flanged part, rests only on the 
white part of the eye where it causes 
no pain or disturbance. 

The "power," or strength, is ground 
on the non-contacting central portion 
of the lens, which will be in front of 
the cornea. 

When the lenses are worn, the space 
between the central position and the 
cornea of the' eye is filled with a spe· 
cial buffer solution, dropped into the 
hollow of the lens before it is inserted 
into the eye. Wearers-..even highly 
nervous persons:::c..learn quickly how to 
insert and remove contact lenses, tpe 
initial hesitancy soon giving way to a 
routine, as with tI. dental plate. 

After the first fitting, contact lenses 
are worn for an hour or so. This 
period of time is gradually extended 
as tolerance is developed, until they 
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From the cost just made, which might 
be called a negative, a positive cast" 
duplicating the eye, must now in turn 
be made. Casting shell l ies on table 

are used continuously six, or eight, or 
even 12 hours. It is best to remove 
them every night and re-insert them 
every morning, but one young man, 
who did not read the instructions care­
fully, left his lenses in for two weeks 
without doing any harm to his eyes. 

DESPITE all precautions t'l-ken in mak­
ing the mold, it occasionally hap­

pens that the lens will touch a position 
of the cornea, which eventually would 
cause damage. Formerly, exhaustive 
studies with the microscope were 
necessary in order to rule this out. 
Here came another of Obrig's out­
standing contributions-the use of 
fluorescein. When invisible ultra-violet 
rays are thrown on fluorescein, it 
glows brightly iR the dark, and has 
thus been made use of in producing 
spectacular effects in the theater. Obrig 
filled the space between the lens and 
the eye with fluorescein and turned 
on the ultra-violet radiation. If the 
contact lenses fitted perfectly, the en­
tire central area glowed. If the lens 
touched the cornea in any area, how- , 
ever small, that area remained black, 
for the fluorescein was displaced. By 
grinding off a minute amount of the 
lens, and then retesting with fluo­
rescein, it is possible to continue the 
adjustment until the fit is exact. 

The "physical fit," or the actual fit-. 
ting of the lens, can therefore be 
achieved to perfection, while the "opti­
cal fit," or tbe grinding on the lens 
of the ' correct strength, whether it be 
for cone-shaped cornea, astigmatism, 
near-sightedness, or far-sightedness 
has been done accurately for some 
time. 
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Chief among the few minor prob­
lems yet to be completely solved is 
the matter of the "chemical fit;' for 
a few eyes have difficulty in using 
a standard buffer solution worn regu­
larly between the lens and the cornea. 
But recent investigation in the shift­
ing of the acid-alkali balance has 
pointed out a new approach to this, 
and it is likely that the small fraction 
of people who cannot ,be "chemically" 
fitted will be even further reduced. 
Though the use of this fluid compli­
cates to a slight degree their insertion, 
doctors who prescribe contact lenses 
point out that i t  is because of this 

An exact cast  of each eye. The one 
in  the  hand shows the  bock on which 
identifying marks are scratched. The 
other, lying on the table, is a front 

From the molds just made, the final  
contact lenses are cast in  p lastic and 
finished, each as indiv idual  as a 
fingerprint, are each a precise lit 

that these lenses, or..ce fitted correctly, 
may last easily ten years or longer. 
For the ordinary factors which render 
necessary the changing of ordinary 
glasses every year or so, because of 
altering astigmatism and so on, are 
entirely neutralized by the "fluid lens" 
which naturally fills whatever irregu­
lar space is present. And thus their 
cost, when the period of service is con­
s idered, is not SQ great. 

Fitted contact lenses are still quite 
expensive, as each pair i� as individufl.l 
as fingerprints. Melted down, you 
could buy the plastic used for only a 
few cents ; but so highly technical is 
their fitting. to say nothing of the skill 

required of the manufacturer, that i 
is unlikely that they will soon h 
cheaper. 

Contrary to a widespread belief tha 
contact lenses were designed primaril: 
to satisfy a desire for a more sight!: 
substitute for spectacles, the motiv 
for their development has been to giv 
vision or protection to certain kind 
of abnormal eyes which can be bene 
fitted by no other means , One suc' 
example, showing how a contact len 
gave good vision where there wa 
practically none, is shown in the dra" 
ings. 

The upper drawing shows a norm2 
eye which attains perfect vision b, 
cause the cornea and lens focus tn 
rays of l ight from the obj ect viewe 
onto the retina, from whence it gO€ 
to the brain by way of the optic nervI 

In the middle drawing is  a case ( 
keratoconus, or cone-shaped eye. B! 
cause of the cone shape, the rays ( 
light are not focused-some do ll( 
pass through the pupil and othel 
spread out to the edge of the pupi 
All this eye can see 'is the differenc 
between l ight and dark, and ordinar 
glasses will not help. 

But the contact lens in the low. 
drawing affords normal refraction • 
the l ight rays again. As is show 
it fits against the white part of tl 
eye, but does not touch the clear pa 
( cornea) where it would cause di 
comfort, The intervening space 

1· ·· ··· ·· ·· · · · ·· · · · ·· · · · · · · · ·· · · ·6 
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A normal eye, a n  abnormal eye ( seri­
ous case of keratoconus) , and the 
optical effect of contact lens.s : re­
stored vision in a "hopeless" case 
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filled with the special buffer solution 
regularly worn with the contact lenses. 
Now, since the refractive index of this 
fluid is almost. the ' same as that of 
the fluid within the eye itself, the rays 
of light focused by the contact lens 
pass unchanged by the distorted �ornea 
to the retina as happens in the normal 
eye. 

There is a rather widespread belief 
that contact lenses are a new idea but 
this is by no means the case. They 
represent the culmination of years of 
hard work and investigation by a 
score of scientific men, mast . of whom 
approached the problem from different 
angles and each of whom tpade some 
real contribution to the solution. 

The first scientist to propose and 
record such an idea was the astron­
omer, Sir John Herschel, who sug­
gested in 1827 that a glass shell could 
be devised to fit over the eye to protect 
it from infection by a diseased lid. 
S ixty years later F. E. M�eller, in 
Germany, made one of blown glass 
which . successfully protect�d for sev­
eral years the eye of a patient who 
was unable to close it because of cancer 
of the lid. 

In 1888, A. Fick, also of Germany, 
suggested that , contact lenses be used 
for the condition called keratoconus, 
or cone-shaped cornefl-, . described 
above. For this the Zdss firn;t made 
contact lenses of blown glass. 

PARTICLE  R E M OVlR 

""ooth, M
.
�gnetize,

; 
r.re Loop 

lor Foreign Bod", in Eye 

• • 

A MAGNr��f,NG gla�s i.s· often 'of great · 
assistan«e . iIi 10cating .fOl:.eign bodies . iri . 
the eye, atld such bOd�'; . can ' be con� 
veniently rem6ved by . '  .... . ans 'of a . loop . '  
o f  smooth wire. Thi l ! :  tiro aids in 
particl� .. removal havti ' .  0-* ' been' ' como ' 
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Magllifies'and rellloves 

In 1892 Sulzer ground some contact 
lenses of optical gl<ij'1s. They gave 
good vision but caused discomfort and 
could not be successfully worn. 

In 1909 the Mueller optical firm pro­
duced contact lenses of "glass eye" 
glass but, among other imperfections, 
these contained impurities and had a 
very short life. 'I 

In 1920 Carl Zeiss accurately ground 
and polished contact lenses of chemi­
cally resistan't glass, but only in one 
size . . By continuing their research they 
found that varying sizes could be 
made. Not only could these tte used 
for conical cornea, but also for near­
sightedness, far-sightedness, and astig­
matism. For the first time, contact 
lenses , were brought within reach of 
the average person having , a more 
commonly found type of p.efective 
vision. Many persons were:' ntted with 
these lenses, but to users in the United 
States it meant not only an exhaust­
ing sitting, requiring the insertion of 
dozens of lenses in the attempt to find 
one having the right fit, but also a 
long delay, since tlll.!enses had to 
be shipped back to Germany one or 
more times to have the necessary 
strength ground on the lells. 

And now we have, $� new tjlp¢ of 
all-plastic, individually ' fitte�' tt�nsll and 
other refinements. This is where the 
present story takes over�contact 
lenses made really wearable. 

• 

bined in the Mag-Optin unit shown ' in 
the accompanying drawings, The 11J,ag­
nifyif!,g lens is made of a plastic mate­
rial and is unbreakable. The handle is 
also of plastic, and the wire loop is 
affixed to the end of it. liThe loop itself 
is magnetized so as to assist in the 
removal of magnetic particles from the 
eYl!. Non-magnetic metallic pal,"ticles, 
of , course, are mechanically removed 
by the smooth wire loop. 

SACC HA R I N  

sweetening purposes. Renewed inter­
est in the possible harmful effect of 
�his substance is an apparent corollary. 
Earlier investigations of saccharin, 
however, hJ\'e failed to reveal danger­
ous side-actions except from extremely 
large doses. Likewise the evidence 
does not reveal any reason why sac­
charin cannot be used continuously 
in average sweetening doses for an 
indefinite period. �ap.y patients have 
taken saccharin for years without 
harmful effect." 

IVORY DO M E 

Baldness May Be . Caused by 

Calcification of the Skull  

A , NEW • theory of the cause of bald­
ness has been proposed in The Journal 

of the A merican Medical Association, 

by Dr. Freder�ck'Hoelze1 of Chicago. 
The cranial sut].l.res, or l ittle wavy 
joint cracks of the skull, also other 
skull openings, ma� ' betwme calcified 
al:\d shut off some ·. of the circulation 
to the,· scalp. He de�cribes "observa­
tions which I made while serving as 
technician in gro� anitomy. 

"I then had oq:;asion," he continues, 
"to remove the ' brains �f about 80 
cadavers for seimrate use in the neu­
rology classes and incidentqlly noted 
a seemingly obvious relation between 
the blood ( vessel ) '  supply' to the scalp 
and the quantity of hair. Baldness oc­
curred in persons in whom calcifica­
tion of the skull bones fl.pparently had 
not only firmly knitted the cranial 
sutures but also closed or narrowed 
various small foramens through which 
blood vessels pass, most prominently 
in persons with a luxuriant crop . of 
hair. 

"These blood vessels are mainly 
veins which normally communicate 
with the diploic veins , in the spongy 
tissue of the skull bones but which 
are evidently pinched off by calcifica­
tion of the. foramens. Vario1;1s stages 
of this process of impairing the blood 
circulation of the scalp could be ob­
served. "0 Harm in Ordinary Use of "This, then" not only explains why 

the Super.Sweet Substance baldness occurs but also why men are 

N more likely to become bald than wo-
ow that sugar is rationed, the men, since b�e growth or calcifica­

th9ughts of some have turned to sac- tion is gene��Hy greater in males than 
char in and there are rumors" that in femalQlt; 
sacch�rin is dangerous. While kiIl- "Obviflsly 'hait1Honics' or vitamins 
joy friends are a,lways ready to tell are not lIkely to restore a blood circu­
us that whatever we enjoy is "danger- lat�dn through what has practically 
ous," The Journal of the A�erican . IBecome 'solid ivory;' Moreover, one 
Medical Association is no killjoY 'about wonders whether the pro1l1otion of a 
saccharin. It states editorially ! ,higher calcium intake among adults 

"Sug.ar rationin� and new �RPll.sis may not " eventually increase the in­
?n weIght reductIOn . have <lQ��t!e�� cidence of baldness and the sales of its 
Increased the use of · sacchll'r!n l�!for ' vaunted remedies." 
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Sc ienc e in t he  F o r est  

Modern Forestry Management Takes into Consideration 

All Phases of Wood Growing a nd Uti l ization 

G .  H .  C O L LI N GW O O D  
Chief Forester, American Forest 

Products Industries, I nc. MODERN forestry, plus more . 
scientific utilization of wood, 

are insurin� adequate supplies of this 
vital natural resource for all of Amer­
ica's war needs while maintaining re­
serves for the future. The fact that 
wood is as important to military effort 
as oil, coal, or iron ore makes this 
especially significant. More 
than that, the importance of 
wood is further increasoed 
because its ' principal com­
ponents, l ignin and cellu­
lose, are the basis for 
increasing numbers of "er­
satz" products. 

forever. Many timber owners of the 
United States, well aware of this, are 
engaged in a program of conservation 
and reforestation whose obj ective is 
to guarantee abundant supplies of this 
basic raw material for all time. 

This obj ective can be attained. 
Much has already been accomplished. 
Shortly after the turn of the century 
the then chief forester of the United 
States uttered a prediction concerning 
the future of our timber supply which, 

is not board feet, but in addition to 
fuel-wood, pulpwood, and other prod­
ucts which are adapted to measure­
ment in cubic feet, it includes 32 
billion board feet of saw timber. When 
we entered the war, this new growth, 
or annual crop, was approaching the 
point where it would balance the an­
nual amount commercially con sumed. 
Had the war not intervened, the new 
growth might have equaled or even 
exceeded the annual forest drain from 
all causes by 1945. 

Commercial harvesting of trees does 
not account for the entire amount 
taken from the forests each year, Fire, 
insects, tree diseases, and decay take 
constant toll. Ceaseless war must be 
waged against these fruitless losses 
as part of the forest industries' pro­
gram for forest conservation and silvi­
culture. 

What may not be generally realized 
is the fact that timber is a crop j ust 
as surely as wheat or corn. Conse­

sequently, trees must be, 
protected from fire and such 
"natural enemies" as insects 
and fungi. They should be 
harvested before ripeness 
turns into rot. There is no 
better way to provide for 
new timber crops. 

FORTUNATELY, areas natur-
Sugar, textiles, proteins, 

alcohol, cattle fodder, indus­
trial chemicals, and plastics 
-as well as an endless 
number of other derivatives 
- can be obtained from 
wood. Nazi war production 
is backboned by wood. In 
this country wood contri­
butes to the war effort by 
providing in whole or in 
part approximately 1 100 
items of Army and Navy 
use. These include ships, 
cantonmel'ts, pontoons, gun­
stocks, tools, barracks and 
equipment, explosives, flame­
throwers, gas masks, air­
planes, packing boxes and 
crates, paper products, and 
fabrics. 

To supply these needs our 
Because this stand of trees has been thinned, those remaining 
wi" increase in  g rowth rate. Note low, economical stumps 

ally suited to forest growth 
are abundant, and timber 
stocks are available for our 
needs. One third of the 
Uriited States is covered 
with trees. When the colon­
ists arrived in America, 
there were some 822 million 
acres of forests. During the 
succeeding three centuries 
those forests have yielded 
over seven trillion feet of 
forest products for the build­
ing of the country. Despite 
that use, and excluding the 
acreage cleared to make 
room for cities, towns, and 
farms, we still have 630 
million acres of forest. This 
includes over 460 million 

forest products industries are being 
called upon to produce 38 billion board 
feet of finished lumber this year. I n  
addition, wood is needed for chemical 
distillation, fuel, and paper pulp. This 
is tremendous but not disastrous when 
one bears in mind that timber is a 
growing crop-a replenishable natural 
resource. 

Fortunately, trees are living or­
ganisms wholie growth and natural 
capacity for reproduction may be ac­
celerated by careful management. 
Trees will die, but a forest may live 
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had it come true, would have proved 
dire indeed. "We have all but reached 
the end of these forests," he said. "We 
have reached the point where the 
growth of our forests is but one-third 
of the aimual cut, while we have in 
store timber enough for only 20 or 30 
years at our present rate of use." On 
the basis of such premises, he prophe­
sie!'d an inevit'ibh� "timber famine" 
which would affe�t 'every 'individual . 

Aft.er more than 30' years, our an-· 
nu"a:l 'new . growth of timber amounts 
to ! �)'ver deven, billion cubic feet. This 

acres classed as commercial forest, of 
which nearly a quarter is virgin tim­
ber. The term "virgin" applies to 
timber so old that it antedates the 
memory of man so that much of it 
has long since reached maturity and 
needs to be harvested to be saved. 

America is now, and has been for 
20 years, in a period of forest transi­
tion. No longer is it necessary to clear 
land for additional agricultural pro­
duction. The present forest area of 
the United States is generally recog­
nized as serving its maximum use if it 
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continues to grow trees. This realiza· 
tion heralds a new era in which timber 
is being harvested as a crop, rather 
than "mined" after the destructive 
fashion of pioneer days. 

Forestry is based on the established 
fact that trees are l iving plants whose 
reproduction, growth, and develop­
ment may be encouraged by the appli­
cation of relatively simple rules. 
Where possible, forests are harvested 
in ways to assure recurring crops of 
new trees. Where clear-cutting is nec­
essary, this can be done by leaving 
seed-trees. Individual windfirm trees 
with full crowns may be left at fre­
quent intervals across the cut-over 
area, or groups of trees, capable of 
protecting one another while produc­
ing seed, may be left along water 
courses, on ridges, or in strips. Where 
practicable, selective cutting keeps the 
forest continually productive, at the 
same time avoiding abrupt changes. 
Forestry also calls for effective pro­
tection of the growing trees from forest 
fires, continuous warfare against insect 
pests and tree diseases, and effective 
use of as much of the wood as possible. 

Baling tree seedl ings at  a n ursery. The forest industries of the Pacific Northwest a lone 
are reported t.o have planted some 60 mill ion seedlings during the past 1 0  years 

M OST of the badly deforested areas 
are the result of repeated fires 

which destroyed the natural sources of 
tree seed. Only by extensive seeding 
or, preferably, by planting small trees 
can these lands be brought back to 
productive forests . This calIs for the 
maintenance of tree nurseries where 
seedlings or transplants can be grown 
preparatory to planting them on the 
fire-scarred stretches. 

One representative example of an 
industry-operated nursery is the "tree 
factory" at Nisqually, Washington, 
where 25 million seedlings are being 
produced to reforest burned-over areas. 
Here are employed the latest scientific 
developments, including treatment of 
the soil with tear gas to kill weeds, 
selection of the seeds according to the 
location of their parents in order to · 
select seedlings best suited for various 
soil sites and elevations, and a tough­
ening treatment for the tender seed­
lings to build up their resistance and 

Tear gas, introduced into the soil with this specially devised tractor-drawn p low and 
roller, is  being used in  continuing experiments to ki l l  weeds at the N isqually N ursery 
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ability to survive after they are trans­
planted and "on their own. "  More than 
$500,000 is being spent on this nursery 
to supply seedlings with which to 
restore the forest on thousands , of 
acres in Washington and Oregon. The 
Nisqually Nursery proj ect represents 
real progress toward the goal of the 
forest industries-to keep the forest­
lands continuously producing crops of 
trees. In the Pacific Northwest alone 
the forest industries have planted 60 
million seedlings in the last ten years . 

Admittedly, planting is only feasi­
ble as a means of correcting mistakes 
or repairing disasters. It is neither 
practical nor economical to rely on 
artificial propagation alone to main­
tain forest growth and insure continu­
ous yields of timber. This can best be 
accomplished by working with nature 
to assure seed sources, to keep to a 
minimum the ravages of fire and dis­
ease, and t6 apply the principles of 
tree growth. Scientific forestry, there­
fore, comes into the picture at the very 
source, out in the woods where the 
fallers and buckers are operating. 

RULES . fO.r conservat!ve cuttin� vary 
accordmg to the kmds and sizes of 

trees being harvested, the locality, and 
a variety of other conditions. Where 
trees of differing ages grow together, 
and especially where the forest con­
sists of several kinds of trees, with 
young and old together, the generally 
accepted practice is to cut selectively. 
This term is applied to an operation 
where only trees over a certain mini­
mum diameter, together with those 
which are defective, are harvested. 
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continuous forest growth is 
relatively new in this coun­
try. So also are the efforts 
of the states, the federal 
government, and the tim­
berland owners to protect 
all forest growth from fire. 
Many timbermen in the 
East and South, however, 
are harvesting third- and 
fourth·growth timber, whose 
each successive crop is the 
progeny of seed trees left 
from earlier cuts . 

By a special treatment process it is possible to bend 
and " twist certa in  woods . to such shapes as '.' 
these, shapes tHat wi l l  be permanently maintained 

The expanding program 
of forest management for 
continuous growth has been 
popularly called "tree farm­
ing." Its practice includes 
larger industrial operators as 
well as many thousand for­
ward-looking owners of farm 
woodlots. Of the nation's 
corrimercial forest area, 39 

The smaller trees are left 
to make further growth and 
to provide seed for restock· 
ing the openings. Stands of 
trees that are growing too 
thickly may be thinned to 
hasten the growth of those 
that are left. Selective cut­
ting is also adapted to stands 
which are used for . more 
than one purpose, as in the 
South, where one operation 
may yield sawlogs, turpen­
tine, plywood, and ftiel. 

Some kinds of trees de­
mand direct sunlight in 
early youth, and languish in 
the shade, Accordingly, they 
often develop large areas of 
one-age forests . This is par­
ticularly true of Douglas fir 
in the Northwest where of­
ten most of the trees in a 
given stand are about the 
same age and, generally 
speaking, the same size. It 
may be advisable to clear­

;cut these stands and leave 

In this plywood testing machine, spec imens are 
pu l led apart t

'
o show relative strengths of the. wood 

and g lue. The wood must rupture before the g lue 

clumps or, strips of firm-rooted, large­
crowned mature trees to reseed the 
cut-over area. Under such conditions 
the seed trees may be the sources 
of fertile seed to cover the surround­
ing land for several hundred yards . 
After the area is fully stocked with 
young trees, the old seed trees may be, 
and often are, harvested. 

Regardless of the difference in op­
erations, forestry a ims to perpetuate 
the forest. At the same time, it must 
be accompanied by continuous efforts 
to protect the young, growing forest 
from fire. 

Definitely planned cutting to assure 

percent is held in industrially produc­
tive private ownership, 21 percent is in 
National Forest reserves or other 
forms of public ownership, and 40 
percent is in , farm woodlots. The 
Pacific Northwest holds nearly half 
the virgin saw-timber stand, all of 
which is under protection, and an 
increasing proportion is classed as 
managed "tree farms." 

S ince young and middle-aged trees 
grow most rapidly, managed cutting 
increases the efficiency of forest-land. 
In general, trees should be harvested 
when they reach I an age when their 
annual growth begins to taper off. 

S ince every tree in the forests of this 
country keeps its g rowth record in 
so-called "annual rings" within its 
trunk, it is possible to sample a few 
trees in any stand to determine when 
to harvest for maximum timber yield. 
In some cases the greatest annual 
yield is realized when relatively young, 
immature trees are cut. This is true 
of Southern pine grown for pulpwood. 
These trees make excellent pulp, but 
most of the product of Southern mills 
is Kraft, or heavy wrapping paper, 
which need not be white. This is an 
advantage, since the high resin con­
tent of Southern pine makes bleaching 
expensive. Under careful forest man­
agement Southern pines grow to a 
diameter of eight inches , in seven 
years, which, although admrttedly ex­
ceptional, can provide 14 or 15 full 
crops of pulpwood in a century. Under 
management and protection from fire 
300 square miles of Southern pine 
forest can keep a 500·ton-a-day paper 
mill in operation forever. As against 
tHis, 2000 square miles of Northern 
spruce forest, not under intensive for­
est management, may be needed to do 
the same. 

WHERE forest stands have been se-
lectively thinned so that individual 

trees may receive plenty of light, 
second-growth pine on Southern "tree 
farms" are not uncommonly big ,enough 
for turpentining in 15 years. In fast­
growing sections small sawlogs may 
be ready for harvest in 20 to 30 years, 
and whole forest areas under manage­
ment frequently grow 300 to 400 board 
feet per acr� per year. 

The blanket on the floor, the handful 
of "wool," the hat, are wood products 
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The great stands of old, untouched 
timber still in the Pacific Northwest 
are alone sufficient to supply all the 
country's lumber needs for many years, 
were no new trees to grow. As the 
old trees are harvested, the new growth 
can meet all of the newsprint demands 
of the entire country year after year. 
This is especially true where hem­
lock, once looked on as a "forest weed," 
is now used for pulpwood, and where 
the larger logs are in demand for air­
plane stock. New forest crops in this 
region are ready to harvest in 70 
years or less. 

Fire is the greatest single obstacle 
to forest growth. Young trees are most 
vulnerable to fire damage ; older trees 
are protected to some degree by 
thicker, more resistant bark, and be­
cause the more inflammable foliage is 
higher from the ground. Destruction 
of young growth and seed sources 
renders denuded forestland incapable 
of unaided recovery. More than that, 
fire destroys much of the fertile soil 
humus, making difficult the establish­
ment of "tree plantations." Most forest 
fires are caused by man, either from 
incendiary motives or because of care-

• 

lessness by smokers, campers, hunters, 
fishermen, and picnickers. To offset 
this, workers in the woods are almost 
extravagantly careful of fire. Some 
might think the adjective ill-chosen, 
but woodsmen and foresters know that 
no extravagance is more unforgivable 
than a blaze that sweeps through the 
woods. 

Together with insects and tree dis­
eases, fire accounts for 15 percent of 
the annual use and loss of forest prod­
ucts, the other 85 percent being con­
sumed by man. If th€ first three of 
these factors could be controlled, new 
tree growth would soon balance the 
needs of industry and home uses, des­
pite the tremendous demands of the 
war. 

Constructive cutting practices, there­
fore, protect seed sources and provide 
thorough-going fire protection, while 
unproductive and burned·over areas 
are restocked with nursery-grown 
seedlings. These, together with effec­
tive utilization of all harvested trees, 
are the basis of the "tree-farming" 
program which is :hc forest industries' 
assurance that American industry will 
not lack wood. 

• • 

H ow ' s  T h e  Wea t h e r ? 

Odd Weather Predictors, Some of Which Can be Shown 

to Have little-Known Scientific Backgrounds 

MANY "signs" have been used by 
humans to foretell atmospheric 

conditions. Although a number of 
these have l ittle or no value, others 
may be the basis of reasonably 
accurate predictions. The following 
are random selections of nature's odd 
weather gages. 

Previous injuries are often used as 
storm indicators. How often have we 
heard statements l ike the following : 
"Well, I believe it will rain. That 
lame foot of mine is aching." 

Such previous injuries may give 
more trouble before or during the be­
ginning of the storm. While prophecies 
based upon such pathological condi­
tions are not always reliable, their ac­
curacy is far greater than that of the 
average curbstone predictor. 

There is scientific background for 
such forecasting. The healing of in­
j uries is not as perfect as we may sup­
Courtesy "Taylor-Rochester/' 

pose. The tissues, the capillaries, and 
possibly the nerves heal unevenly. 
Since the circulatior. system is sensi­
tive to air density, the capillaries may 
become sufficiently distended during 
low pressures to cause pain in varying 
degrees. In other words, the former 
wound acts as an indicator for low 
pressure much' as a barometer does, 
although less perfectly. As a low 
barometer indicates an oncoming 
storm, so does the former injury. 

Other ailments : People with rheuma­
tism, arthritis, or other ailments can 
also predict storms for similar rea­
sons. Neurotic people and those with 
poor hearts are often sensitive enough 
to prophesy atmospheric conditions. 
More often, people's dispositions are 
enough impaired during lows so that 
others may use them for living bar­
ometers. Sleep of otherwise normal 
humans is interfered with during 
periods of lowered pressure. 
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This condition must not be confused 
with that of people who go to higher 
altitudes. The atmospheric density 
becomes less as one goes upward, but 
the aches and pains one feels during 
steep climbs by train or auto have 
nothing whatsoever to do with the 
weather conditions. 

People who are sensitive to changes 
in atmospheric pressure' often go to a 
doctor unnecessarily. The conditions 
which cause their discomfort are harm­
less and temporary. If such persons 
possessed a barometer and watched it 
carefully, they would be able to tell 
the serious symptoms from those due 
to lessened air densities. A micro-

. barograph would be ideal, but an ordi­
nary aneroid barometer would also be 
quite satisfactory. WIND caves have the peculiar qual­

ity of acting as natural barome­
ters. Caves with enormous capacity 
may have limited exits to the atmos­
phere. During high pressure the at­
mosphere will be forced into such 
caves. During lowered or lessened 
"outdoor" densities the accumulated air 
will blow out of the vents. Wind Cave 
of the Black Hills is such a cave, but 
there are others, l ike the Medicine 
Hole of the North Dakota Killdeer 
Mountains, which acts in much the 
same manner. Although less accurate 
than a barometer, due to suction of 
winds and perhaps other causes, the 
movements of air currents in caves are 
quite useful as weather indicators. 

Wells and Springs : In late medieval 
times in Italy there were some wells 
which acted queerly. On most days 
they would produce water by pumping, 
but it was observed that on days pre­
ceding a storm they would not. The 
failure to yield water was used as a 
storm predictor by some. Others at­
tributed magical properties to such a 
knowing fluid and either shunned or 
sought ( depending on the temperament 
of the individual ) the liquid because 
of its supposed supernatural proper­
ties. 

However, the scientific explanation 
is the simple one. The valves of the 
pumps used at that time were often 
considerably above water. It would 
be hardly possible for pumps to operate 
30 feet above the level of the l iquid 
under the best conditions, and almost 
impossible under usual conditions, yet 
excessive pumping frequently lowered 
the well to this critical stage. During 
the low barometer such pumps tended 
to protect the well against excessive 
depletion. The well, therefore, pre­
dicted weather about as efficiently as 
a crude barometer. 

Springs and wells sometimes become 
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"milky" or cloudy before storms. In 
many instances these are used as local 
weather forecasters. This seemingly 
peculiar phenomenon also can be ex­
plained scientifically. All flows from 
underground sources dissolve some 
gas. Under heavy pressure more gas 
is  dissolved than under low pressure. 
If the air density is high, gas does not 
flow or form easily on coming to the 
surface. If the pressure is low, how­
ever, enough tiny bubbles will form to 
give the water a temporary milky ap­
pearance. Often the particles of re­
leased gas will bring into the spring 
or well the sediments deposited during 
other periods . These may remain sus­
pended and give the liquid a murky 
or milky appearance. Also the flow 
may be increased a little during such 
periods . The spring is therefore like 
a very crude barometer and, as such, 
can be used for forecasting purposes.  

Moisture phenomena are often used 
for amateur forecasting. Hazy air gives 
evidence of the abundance of water 
vapor. As such, it may be a crude in­
dicator of raip, and because aqueous 
gas is lighter than air, it is a crude 
gage of barometric pressure. The 
"ring" or "rings" around the moon, 
the halos, coronas, and similar phe­
nomena likewise predict rain. 

Human hair is sensitive to atmos­
pheric moisture. Naturally curly hair 
becomes more curly when the air is 

F LO AT I N G  G LASS 

Made By New Process, Has 

Many Potential Uses 

• • 

A NEW type of opaque glass that 
floats like cork and can be used as the 
buoyant element in the construction 
of l ife boats, life .rafts, life preservers, 
and pontoon bridge supports has been 
developed by the Pittsburgh Corning 
Corporation. The new product, called 
Foamglas, also has valuable insulating 
qualities. It has a weight of only ten 
pounds per cubic foot-one fifteenth 
that of ordinary glass-and is odorless, 
fireproof, and vermin proof. 

It is now under active investigation 
by certain Federal government agen­
cies as an alternate material for such 
critical products as cork, balsa wood, 
cellular rubber, and kapok, which are 
largely importe<;l.. Foamglas does not 
resemble any form of glflss heretofore 
manufactured. It is extremely light in 
weight, opaque, rigid, and has a cellu­
lar structure containing a myriad of 
tiny air-tight cells which give it buoy­
ancy and insulating properties. 

It can be sawed or drilled with ordi­
nary tools .  Because of its closed-cell 
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damp. Artificially fashioned hair, even 
the press of one's woolen trousers, 
tends to go back to the natural state 
under such hygroscopic conditions . 
Scientists have recognized the sig­
nificance of this truth in constructing 
one of the water-vapor testing instru­
ments, the hair hygrometer. 

Landscape features are popular as 
weather guides. If a mountain or butte 
to the west becomes unusually hazy 
or is obscured by a certain type of 
cloud, a storm will soon be upon us. 
But this is because weather in our 
latitude usually travels . from the west 
and we are merely observing it in 
advance. Pikes Peak of Colorado and 
Crow Peak of the Northern Black 
Hills · are examples of this type of 
indicators. 

Rainbows in the west also fortell 
an oncoming rain. But they always 
occur in the early morning, on rain 
which is already falling a short dis­
tance to the west and which in all 
probability soon will reach us. 

The foregoing indicators are of 
considerable scientific interest. In no 
case, however, are they as reliable ' as 
the devices used by the weather fore­
casters .  If one lives in an area where 
such phenomena cannot be convenient­
ly observed, it is some satisfaction to 
know that good instruments, intelli­
gently used, are much better than 
nature's weather gages. 

• 

structure it will not absorb water and 
it will float indefinitely. It is available 
in slabs 12 inches by 18 inches and in 
thicknesses of 2 inches, 3 inches, 40 
inches, and 6 inches. 

Foamglas is produced by firing ordi­
nary glass which has been mixed with 
a small quantity of pure carbon. At 
the proper temperature the glass 
softens and the carbon turns into a 
gas which then acts upon the molten 
glass very much as baking powder or 
yeast behaves when bread is baked. By 
·proper selection of the glass batch, the 
type of carbon, and by exact control 
over the time and temperature used, 
it is possible to obtain rigid vitreous 
slabs of Foamglas in which the cells 
are uniformly small in size and entirely 
sealed one from another. 

S U N  F A L L  

Measured b y  Use of 

New Electron Tubes 

S ENSITIVE new electronic "eyes" 
developed by Westinghouse engineers 
to see and record invisible ultra-violet 
rays in sunshine will be used to make 
daily measurements of "sunfall "  in the 

United States to study its effect on the 
wartime health of the nation. The new 
sun-measuring instruments eventually 
will operate in 20 of the world's first 
solar observation posts to be set up for 
a nationwide ultra-violet study by the 
United States Weather Bureau. · By 
recording the amount of ultra-violet 
which penetrates through the haze of 
big metropolitan centers, Weather 

Measures sun tan rays 

Bureau officials believe that it may 
eventually be possible to forecast for 
several days in advance the intensity 
of sunfall over a city. 

Development of new electronic light 
cells in the meters will make sunfall 
measurements as accurate and uniform 
as the familiar rainfall statistics now 
issued by the Wea ther Bureau, accord­
ing to Dr.  H. C. Rentschler, Director 
of the Westinghouse lamp research 
laboratories. 

"Many of the effects of the sun's 
invisible ultra-violet rays on human 
health are still a scientific riddle to re­
search men, mainly because of a need 
for uniform and dependable instru­
ments to measure solar radiations," 
Dr. Rentschler explained. "Electronics 
research has now produ�ed a tool that 
will make it possible to meter and 
standardize a unit of sunlight just as 
accurately as a watt of electricity or 
gallon of fluid. 

"Sun statistics taken from various 
climate zones and compared with the 
health statistics of those zones will be 
one way in which research men can 
study the effect of ultra-violet on 
humans. Such studies could be aimed 
at determining what preventive or 
curative effect, if any, sunlight has on 
such diseases as tuberculosis and 
rickets and the relationship between 
liberal exposure to ultra-violet and 
general health," Dr. Rentschler said. 

In appearance, the ultra-violet sun 
meter resembles a long, oversized 
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The black powder of the American 
Revolution could lob a cannon ball 
about a mile. At the time of the First 
World War the normal heavy artillery 
range, with smokeless powder, was 
about twenty miles. 

For this war, chemical research de­
veloped a 'propellant that has a range 
of hundreds - even thousands - of 
miles. Already it has carried four­
thousand- pound projectiles from 
somewhere in England straight to the 
heart of German industry. It has 
dropped destruction on a Japanese 
fleet that was nearly a thousand miles 
from our outposts. From "Shangri 
La" it sent all Tokio scurrying for 
cover. 

The new "gunpowder," which has 
changed the whole strategy of war, 
is high-octane gasoline. 

I,· g On a 
Me' s wor"ln 

d " that 
"guntl0w er 

wi" shoot over a 

i\es 
thousand '" 

In modern aerial war the bomb is the 
shell, the airplane is the cannon and 
high-octane aviation fuel is the pro­
pelling charge. The side which has the 
best aviation fuel-the one which 
gives the most power, the greatest 
range per gallon - enjoys an advan­
tage of tremendous value. 

Fortunately for the United Na­
tions, the development of high-octane 
gasoline was a triumph of the Ameri­
can petroleum industry. Long before 
Pearl Harbor, U. S. petroleum chem'" 
ists were seeking and finding new and 
better components for aviation fuels 
-iso-octane, Ethyl fluid and many 
others-developing processes and fa.,. 
cilities for producing these aids to 
high-octane quality in volume. They 
advanced the art of refining petrole­
um from a simple distilling and ' crack-

ing process to a science of synthesiz­
ing special chemicals-then blended 
these chemicals into fuels of prede.­
termined characteristics and quality. 
Since Ethyl fluid plays an important 
part in the manufactur�of high-octane 
fuels, Ethyl research engineers have 
cooperated with petroleum technolo­
gists in their search for better fuels. 
And because fuels and engines are in­
separably related in their develop­
ment, we work with engine designers 
in their efforts to get the most from 
these superior fuels. Today it is our 
privilege to furnish our 
product and devote our 
technical experience to the 
cause of American victory. "'��=�'l 

ETHYL CORPORATION 
Chrysler Building, New York City 

Manufacturers of Ethyl fluid, used by oil refiners to im­
prove antiknock quality of aviation and motor gasoline&. 
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radio tube. At the upper end of the 
instrument is a flat metal button about 
the size of a half dollar and surrounded 
by a circular wire electrode. The metal 
in its refined state is sensitive only to 
that portion of the ultra-violet in sun­
light which produces sunburn. The 
sun's rays, striking the surface of the 
disk is a nearly perfect vacuum, cause 
the metal to release a stream of photo­
electrons which travel to the electrode. 
This current is so small that it must 
be expressed in millionths of watts, or 
microwatts. 

From the electrode, photoelectrons 
pass to a tiny condenser, actually an 
"electronic bucket" which stores up 
the energy over a period of seconds 
and then releases it in a single charge 
across an electrical circuit in the tube. 
Each time the condenser discharges its 
quota of photoelectrons, a sensitive 
relay "trigger" registers a sharp click 
which reveals that a known quantity 
of ultra-violet is reaching the earth. 
The number and frequency of clicks 
provide research men with the total 
quantity for any given period of time. 

• • • 

ENGLISH RAT I ON ING-I n England during 
the first three months of the war 1 ,000,-

000 cars were laid up due to rationing of 
!asoline, the increased price of gasoline and 
tires, and the greatly increased taxation. 
The sales in Ju ly 1 940 were only one-quarter 
of those in 1 938, and purchase of new cars 
was thereafter forbidden. 

• • 

G LASS CAM O U F LAGE 

Fibers Employed As 

C8vering for Nets 

• 

GLASS, ordinarily thought of as a sub­
stance used to reveal rather than con­
ceal, today is helping to conceal 
America's vital war plants against the 
day when they may become the target 
of enemy bombers. 

Because they are light in weight, 
don't decay, are unaffected by fresh or 
salt water, and will not burn, fine, flexof' 
ible glass fibers thinner than a hum�' 
hair are being used as the coverirtg, 
or garnish, for the metal-mesh camou­
flage nets which are employed to hide 
strategic war production plants and 
other possible bombing objectives from 
enemy raiders. I 

The · glass fibers, manufactu�ed by 
Owens7C,prning Fiberglas Corpora­
tion, are'· spread over chicken liwire and 
painted with designs that bleuc;l with 
the · surrounding terrain, whether it be 
cultivated fields and orchards, or the 
ho�ses and gardens of a ·  village or 
suburb. 

The fi))ers can be painted as often 
as necessary to keep . the camouflage 

276 

design in harmony with seasonal 
changes in the appearance of the sur­
rounding countryside. Since the com­
bination of metal and glass is incom­
bustible, the nets cannot be destroyed 
by incendiary bombs. 

• • • 

JELLY-Even though the pectin makes jelly 
jell, it is impossible to p roduce jelly with­

out sugar. Pectin Gnd fruit ju ices alone 
won't do it. Sugor un ites the two and is the 
vehicle which carries flavor. 

• 

WOO D E N  T I R ES 

Being Used on Ship. 

Yard Trailers 

• • 

TWELVE blocks of hard maple per 
wheel, soaked in l inseed oil for 24 
hours and fitted as shown in two of 
our ilIu5trations, are being used on 
tractor-drawn trailers in a shipyard 

Two views of the method of a pplying 
a new wooden tire for trailer use 

of the Federal Shipbuilding and_.Dry 
Dock COlUpatly. 111ese trailers spend 
most of their time moving 20-ton ship 
propellers, although it is reported that 
the wooden-tired wheels will stand up 
satisfactorily under a load of 50 tons. 

The rubber tires that were replaced 

by these wooden blocks weighed 100 
pounds each. T t is stated by the ship­
building .company that the wooden re­
placements are good for from one to 
two years and probably even longer 
if the blocks are thoroughly boiled in 
paraffine before assembly . 

N EW P O LA R I Z E R  

Made From Materials 

Available in  this Country 

POLARIZATION is one of the present­
day fields where research and produc� 
tion -stimulation, together with . shor­
tages of raw materials, have put the 
pressure on scientists and engineers 
to develop substitute materials which 
have proved to be more suitable than 
the products hitherto supplied. Before 
the war, polarizing materials manu­
factured depended on alkaloids such as 
quinine for the basic raw material 
which, when combined with iodine 
and other chemicals, produced a crys­
tal of strong polarizing properties . 
But the shortage of imported quinine 
and cinchonidine has become acute . 

Hence Alvin M. Marks, research 
engineer, well known for his inven­
tions in the polarizing field, in col­
laboration with his brother, Mortimer 
Marks, was stimulated to perfect a 
new continuous crystalline plastic po­
larizing film which is made from 
readily · available raw materials pro­
duced wholly in the United States . 
This new polarizer is available as a 
film or as laminated glass, and the de­
velopment assures the United States 
a source of supply of this vital product 
which is an essential part of our war 
machine. 

Today polarizing material is used 
in gunsights, range finders, binocu­
lars, telescopes, and s ighting devices 
in general, either as a variable light 
control or to remove glare. Other uses 
are for blackout protection, naviga­
tional instruments, scientific instru­
ments, non-glare goggles and eye­
glasses, polarized illumination to pro­
duce non-glare l ighting, photography 
and television, polariscopes, three di­
mensional movies or still pictures, and 
so on. 

X·RAY 

Machine Gives Radiations 

More Penetrating than Radium 

DEVELOPMENT of a direct current X­
ray generator operating at a potential 
of more than 4,000,000 volts makes 
possible for the first time production 
of radiation which is more penetratin 
than the gamma rays of radium and 
which has an intensity gre�er than 
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Wanted : M O R E  E X E CUTIVE S ! 
To help win the war! . . . and the peace to follow! 
Every great crisis produces new leaders. This war is 
no exception. It has created as great a crisis for busi­
ness as for our nation, and new leaders are rising to 
the top every day. 

Right now, companies are searching high and low 
for men of executive ability and training to manage 
the different departments in new and expanded plants. 
The war and its demands for production, and more 
production, has thinned the ranks of executives to the 
danger point. The country needs men of executive 
ability just as it needs production workers and men 
for the armed forces. 
, Where will it find them? Ordinarily there wpuld be 

enough "officer material" right in the ranks . 1  • •  men 
who had been learning by experience, slowly but 
steadily advancing in the companie,s which enh>loyed 
them. That is one wa� of �oing it-:-the hard 'i

.
, ay, the 

slow way. But now time IS presslOg. Such #len are 
needed not two years from now, but todaY: and to-

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

How can they do that? Through the Alexandtjll 
Hamilton Institute's intensive Course of Executiv1e 
Training. 

This executive training, which is described in a book 
called "FORGING AHEAD IN BUSINESS," can h¢lp 
you to accomplish in months what' would otherWise 
take years-if you could get it at all. It is valuable to 
men in different lines of business because it covers::the 
fundamentals of alt business-production, marketing, 
finance and accounting. It is equally effective for the 
college graduate or the business man who only finiShed 
:grammar school. 

More than 400,000 men have enrolled for this train-
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ing and every day reports come in of their promotions, 
salary increases, new and better positions. Many of 
these men have become so famous that you will recog-

nize their names instantly when you see them in this 
booklet. 

Send for "FO R G I N G AHEAD I N  B U S I N E S S" 
The facts about this executive training are given in the 
book "FORGING AHEAD IN BUSINESS." This 64-
page book has inspired thousands of men. Many say 
it started them on the road to real business success. 

A word of warning. If you are not interested in 
executive training, don't send for this book. But if you 
are interested in this way to better your position and 
increase your earning power, then we want you to 
have a copy of "FORGING AHEAD IN ' BUSINESS' 
with our compliments. Simply fill in and mail the cou· 
pon, and the book will reach you by return mail. 
r - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

S E N D  F O R  T H I S  FA M O U S  B O O K  T O D Al 

ALEXANDER HAMILTON INSTITUTE, . INC. 
7 3  West 2 3rd Street, New York, N. Y. 
Please mail me without cost a copy 0 
the 64-page book- "FORGING AHEAI 
IN BUSINESS." 

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

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

Position . . . . . . . . . . • • • . . . • • • . • . . . . • . . . . . . . . • . . . . . . . • . . .  

Home Address • . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • • • . . . . .  
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that of the entire available world sup­
ply of radium. The new generator 
was announced in a paper presented 
by Dr. John G. Trump, its designer, 
and R. W. Cloud who described con­
struction of the apparatus, while a 
paper by Dr. Richard Dresser of Bos­
ton . reported the preliminary clinical 
observations on the use of these high 
voltage X-rays . The papers were pre­
sented at a meeting of the American 
Roentgen Ray Society. 

The new generator, developed at the 
Massachusetts Institute of Technology, 
the design of which is based on the Van 
de Graaff type of electrostatic high­
voltage machine, consists of a dome­
shaped high-voltage terminal about 
two feet in diameter supported on a 
column of alternate insulating and 
metallic spacers. A single insulating 
belt 12 inches wide travels at high 
speed within the column and trans­
fers an electrical charge continuously 
between the ground and the terminal. 
This assembly is mounted within a 
sealed metal pressure tank in order 
that by compression of a mixture of 
air and Freon gas the electrically 
charged belt, terminal, and column 
may be insulated. This tank is four 
and one half feet in diameter and 1 3  
feet high. 

In operation, a negative electric 
charge is sprayed on the insulating 
belt at its lower end and carried up 
into the high-voltage terminal, which 
thus acquires a negative electrical pres­
sure in direct proportion to the stored 
electrical charge. The voltage may 
be adjusted from a few hundred 
thousand volts to the maximum of 
more than four million volts by con­
trolling the current sprayed on the 
charge-conveyor belt. The X-ray tube 
is fixed vertically within the genera­
tor column. A metal extension of the 
tube passes out through the bottom of 
the tank and terminates in a water­
cooled gold target surrounded by lead 
shielding and provided with beam-de­
fining portals and shutter. The tube 
consists vf 1 00 glass rings between 
each of which is placed a metallic ac­
celerating and focusing electrode con­
nected to the generator column. The 
electrons for producing X-rays by 
bombardment of the gold target origi­
nate at the tungsten filament in the 
high-voltage terminal end of the tube 
and are progressively accelerated and 
focused as they are propelled down 
the tube at the gold target. 

In describing the clinical uses of 
the highly penetrating radiation of the 
new generator, Dr. Dresser reported 
that the rays have essentially the same 
physical properties as the gamma rays 
of radium, but that their high inten­
sity permits long treatment distances 

278 

with the result that the depth dose is 
much greater than it has been possible 
to obtain in radium therapy. 

Treatment with the high-voltage 
deeply penetrating X-rays produces 
no visible skin reaction. The first X­
ray generator of the type j ust de­
scribed was developed in 1937 to oper­
ate at a . potential of 1 ,000,000 volts. 
A second and more compact unit op­
erating at 1 ,2'50,000 volts was built 

D.C. generator and its pressure tank  

in 1940 for the Massachusetts General 
Hospital where it is in operation. The 
latest unit, still more compact than 
any of its predecessors, is operating 
in a special laboratory at the Massa­
chusetts Institute of Technology, 
where therapeutic investigations with 
3,000,000 'volt rays are made under 
the direction of Dr. Dresser. In view 
of the fact that clinical experimenta­
tion at high-voltages is still in a pre­
liminary stage, Dr. Dresser made no 
report on the therapeutic effects of . the 
radiation. 

N EW R U B B E R  

Ready t o  b e  Put to 

Work When Needed 

A NEW and purer form of natural 
rubber was described in a paper de­
livered by Dr. John McGavack of 
United States Rubber Company at a 
recent meeting of American Chemical 
Society. The new rubber is called 
USF-rubber and is a new crude of im­
proved properties, according to Dr. 
McGavack. It was designed to satis­
fy the demands expressed by the con­
sumers of the crude rubber. Its points 
of superiority include a greater uni­
formity for easier processing ; softness, 
requiring · less power in milling ; 
greater resistance to flex-cracking ; 
good color ; and cleanliness and purity 
of a high order. 

The process for preparing the new 

USF-rubber has three main steps : 
First, dirt is removed from the pre­
served latex by a sedimentation 
method. The latex is then blended in 
large storage tanks to obtain and 
maintain a uniform quality of latex 
with a definite proportion of total 
solids. Finally, the rubber content of 
the latex is flocculated in small par­
ticles by a new technique instead of 
being coagulated by acid in a larger 
mass. In the flocculated form the rub­
ber particles are themselves purer and 
may more easily be washed free of 
soluble impurities . 

"It is unfortunate that this develop­
ment which required so many years 
of research cannot immediately be put 
at the disposal of American industry," 
Dr. McGavack stated. "However, we 
now have the process and are ready to 
put it to work wherever needed, in 
plantations of the west now and later 
ih the plantations of the far east when 
they have been recovered." 

M I L I T A R Y  MOVIES  

Now Being Made With 

Finest Equipment 

T IJ: E  Air Corps movie-makers "are 
there with their cameras" at every 
important maneuver, and they co­
operate with the newsreel cameramen 
in making Army aerial subjects . They 
also co-operate with maj or production 
companies in Hollywood, in technical 
advice on military subj ects . 

The big fireproof film l ibrary at 
W rigltt Field contains motion-picture 
records of Air Corps maneuvers and 
special events dating back to remark­
ably clear, if somewhat j erky, motion 
pictures of the tests at Fort Myer, Vir­
ginia, of the first Army airplane 
purchased from the Wright brothers 
in 1909. 

Improved sound recordings are 
being obtained through use of recently 
installed sound equipment said to be 
unequaled between New York and 
Hollywood. The equipment mixes 
sounds from four separate sound tracks . 
The commentator talks into a micro­
phone in a soundproof recording room, 
while separate sound tracks are made 
for background effects, and the tracks 
are blended with proper modulations 
to get the finished . film sound. track. 

Wright Field Aerial and Movie Lab­
oratories are equipped with newest'­
type processing equipment; and the 
movie laboratory processes all motion 
pictures shot at Wright Field. 

Technical motion pictures produced 
by the Air Corps Motion.-Picture Lab­
oratory for Air Corps instruction are 
produced by Hollywood-trained per­
sonnel. An animation studio keeps a 
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staff of artists busy making pictures 
for animated cartoon sequences in the 
technical films. Animation has been 
used for years by the Air Corps in 
showing technical procedures, because 
through its use it is possible to point 
out precisely the essential details in a 
new piece of equipment without the 
nonessentials.-Kodak Magazine. 

SU B L I N E R  

means that the nitrogen needed an­
nually by our farmers, along with such 
other plant-food elements as phos­
phorus and potash, to grow the food, 
feed, and fiber demanded of them, 
would, if converted to explosives, be 
sufficient for well over seven million 
16-inch shells. 

In 1910  American farmers used less 
than one-third as much fertilizer ni­
trogen as they require today. The in­
crease from 260 million pounds in 

Used in Battery Rooms to 1910  has been rapid and steady : 404 
Prevent Corrosion million pounds in 1920 ; 694 . million 

If all the nitrogen now needed an­
nually on American farms had to ' be 
supplied by imported nitrate of soda, 
as was largely the case during W orId 
War I ,  it is conservatively estimated 
that American farmers would require 
more than 2,700,000 tons of nitrate of 
soda during the current year. 

At the outbreak of W orId War I, 
the United States did not have a single 
manufacturing plant to extract nitro­
gen from the air. However, since 
then the chemical industry has de­
veloped nitrogen fixation plants. No 
longer are we almost wholly dependent 
on foreign sources or on the high-

in 1930 ; and 866 mill ion in 1937, the A L I N I N G  for the battery rooms of last year ?- complete survey was made. 
submarines is being produced on .--____________ --' ____________________ _ 
equipment which heretofore has been 
used in production of Goodyear's 
Plioweld, an interior surface for stor­
age tanks and similar items. 

On submarines, the walls and floors 
of the battery room are l ined with 
rubber or composition sheeting to pro­
tect the steel walls from corrosion by 
escaping battery fluid and fumes. 
Sometimes, Go()dyear officials explain, 
fluid escapes from the batteries as a 
submarine lurches, lists, or dives at 
sharp angles. With the new wall pro­
tection, the fluid merely flows down 
the sides of the battery room to be 
collected in special disposal equipment. 

The lining is usually installed to a 
quarter-inch thickness over each bat­
tery room wall and floor. It is applied 
in two lavers, each about an eighth 
of an inch thick, and is cemented to 
the submarine battery-room walls . 

• • • 

M I NT-There has recently been n;ore than 
a 20 percent increase i n  peppermint acre­

age in  I n diana and Michigan, to provide for 
at  least part of the 400,000 pounds of men­
thol which formerly were imported from China 
and Japan. 

• • 

F E RT I L I Z E R  

War Should Assure Ample 

Nitrogen SlIpply 

• 

T lIE more recent increases in domes­
tic capacity for synthetic manufacture 
of nitrogen should guarantee plenty 
of that product for fertilizers and 
every other conceivable agricultural 
and industrial use when the war ends, 
says a recent issue of the Du Pont 
"Agricultural News Letter." 

Ame,rican farmers annually require 
commercial fertilizers carrying enough 
nitrogen to supply the explosives re­
quirements of around eight million 
24-foot torpedoes or ten million 600-
pound bombs. 

Every time a 16-inch gun is fired, 
120 pounds of nitrogen goes back into 
the air from whence it came. This 

"Eyes Right" Has Never Meant So Much To America 
, EVERY job in Production for Victory 

calls for top visual efficiency. This 
means that eyes must function unfail­
ingly and unflinchingly-at l athe, bench 
and on assembly line, in research and con­
trol laboratory, over drafting board and 
foundry flask. 

Upon the skill and training of the 
nation's thousands of eyesight specialists 
rests the responsibili ty of forestalling eye­
strain as an unconscious saboteur. 

As a maker of ophthalmic products­
the instruments used in the scientific ex­
amination of the human eye, the spectacle 
lenses and frames which these specialists 
use - Bausch & Lomb has an important 

part in America's war effort. 
In the development and manufacture 

of actual fighting equipment, such as 
rangefinders, aerial height finders, bin­
oculars, aerial map-making equipment, 
Bausch & Lomb is serving the Armed 
Forces directly. At the same time, Bausch 
& Lomb is  providing the metallographic 
equipment, the microscopes, spectro­
graphs, contour measuring proj ectors, 
optical glass and special instruments re­
quired by other manufacturers in filling 
military needs. 

B AU S C H & LO M B  
OPTICAL COMPANY • ESTABLISHED 1853 

AN AMERICAN SCIENTIFIC INSTITUTION PRODUCING OPTICAL GLASS AND INSTRUMENTS 
FOR MILITARY USE, EDUCATION, RESEARCH, INDUSTRY AND EYESIGHT CORRECTION 
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priced domestic organics of vegetable 
and animal origin for nitrogen. How­
ever, these sources, plus domestic 
sulfate of ammonia, continue to con­
stitute the current wartime nitrogen­
carrying materials allocated to ferti­
lizer use. All synthetic nitrogen . is 
being used for purposes other than 
fertilizer. 

If it were not for the greatly ex­
panded domestic synthetic nitrogen 
capacity, imports of nitrates would be 
utterly inadequate for our current 
needs. In fact, after combining both do­
mestic and imported sources of nitro­
gen allocated to fertilizers, the manu­
facturers in that industry face some 
shortage for the coming season. 

Old-fashioned organics, one of the 
important sources of fertilizer nitro­
gen at this time, include the vegetable 
and animal proteins such as oil-seed 
meals, dried blood, animal tankage, 
and fish products. Howevet, the trend 
before the present war was definitely 
away from these organics and toward 
increased use of the newer synthetic 
organics and inorganics. There is 
every indication that this trend will 
continue after the war. 

Imported nitrate of soda was the 
only important source of inorganic 
nitrogen up to and including 1900. 
Beginning with 1910, ammonium salts, 
chiefly from by-product coke ovens, 
also became an important source of 
fertilizer nitrogen, nearly always ex· 
ceeding the tonnage of nitrate nitrogen. 

As recently as 1925, not a pound of 
liquid ammonia was used in fertilizers 
manufactured in the United States 
but, as the result of practical applica­
tion of the findings of research, more 
than one fourth of the nitrogen used 
in mixed fertilizers in this country at 
the outbreak of the present war was 
supplied by various kinds of am­
moniating liquors. These give promise 
of playing an even greater role in 
fertilizer production after the war. 

• • • 

WOOD LI F E-For every 1 000 board feet of 
lumber treated with effective wood pre­

servatives, an equal amount of wood products 
is saved for war use when the treatment 
given doubles the service life of the treated 
product. 

• • 

B LACKO U T  TAPE 

With Adhesive Baok and 

Phosphoresoent Front 

• 

A PH OSPH ORESCENT tape available 
in one yard rolls, one inch in width, 
has an adhesive back for application 
to surfaces surrounding openings, ob­
structions, and so forth. This new tape, 
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made available by the General Lumi­
nescent Corporation, will glow ' in " , 
the dark for a period of eight to twelve 
hours after it has been activated. 

I C E  I N DICATOR 

Removes O n e  Worry 

from Pilot's M ind 

A NEW electronic device which 
signals and measures ice forming on 
airplanes in flight, and automatically 
operates the plane's de-icers, should go 

Ice indicator in ' the laboratory 

a long ways toward improving the 
efficiency of Allied bombing . · planes .  
Developed at the instigation of , com­
mercial airlines and the United States 
Army Air Corps, the instrument is 
the result of protracted research in 
laboratories of the Minneapolis-Honey­
well Regulator Company and in flight 
tests over the worst icing territory in 
the United States. 

According to the M-H president, 
the need for accurate measurement of 
the accumulation of ice on plane wing 
surfaces has been acute since -winter 
flying became .mechanically possible. 
De-ici�g equipment is now standard 
on commercial airlines and most long· 
range military planes, but to operate 
at maximum efficiency, the de-icer 
must be turned on when the Ice can 
best be cracked off. 

"The 'Ice Indicator' provides the 
pilot with information on the thickness 
and rate of accumulation of ice on ex­
posed plane surfaces," he stated. "For 
the first time in flying history de­
icing equipment can now be turned 
on at the exact moment it becomes 
most efficient." 

The indicator itself is composed of 
three separate units and utilizes prin­
ciples of electricity for its operation. 
A "pick-up plate" or sensing element 
is mounted on wing or plane surface 

where ice accretion is to be measured. 
This plate, which is very small, is set 
flush with the plane so as not to dis­
turb the air flow. It contains parts 
which actuate the mechanism by not­
ing the accumulation of ice. The plate 
is connected to an amplifier inside 
the wing, which in turn is connected 
to a power supply unit. The latter 
does the actual work of turning on the 
de-icers and registering accumulation 
on an instrument board meter. The en­
tire indicator weighs under five pounds . 

M E LA M I N E  AGA I N  

For BuHons and High 

Wet·Strength Paper 

Two new applications of melamine 
resins for widely different purposes 
were recently announced by American 
Cyanamid Company. Buttons molded 
of melamine resin plastic have with­
stood the gruelling tests prescribed 
by the Quartermaster Corps for use 
on cotton garment:;, heretofore met 
only by buttons machined from pearl 
and from imported vegetable ivory ; 
papers treated with melamine resins 
have high strength when wet and at 
the same time have substantially in­
creased resistance to folding. 

Melamine resin plastic is the only 
synthetic material unaffected by the 
stringent tests of laundering, ironing, 
fading, decontamination, and impreg­
nation imposed by the Army on but­
tons for cotton underwear and similar 
items of issued apparel subj ected to 
the most severe conditions in service. 
Buttons of other synthetic plastics 
have been accepted for other garments 
issued to our armed forces, but now 
melamine resin plastic joins more ex­
pensive fresh water pearl and imported 

Paper retains strength when wet 

vegetable ivory for making buttons to 
meet the most severe army service. 
Because buttons can be molded of syn­
thetic resins without machining, their 
cost is materially reduced. 

Melamine resin also is the basis of 
a new treatment for paper pulp that 
imparts extraordinary wet strength to 
the sheet made from it and at the same 
time increases the resistance of the 
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sheet to folding. Previous methods of 
raising the wet strength , of paper have 
required special equipment to treat 
the sheet after it is formed, and the 
treated sheet has been characterized 
by lowered resistance to folding. The 
effect of older treatments has dimin­
ished on prolonged storage under con­
ditions of high humidity. The new 
treatment is applied to the paper pulp 
before the sheet is formed, requiring 
no additional special equiptnent beyond 
that usual in every paper mill. The 
fold resistance of the sheet made of 
pulp treated by the new method is 
approximately doubled and no dim­
inution in wet strength or fold resis­
tance occurs on prolonged storage 
even under unfavorable conditions. 

High wet-strength pap�r, valuable 
for paper towels, vegetable bags and 
wrappings, corrugated boxes, and 
similar services where moist materials 
are handled, is especially important 
now in view of the widening use of 
paper to replace other wrapping ma­
terials now scarce. 

Another type of high wet-strength 
paper is a recently announced product 
of Brown Company. Known as Aqual­
ized paper, this new material is being 
tested as a substitute for cloth and 
burlap. 

By means of an exclusive process, 
it is reported the individual cellulose 
fibres in Aqualized paper are effective­
ly interlocked and fastened, thus giving 
an inherent wet strength all the way 
through the sheet, independent of any 
coating or any sizing. This paper can 
be made in various types, some of 
them highly absorbent and some of 
them so fabricated as to repel water. 

This new paper lends itself to such 
unusual uses as for clothing, Army 
tents, sand bags, and so on. It is also 
being experimented with in the food 
field where, it is being used for potato 
bags, crate liners, locker bags for 
frozen foods, and so forth. 

MERCURY "BOM BS" 
Save Precieus Metal in 

Fluorescent Lam"s 

How Yankee ingenuity is stretching 
the nation's stocks of critical ma­
terials was illustrated recently by the 
announcement that Hygrade Sylvania 
Corporation engineers have cut the 
amount of mercury used in the manu­
facture of fluorescent lamps by approx­
imately 50 percent in a process 
which has the double-barreled effect of 
saving mercury and of producing im­
proved lamp performance as well . 

Basis of this process ' is a mercury 
''bomb'' which is exploded in the in­
terior of the lamp during manufacture, i 
ejecting the exact amount of mercury 

needed, and eliminating the wastage 
resulting from previous methods. 

Mercury, high on the list of critical 
materials, is ,  essential to the operation 
of a fluoresfent lamp, because fluor-' 
escent light is caused by the action on 
fluorescent materials of ultra-violet 
rays emitted by electrically excited 
mercury atoms. Seventy percent of the 

, world's mercury is produced in Spain 
and Italy, supply sources now closed 
to the United Nations. The United 
States produces about half of the re­
mainder, but even in normal times has 
been forced to import substantial quan­
tities of the metal. The loss of foreign 
sources skyrocketed the price from $84 
a flask in August, 1939, to $202.50 in 
January of this year. Marginal mines 
were brought back into production 
under this favorable price situation, 
resulting in a 16 percent increase of 
production, but this has been insuffi-

cient to meet the swelling demands ot 
wartime industry, even with the addi­
tion of almost all of the Mexican out­
put, which heretofore had been ex­
ported to Japan. Stocks dwindled to 
12,000 flasks in late 194 1 .  

Under the old method o f  manufac­
turing , fluorescent tubes, a mercury 
dispensing device dropped free mer­
cury into the lamp during the exhaust ' 
process. It was done automatically, but 
the process had many drawbacks, 
First, there was an unavoidable waste 
of mercury ; second, the mercury and 
the dispensing parts had a tendency 
to become contaminated, causing fur­
ther waste ; third, and most important, 
it was impossible to maintain the 
exactitude necessary for best lamp per­
formance. Some lamps received too 
much mercury, which resulted in heavy 
streaks, shadows, and dark end-dis­
coloration in the lamps under operating 

SOUTH BEND LATH ES 
Equally efficient o n  precision toolroom work o r  close 

tolerance manufacturing operations, South Bend Lathes 
will help solve your production problems. Substantial 
savings , in capital investm�nt, power consumption, floor 
space, and labor costs h ve resulted from their instal­
lation. They will give yo the same efficient, trouble­
free service that they are giving some of the largest 
war industries. ' 

Many features , contribute to the efficiency of South 
, Bend Lathes. A wide range of spindle speeds permits 

maximum cutting tool efficiency. Smooth, vibration free 
operation permits machining work with such ' precision 
that subsequent finishing operations can often be elim­
inated. A convenient arrangement of controls makes for 
an ease of operation which reduces fatigue and lowers 
the probability of errors. 

Made in a wide range of sizes and types, there is a 
SO\lth Bend Lathe that will efficiently handle almost 
any class of lathe ·work. Write for catalog and name of 
O\lr nearest dealer. 
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Smoothly geared 
to duration living 

A home, a headquarters, a stopping-off place 

_ _ _  The Waldorf-Astoria serves duration living 

needs efficiently, economically _ _ _  graciousl y. 

L 
T H E  

O R F- T O R I 
P A li K A V E N U E · 4 9 T H  T O  5 0 T H  S T . ' N E W Y O II K  

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

conditions. Some received too little, 
which makes the lamp a "slumper," or 
one that fades out after a few hours 
of burning. Thus the percentage of 
rej ects was unnecessarily high, and it 
was almost impossible to reclaim the 
mercury in the rejects. 

The new "bomb" process "wraps up" 
the exact amount of mercury needed 
for the lamp, down to the last milli­
gram, in a tiny metal tube affixed to 
a support lead of one cathode. When 
the current is first turned on in the 
lamp, during the exhaust process, the 
heat expands the mercury and the 
tubing "explodes," releasing the free 
mercury. 

Since the tubing leilgth can contain 
no more than the exact amount, an 
oversupply of mercury is impossible, 
and a simple selector device removes 
from the production line any "bomb" 
with an insufficient load. 

DI E S E L  NOZZLES 

Now Tested for Accurate 

Del ivery of Oil  

A TINY injection spray nozzle, 
smaller than the tip of the little finger 
is literally the heart of a Diesel 
engine ; the minute holes in the nozzle 

Test tubes receive the oi l  

mu�t be drilled at precisely the same 
angle to assure uniform injection of 
fuel. If such uniformity of injection 
is not obtained, the Diesel cannot op­
erate at its peak efficiency. 

These injection spray nozzles em­
ploy a ring of holes ranging in num­
ber from six to ten, each hole being 
drilled individually to a diameter as 
small as 0.008 of an inch. The opera­
tion of these holes is s imilar to that 
of an atomizer ; the smaller the holes, 
the finer the spray and the more effi­
ciently the oil burns. 

The early Diesel engines used com­
pressed air to blow the fuel oil into the 
cylinders. Then came mechanical or 
airless injection. Still later came the 
development, by the Cooper-Bessemer 
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Corporation, of the pressure relief 
type of fuel injection which, in con­
trast with the constant pressure or 
mechanical inj ection system, might 
be more accurately referred to as a 
"controlled pressure" system. 

F or testing the fuel nozzles used in 
the Cooper-Bessemer engines, a device 
has been developed to check the ac­
curacy of the tiny holes. During the 
test, as shown in one of our iIIustra­
tions, individual nozzles are fitted into 
an arm overhanging a tank. Around 
the walls of the tank are placed a 
number of test tubes, the number cor­
responding to the number of holes in 
the nozzles to be tested. When oil 
is forced under pressure through the 
test nozzle, each tiny stream of oil 
must strike the mouth of its particular 
test-tube receiver accurately, and de­
liver the correct amount of oil in a 
specified time. Failure to do this re­
sults in rejection. 

• • • 

SUGAR-The first successful American sugar 
beet factory was established in  Alvarado, 

Californ ia, in 1 879. N ine  years later, the 
secon d  successfu lly operated beet sugar 
factory was bui lt, whi.ch in  that year, manu ­
factured 1 000 tons of sugar. Today Cal i ­
fornia lead, in the production of beet sugar. 
In 1 94 1  the state produced 6, 1 82,43 1 
hundred-pound bags of beet sugar. 

• • 

SO U N D· P R O O F  

Panels Can be Added to 

Old Telephone Booths 

' . 

B.y placing in old telephone booths a 
set of newly developed acoustic panels, 
the old booth becomes sound proof. 
With the panels in place the . old door 
can be removed, as it is no longer a 
necessary part of the enclosure . .  The 
acoustic pallels, manufactured by the 

Panels that sound-proof 

I M M E D I A T E  D E L I V E R Y 

LATEST TYPE INDUSTRIAL Be LABORATORY EQUIPMENT 
With 

Inlet Outlet Price A. C . moto. BRONZE GEAR AND 
CENTRIFUGAL PUMPS No. 1 Centrltulral ��w %. • u. $25.0. 

No. 4 
No. 9 

No. H'll Gear 
No. 2 . . 
No. 3 
No. • 
No. 7 
No. 9 . . 
No. 1 1  . . 

Synchronous Motors 
New Emerson 100th H.P., 900 R.P.M. 1 10 volt 
60 cycle hoUow 25/32 shaft vertical or horizontal 
mount, no base. Has many applications. $7.50 

Small  Piston Type Air  Pump 
Can b e  used for all purposes where low pressure 
air Is required. Develops 1/3 cu. ft. of air a' 
15 Ibs. pressure. Suitable for aquariums. Takes 
care of 6 to 8 tanks. Piston type, all brass 
cYHnder. Belt driven. Universal AC-DC motor. 
Mounted on neat base. Complete. $1.85 

General Electric 

SUu,D.Ule lot neat1ng Uqu14s tanks, kettles etc 
( 1  KW raises tempera.ture 1000 F 3 ,allons per 
hour. ) Fitted for 1 ;2'" iron pipe thread. Can 
be used as 110, 220 volt or 3 heat 110 volt. 
600 Watt . . . . . . . . . $7 . 60 1200 Watt . . . . .  $ 1 0.50  
750 . .  . .  . . . . . . . 7 . 60 2000 " . . . . .  1 2. 50 

3000 Watt . . . . .  $ 1 6 .00 
MAGNETIC GAS VALVES 
All  sizes in stock; Prices on request 

EXHA UST FANS, BUCKET BLADES 
General Electric A.C. 1 1  0 volt motors. 

R.P.M. cu. ft.  Price 
per min. 

9" 1550 550 $12.00 
10" 1500 550 13.50 
12" 1750 800 18.00 
16" 1750 1800 21.00 
16" 1140 1650 27.50 
18" 1750 2500 22.50 
18" 1140 2100 32.00 
20' 1140 2800 36.09 
24" 1140 4000 42.00 
24" 850 3800 45.00 
Other voltages & frequencies avallable at sl1ghtly 
higher prices. 

.. 

��" 
%" 
�a" 
�!o" �4· 

1 " l��" 

%. 
1 ��' 

pr.�ce S 9.00 
10.00 
11.50 
12.50 
15.00 
16.50 
fS.58 

�!o" 13.50 
1 " 16.50 

W!�h A;!=,' m�tor 

32.00 
35.00 

525.00 
27.5f 
28.5. 
32.00 
37.50 
49.5' 

OD request 

H EAVY DUTY TWI N  

COMPRESSOR 

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 adjust­
able pressure switch, gauge, check 
valve, safety valve and drainer, etc. 
Delivers 1 50 lbs. pressure. Displace­
ment 1.7 cu. ft. per min. 

M odels D H G !/4 
12" x 24" tank A.C. 110 or 220 v. 60 cycl e  $57.50 
16" x 30" tank A.C. 110 or 220 v. 60 cycle  $64.50 
Large stock of air cam�ressars, !/4 H . P. to 20 
H . P .  A.C. and D . C . ,  all vol tages, 1 to 120 
C. F. M .  d isplacement, b u i l t  for all requirements. 

Add itional data on request. 

DURAKOOL MERCURY SWITCHEs 
This metal mercury switch overcomes faults at 
usual mercury switches. May be turned a full 
360 0 •  Has thousands of known applications from 
tiny lab instruments to gigantic power controls. 

1 Amp. . .  . . . . . . .  $1.10 20 Amp. ..  . . . . . .  $3. 15 
3 Amp. . .  . .  . .  . . .  1.65 35 Amp. . .  . .  . . . .  5.50 
5 AmP. . . . .  . .  . . .  1.6. . 65 Amp. . .  . . . . . .  1 1.00 

19 Amp. . . . . . .  . . .  2.00 200 Amp. . .  . . . . . .  50.00 

H EAT R E G U LATO R O U T F I T  

Com plete 
with 

Accessories! 
$21 

G E H Economy Special I 
-The finest two-piece out­
fit on the market. Consists 

of an all electric 
Minneapolis C o n ­
trol Motor and a 
G e n e r a l  E lectric 
Thermostat. Motor 
is operated off your 
nearest light socket 
and has a built-in 
transformer supply-
ing low voltage to 
the room thermo­

stat. The thermostat is adj ustable from 
50· to 80·.  
Easily installed on any type furnace. 

FORCED DRAFT BLOWERS COM PLETE WITH MOTOR 
TYPE H.P. R.P.M. CU. FT . MIN . INLET OUTLET PRICI! 

o 1/�O 1750 1 60 4;2'" 3%'" $22.00 
O�!o �� 1750 350 6%" 3%" 25.00 
1 1/6 1750 535 6 "  4�!o' 30.00 
1 �� �� 1750 950 7;2'" 6 ·  37.50 
1 %  �� 1750 1900 9'  •• " 7 "  75.00 

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

P I O N E E R  A I R  C O M P R E S S O R  C O . ,  I n c . 
120-5 CHAMBERS ST. NEW YORK CITY, N. Y. 
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THE WORLD'S MOST HONORED WATCH 
The es tablished prestige of Longines . 
Wa tches has res ulted in a demand to­
day greater than necessarily restricted 
production. Your Longines jeweler will 
show you the Longines Watches tha t 
are available, and all have the depend­
able Longines "Observa tory Move­
tnen t* . "  Longines Watches have won 
ten world's fair grand prizes, 28 gold 
tnedals and more honors for accuracy 
than any o ther timepiece. See also the 
Wit tna uer wa tch, a cotnpanion line 
o u tstanding for value a t  a tnoderate 
price-product of Longines- Wittna uer 
Watch Co . ,  New York, Mon treal, Geneva . 
*Trade Mark Registered U. S. Pat. Off. 
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Burgess Battery Company, are made 
of reinforced birch plywood filled with 
a blanket of sound absorbing material, 
the resulting cellular design giving an 
adequate sound absorbing effect. The 
outer surface of the panels can be 
finished by any conventional method. 

P I N EA P P L E  E N ZY M E  

Can b e  Used to Make 

Tough Meats Tender 

BROMELIN, an enzyme which, l ike 
certain other members of this group, 
has the property of breaking down 
meat protein and thus making tough 
cuts more tender, has been success­
fully isolated from the peels and cores 
of pineapples. The · technique is said 
to consist of pressing the JUlce 
from the peels and cores at a stage of 
manufacture at which the juice is of 
l ittle commercial value to the canner. 
The bromelin is precipitated from the 
juice by the addition of ethanol, which 
can be recovered for use with fresh 
batches of juice. 

DEHYDRATED VEG ETAB LES 

H igh in Vitamins, Call 

For Proper Packaging 

WHETHER they are being produced 
for soldiers and sailors overseas, for 
our Lease-Lend allies, or for our own 
dinner tables, scientifically dehydrated 
fruits and vegetables are "delivering 
the vitamins." According to labora- . 
tory technicians, the nutritive value 
of these space-saving products may 
be higher for this year's crop than 
ever before in the industry's history. 

As in the case of canned, frozen, or 
fresh food, vitamin content of de­
hydrated vegetables depends to a great 
extent upon the original content and 
freshness of the raw foodstuffs. Mod­
ern dehydrators partly solve this prob­
lem , by locating their plants in the 
heart of the growing areas, one of 
the largest, in California, being within 
two hundred feet of its own fields. 

Optimum vitamin contents of eight 
typical vegetables have been released 
by the United States Department of 
Agriculture, subject to unavoidable 

Pro�vitamin A 
( carotene ) 

·variations in the raw stock and other 
conditions. Arranged in the accom­
panying table, the figures show vita­
min contents found in each 100 grams 
of dehydrated foods. 

The packaging of dehydrated vege­
tables is an important factor in pre­
serving their maximum nutritive 
value and palatability and is one of 
the important wartime projects under 
way in the laboratories at the New 
York State Experiment Station at 
Geneva. 

Paper containers of all kinds, card­
board, parchment, foils, waxed linings, 
cellophane, flexible plastics, and a 
score of other materials are now under 
test by the Station scie�tists . Pack­
ages that may meet the necessary 
requirements for domestic markets 
may be entirely unsuited for Lease­
Lend shipments and for use by com­
bat troops, it is pointed out, because 
these last two categories require that 
the package be war-gas proof in addi­
tion to the usual requirements. 

Different vegetables also present 
different problems when it comes to 
packaging. Dehydrated carrots, for 
example, an important source of vita­
min A, deteriorate rapidly and lose 
color, thus greatly lowering their nu-

. tritive value unless the product is . 
packaged under certain conditions. 
One of the requirements for dehy­
drated carrots is that the air in the 
container be replaced with some inert 
gas, such as carbon dioxide or nitro­
gen. The Station scientists are carry­
ing on tests with inner liners for 
packaging carrots. The liners are par­
tially sealed and then the air replaced 
with carbon dioxide before the final 
seal is made. 

As a final check both of the pack­
aging materials and the packaging 
processes, the various types of pack­
ages under test are being stored in a 
. room maintained as near tropical 
conditions as to temperature and hu­
midity as possible. After several 
months' storage under these condi­
tions, the packages will be opened and 
the contents subj ected to various tests, 
including a taste test, to determine the 
effect of the packaging and storing on 
the nutritive value and palatability of 
the dehydrated products. 

Vitamin Bl Vitamin B2 Vitamin C 
(thiamin) (r iboflavin) ( ascorbic acid) 

milligrams micrograms micrograms milligrams 
Beets . . . . . . . . . . . . . .  40 350 25 
Carrots . . . . . . . . . . . .  90 300 300 20 
Spinach . . . . . . . . . . . . 40 750 1 1 50 1 50 
Kale . . . . . . . . . . . . . . 16  500 900 300 
Mustard Greens . . . . . 50 400 
Swiss Chard . . . . . . . .  3 550 1 120 125 
Sweet Potatoes 5 200 320 35 
White Potatoes .. . . . .  425 250 25 
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ndu strial Growth  

lew Products and Processes That Reflect Appl ications 

f Research to Industria l Production 

LECTRO N I C  CO N T R O L  

I f  Induction Motors, Operates 

M icro-Watts 

HE direction of rotation of ordinary 
ngle-phase induction motors can be 
llickly and accurately controlled by 
leans of electric circuits of negligible 
)wer and without the use of mechani-
1.1 or moving contacts of any type 
lrough the use of a newly developed 
ectronic control shown in one of our 
lustrations. 
, In the photograph an arrow points 
J the two control terminals, which 
re to be connected to any suitable 
antrol circuit. The control power in 
lis circuit is of the low order of 100 
licro-watts. 

In the setup shown, the 1/50 horse­
ower motor weighs about 5.0 pounds ; 
he electronic control weighs about 
� pounds, or a weight ratio of two 

Motor and electronic control 

o one. The control, developed by W. 

I::' Robinette, uses two · receiving type 
;racuum tubes of less than one watt 
'ating each. 

This electronic control of mDtor ro­
:ation is applicable to a number of in­
iustrial operations where a relatively 
;mall movement of some mechanism 
Jr other moving part is to be applied 
:0 governing the direction and speed 
)f a motor. 

R E DUCTI O N  DRIVE 

�dapts M otors t o  Slow­

Speed Machines 

A COMPACT speed reduction unit 
ihat mounts on the shaft extension of 
a machine to be driven is now avail­
able in five standard sizes from .0 to 
25 horsepower. The unit, made by The 

American Pulley Company, is attached 
to the shaft by means of a keyed bush­
ing and is prevented from rotating 
by a torque arm which is bolted to the 
case and to a rigid support. 

Within the case of the unit, shown 
in one of our illustrations, is a com­
pact yet efficient gear train which pro-

Reduction drive is bQck of pul ley 

vides a standard fixed speed ratio of 13  
to  1 .  Any differences between this 
ratio and the desired total ratio can 
be accomplished by the proper choice 
of standard pulleys for the primary 
belt drive. Also, there are available 
adj ustable diameter pulleys which can 
be employed where operations require 
frequent or rapid speed changes .  

H O RSESH O E  M AG N E T  

Speeds U p  Welding by 

Eliminating A rc Blow 

A WARTIME version of the old fash­
ioned horseshoe magnet has pointed 
the way to possible major gains in 
welding steel plates for war machines. 

Savings in man-hours, as well as 
improvement in quality of welds, are 
expected to result when the specially 
designed "magnetic shunt," as the 
device is called, goes into heavy duty 
on Army and Navy ordnance mate­
rials. The magnetic shunt was used in 
a series of tests to tame magnetic arc 
blow, traditional pest of the electric 
welder. 

Magnetic arc blow, according to 
Charles H. Jennings and Alfred B .  
White, Westinghouse research engi­
neers, is a tendency often developed 
by electric welding arcs to be deflected 
from their course, and thus produce 
slow, irregular, and frequently inferior 
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Interesting! 
Watch for radio u s e  i n  the �ar news - you'l l 
find it in the air - on the ground - and at hamel 

WITIIOUT radio, the movement 
of war would still be anchored 

by telephone lines-the physical hazards 
of the courier and visual signals. 

Now war moves swiftly over the whole 
face of the earth-instantaneous radio 
communication thru the ether instead of 
over copper wires has blasted the bar·' 
riers of space and time. 

So today all our radio production cen· 
ters on war use. 

But what of tomorrow-what effect will 
this have upon the future-after victory? 

One thing is certain-it will revolu­
tionize and speed . the great new future 
form of transportation. 

Radio has never been universally neces· 
sary in transportation before. In auto· 
mobiles-on trains-it has been enter­
tainment-in' boats it has been a great 
aid but not an essential. 

But today for the future, in that great, 
new universal transportation that is form­
ing itself-the airplane-radio is essen­
tial as the engine itself. 

And-mark this well-airplanes and 
radio are two of the four great industries 
destined to lead this country back to busi­
ness normalcy after the peace is won. 

Zenith's leadership i n  the radio industry has been 
established by a constant achievement of "firsts . "  
Repeatedly. ideas "brand new" when Zenith "first" 
i ntroduced them. later became essentials on all radios. 
And that same "forward thinking" of engineers and 
factory and organization now concentrates on war 
production of the thing we know-radio-exclusively 
radio. We arc progressing-we learn every day-and 
this new experience will inevitably reflect itself when 
Zenith again produces for peace. 

-a Zenith Radio Dealer near you is giving reli­
able service on all radios - regardless of make. 

ZENITH RADIO CORPORATION-CHICAGO 

BUY u _  
5 _  WAR NOW BONDS & STAMPS 
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EDISIN STIRAGE IAnERIES 
Oellll ..... In excellent aoDdltion. Oomplete with 
solution, connections and trays. Prices lIelow are 
a!>out 10% of regular mark.t price. Averag. life 
20 y.ars. Two-year unaondltional O .. ran_. 

A-. AmP. Hrs. 158 . . . . . . .... ... . 
A-O AmP. Hrs. 225 . . . . . . .... .. . 
:.l-T AmP. Hrs. 202. . . . .  . .... , •• 
A-8 AmP. Hr •• 300. . . . .  . .... , •• 
B-2(J-3) AmP. Hrs. 37. . . . .  ..... • •• 1 
M-8 AmP. Brs. 11. . . . .  . .... I •• 
L-20 AmP. Hrs. 13.. . . .  . .... 1.50 
L-.u AmP. Hrs. 21 . • . • • •  Pr. ' •• 8 

All cell. 1.2 voltS .ach 

prices are per unit cell. Por I volt .ystem 

u.. cell.. 12 vt.-10 cells, 110 vt.-88 cells. 

Note: On BII cells 75 amps . or less an additional 

chBrge of 10% Is to be added for trays. 

U. S. ARMY TELEGRAPH SET SllI"nal Corp. telell"raph key and sounder 
mounted on mahogany board", Oper-
ate. o n  2 dry cell . . . . . . . . . . . . . . . • • · ,5.95 

Llghtinl 
Gasoline D r l y e n. 

" D elco" 1 0 0 0  watts, 1 3 0  yolt direct cur­

rent generator. Bin � 

gle cylinder, • eyele 

air cooled 2'A1 Inch 

bore, & inch stroke, 

1 40 0  RPM, battel"J' 

start Ignition. 

Price • • • ' . .  '225.00 

Additional data o n  

request. 

HIGH FREQUENCY GENERATORS-AC 

4800 RPM, Ball B.arlni, Self Excited. 

400 cycle 115 Volts 200 watts . . . . . . . . . . •  $65.00 
600 cycle 115 Volts 250 Watts . . . . . . . . . .  , SO.OO 
500 cycle 115 Volts 500 Watts • . •  . . . . . . . .  95.00 
600 cycle 115 Volts 200 Watts . . • • . . . . . . •  65.00 
900 cycle 110 Volts 200 Watts . ,  . . . _ . • . • . • 45.00 

HAND CLINOMETERS, PENDANT 

:!"g�·M�n::'��":ia:Yl�r,:�ts�:;l.:.: $3.50 

"VHdor.loot" Ilvolatiia Co.nter 

Six number, <_, _-r_ .. dlIIl_ Oft!:­

all 5�' lonl, 1 '>{,," wide, aDd 1-5/1S" bllh. 111'11-
meralll '>{,," hleh, nickel plated. Special . . .  ,7.50 

TRANSMlnlNG 
CONDENSERS 

MICA 
,peratlng Yolts 12,­
'00, cap. 004. 
Dublller, new Sll.50 
Dublller, used 10.00 
Wlrelees Spec. new 

S10.00 
Wireless Spee. used 

$7.50 
Condonser. Dubilier. m1ca. oP. volts 8.500. cap. 
00 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  $7.50 

NICHROME WIRE 
In .took 

SIZES FROM #39 to .881 -----
U. S. Army Alreraft. ..... ii' solid brass telegraph � 
and radio transmit- � ,..:II ting key. large con" � ; . tacts. • . . . . . .  $2.95 ._':::IIiiI_Ili_. 

Singla Streka Electric Goap 
Edwards 12" bronze 00 5 Ohm Mech . Wound 118." 
Edwards 10" bronze DC 5 Ohm Meeh. Wound 15.00 
EdwBrds S" bronze 00 5 Ohm Mech. Wound 10.50 
Schwarze S" 100 Ohm 32 volt . . • . . • . . . . . . • •  11.51 

Engineers U. S. Army Precision Type Tripod� 
Keuffel & lilsser, preci si on type hardwood. 
42" lo ng, 3" diameter bronze p latform with 6/IG"  #11 threaded stud % "  long. Ha. brass te. sf on adjusting screws. Legs 
rein forced .with cast bronze and steel 
tiP.. Weight 6 lb. Price . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  ,4.95 

IllId Y OIII' 0 •• S.archll,lIt 
U. S. AI'IIIJ Paralloll. IIlrrar 

Precision ,.all., • Foeal OI_ 
Dia. Lencth Thlclmess Price 

. .8 In. 12 'AI In. 7/16 In. 75. 
88 In. 1 1 '4  In. 7/18  In. 125. 

Made by Bausch &: Lomb '" Par­
sons. Pertectly ground and high­
ly polished. 

A fl. 60 In. slightly usad matel 
mirrors on hand $225. ea. 

TUNGSTEN CONTACT DISCS 
1%" d18. - 1/io" thick. Pure metallic tungsten 
contacts. MBchlned and polished. 

$2.00 ea. $3.00 per pair. 

U. S. ARMY 
AIRCRA" M ICRO· 

PHOIE 
Manufactured b y  Western Elec­
tric, Breast type carbon micro­
phone transmitter, noise proof, 
complete with cord. plug and 
breastplate. Bxceptional 
value . . . . . . . . . . . . . ; . • . $2.95 

Engineers Prismatic Campass 

Pocket type 8 6 0 ·  Limited quanti ty : ,1 0.50 

HUTCHINSON PRISMATIC COMPASS 
a In. dla., brass, black enameled, Im­
proved pattern, with opening In t op , 
lIoating ' j eweled dial. 2 in. Each • • •  ,16.50 

DYNAMOTORS D. B. to D. a. 
24-750 volt. Oen. Electric 200 
mlllll . . . . . . . . . . . . . . . . .  $87 .5. 

24-1000 Oen. E1ec. 1000 milia 
$85.00 

12-310 . volt 80 mills . . . . . . . . . . . . . . . . . . . . . .  ,18.01 
12-750. volt 200 mills . . . . . . . . . . . . . . . . . . . . .  .1.00 
32-350 volt 80 mlllll . . . . . . . . . . • . • . . • •  . • . . . .  B.OO 
32-300. volt 00 mills . . . . . . . . . . . . . . . . . . . . . . . 7.58 

Prisms. Binoculars, Bausch & Lo mb, used. 
sIl gh tly chipped, 1 1 1 / 1 0  In ch long 
by % . Incb wide . . . • . . . . . . . . • . . . . . .  ,2.00 

Bunnell Resistance Box 1 to 10 .000 ohms. 
A beautiful piece of IBboratory or test 
apparatus. Complete with plugs. . . . . . . .  $30.08 
New 'h H.P. 2-phas. 00 cy. 220 v. 3450 
r.p.m. Westinghouse. . . . . . . . . . .  , . . . . . . . .  $25.00 
New 1 �� H.P. I-phase 60 cy. 110 or 220 v. 
3450 r.p.m. Diehl. Ball Bearing. . . . . . . . .  $55.00 
Motor generator, R & M 110 D. C. 3�2 
H.P., 2 kw. 20 volt 80 amp • . . • . • . . . • • • . . •  $120.00 

M OTOR GENERATORS 
1 2 0  d .c . , 110 or 2 2 0  a.c. ,  5 0 0  eyCI$'l:

2
��� %:t:i75.00 

120 d.c., 110 or 220 B.C.,  500 CYCI:i7
�?� �:ti

250.00 
120 d.c., 1 10 or 220 a.c., 500 cycle, 1 kw, 

$275.00 to $325.00 
120 d .c . , 110 or 220 a.c., 500 cycle, 2 kw. 

$300.80 to $425.80 
120 d .c . , 110 or 220 a.c.,  500 eycle, 5 kw. 

$425.80 to $550.88 
120 d.c. to 400 d.c. 2 kw • . . • .  $225.00 to $275.00 
120 d.c. to 000 d.c. 2 kw. • • . .  $250.00 to $325.00 

CONVERTERS 
"Wappler X-Ray Co. " 110  or 220 d.c. Input-75 or 
150 B.C. output. �11 KVA . • • .  $45.00 3 KVA . . . . $95.00 

1 KVA . • . •  $65.00 5 KVA . • • •  $110.80 
t;. KVA • . • .  $75.80 
Radio Transmlttlnlr Key, large Navy 5 K.W., 
b�k connected, splendid action, 5,." heavy 
s!lver contacts. . . . . . . . . . . . . . . . . . . . . . . . . .  $10.50 
U. S. Navy rotary spark gap, enclosed multiple 
electrode, blgh speed, CBn handle 10 kilow .. tt. 
\� H.P.. 110 v. vertical metor (specify 
AC or DC) .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  $75.00 
Telegraph and buzzer portable sets, mahogany 
case, 2 tone 4 contact platinum point high fre­
queney buz;er, 2 telephone toggle switches, po­
tentiometer, sending key. 3 mfd. condensers, 
transformer and 2 cboke coil., receiver • .  , . $10.00 
Webster ��" spark coli, 110 volt, 00 eycle 30 
watts, wi.th vibrator . • • . . . • . • . . • • . • • . • • • . .  $8.00 
Motors, Synchronous, 220 v. 00 cycles 1800 
R.P.M. �l.H.P . . . . . . . • . . . . . . . . . . . . . . . . . . . .  $30.00 
Motors, Synchronous, 220 v. 60 cycles 1800 R. P.M. 
�'H.P. . . . . . . . . . . . . . . . . . . . . . . . . • . . . . . . . . . . .  S60.80 
U. S. N. double current generator. 450 volt at 
260 mms and 9 volts at 3.75 amp. Complete 
with filter. May be used ... dynamotor . •  $85.00 

-S C I E N C E  I N  I N D U ST R Y-

welding. Laboratory experiments in­
dicate that an improvement of as much 
as 20 percent may be made in welding. 

Deflection of the arc is caused by 
magnetic forces prqduced by the elec­
tric current as it passes through the 
electrode ( or welding rod) , the steel 
plate being welded, and through the 
arc itself, the engineers said, or it 
may be caused by permanently mag­
netized plates. 

"The electric arc is a flexible gaseous 
conductor and the presence of external 
forces causes the arc to be distorted 
and even be extinguished," Mr. Jen­
ning explained. "When the arc is de­
flected, the J ommg metal doesn't 
transfer properly to the desired loca­
tion. We have found that re-routing 
the magnetic forces acting on the arc 
is an effective way to combat arc 
blow." 

The horseshoe-shaped magnetic 
shunt is . used in' the case of heavy steel 
plates which are permanently mag­
netized. Made of two bars which are .. 
bolted together to provide a good 
magnetic path between the sides, this 
shunt is placed along the j oint and 
changes the direction . of magnetic 
forces in the work piece. When weld­
ing close to the end of a j oint, a flat 
steel bar will serve as magnetic shunt. 

S P R I NG N U T  

Made i n  Acorn Shape, 

Is Self·Locking 

EXTENDING inward from the base of 
a newly designed spring nut, now 
available in acorn as well as other 
shapes, is a series of fingers that sur-

Fingers formed 
in  she" 

grip threads 
tightly 

round the screw thread and grip on 
one thread in a self-locking assembly. 
A cross-section of one of these nuts, 
made by the Palnut Company; is shown 
in an accompanying drawing This 
new unit, part of the company's line 
of formed steel nut and lock-nut fast­
enings, is available in three sizes. 

P I E R  F O R M S  

For Casting Concreta, M ada 

of Laminatad Fiber 

IANHAlU. ELECTRICAl BARGAIN HOUSE.  INC . .  Dept. S .S . .  1 20 Chamben Sf" Ia. Yark City . 

LAMINATED, spiral-wound, specially 
constructed and wax-treated fiber 
tubes are now available in five stand­
ard diameters for use as ' concrete pier 
forms. These tubes, furnished in 
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lengths up to 24 feet and i n  inside di­
ameters from 9 to 1 3ljz inches, are cut 
to length on the j ob, by hand or power 
saw, in a matter of seconds. 

Such pier forms, known by the 
trade-name of Sonotube, are easy to 
handle, are easily set up in place, and 
need not be stripped off after the piers 
are set up. 

G E R M I C I DE 

Added to Cuffing O ils, 

Protects Workers 

DEVELOPED to be used by adding to 
cutting oils, a new liquid germicide 
is now on the market under the name 
of Cutacid. Application of four ounces 
of the l iquid in 55 gallons of cutting 
oil makes a solution that destroys 
germs, thus protecting workers who 
may receive skin abrasions and cuts 
while performing machining opera­
tions. 

B R I G H T  STE E L  

Assured by Use of Conditioner 

in  Pickling Bath 

A STEEL surface conditioner for use 
in either hydrochloric or sulfuric acid 
pickling baths results in a bright 
metal surface which is ready for im­
mediate electroplating. It is claimed 
that the use of this surface conditioner, 
known as Surbrite, will reduce acid 
consumption and metal loss in com­
parison with pickling practices where 
plain acid is used. 

N O TC H I N G  U N I T  

M aintains Punch and Die 

in Alignment 

W HERE metal parts r�quire a notch­
ing operation for bending or forming 
purposes, a new unit has been made 
available which can be used with any 
press of suitable capacity. Nothing is 

Self-contained, cuts notches 

attached to the press ram, the self­
contained holder of the unit maintain­
ing constant alignment of the punch 
and die. 

These notching units, made by the 
Strippit Corporation, can be set up in 
series and standard or irregular notch­
ing patterns can be achieved in one 
stroke of the press ram. 

U N IVERSAL VISE  

Designed t .  Hold Work 

in  Any Position 

T HE time required for involved and 
complicated machine-tool setups can 
frequently be greatly reduced by the 
use of a universal type of vise which 

Compound ang les can be "dialed" 

can be applied to drill presses, grind­
ing machines, and other shop equip­
ment. The most complex left and 
right compound angles can be pro­
duced literally by the twist of a dial. 

Among the accessories available 
for this vise, made by the F. & H. 
Manufacturing Company, is a pair of 
friction plates jo ined together by a 
ball and spring socket. These plates 
are designed for instantaneous clamp­
ing of work pieces whose opposite 
sides do not lie in parallel planes. 

T ER M I N A L  

Solderless Type Assures 

Durable Connections 

A "PLUG TYPE" terminal designed 
specifically for use on panel boards 
and rotary switches, on shipboard­
or wherever plug-in wire connections 
are demanded - assures a durable, 
solderless connection. Manufactured by 
Aircraft-Marine Products, Inc., these 
terminals are available in straight and 
right-angle shapes for wire s izes 16 
and 14 .  

Easily installed-no special skill is  
required to crimp the terminal onto the 
wire end with s imple hand, bench, or 
floor type crimping tools-the · AMP 
"plug type" solderless wire terminal is 
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CONTI NUOUS CRYSTALLINE 
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• Are now serving the U. S. Govern­
ment and industry performing tasks 
essential to the war effort. 

Send for our literature A l 2  describ­
ing the vital role played by the 
polarization of light in winning vic-
tory. 

• 

POLA RIZED 
PROD UCTS CORP. 

1 1 3  UNIVERSITY PLACE 

NEW YORK, N .  Y • 

• 

F R E EI;"f"·f!� ,��,=-.:'.:::�. = C <� 
Annual Bargain CataJog ot S20 pages. Old-time favontea 
-Iatest" best sellers . "  Reference Fiction, Juvenile, Hia· 
�O:lt������:'o�

t
fndf!YS�!l

i
g:s:�!��,c��e:d

s
p���:� 

today for our new 1 94 3  catalol, "Bargains I n  Books.," 

THE BOOK SUPPLY COMPANY, Dept. ill  
564-566 West Monroe St., ChlcUo. Illinois . 

Please send me your 48-page "Patent Guide" 
and your specially prepared "Record of Inven­
tion" form FREE This request does 'not obli­
gate me. 

I Name . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . I Address . . . . . . . . . . . . . . . . • . . . . . . . . . . . . . . . . . . . . .  

I City . . .  (i>ieas.; . writ.· ;,�. jiT·ini :l�t;lYY · · · · · · · ·  
J
I 

� - - - - - - - - - - - - - - - -
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��G�N �!.EK1!IA!I�N ��!CKOB�!S ! 
��Pid,:�I I'��C�r::,h��r 1l�:II�O�; for 
paints. $ 1  LUMINOUS PIGMENT, �2 OUNCE .00 �IX 

g��:,.�
ac

�:[�r.
she

�'tt'i �r��18� Postpaid 
hrs. before "re·excitioC". 
Play safe In Blackouts & Dlmouts ! Paint steps, 
switch plates, light pull cords, house numbers, 
your own signs, etc. with luminous paint. 
HARRY ROSS Scientiflc & Laboratory Apparatus 68 West Broadway, N. Y. C. 

Whe. you write to 
advertisers 
• The Editor will appreciate 

it if you will mention that 
�:; S C I E N T I F I C  
it in A M E R I C A N  

COMPLETE HOME-
STUDY COURSES a D d  e d u c ationa l 
b o o k s, s l i g h t l y  used. Sold, rented, 
exchanged. All lub· 
jects. Money-back 

paid for ueed course •. 
trated 7�pa,e bargain 
today. 

g u a r a n t e e. Caah 
Full detail. and iIIus­
catalog FREE. Write 

NILSON COMPANY 500 Shennan, Dept. M-243 Chicago 

BLACK LIGHT 
(Ultraviolet) 

Lighting out.llt. and U. V. lamps for all purposes. 
For - all Sand Recognition, Necrotic Diseases. 
Orlllllnal investigation, Medical and Chemical 
Research, Spectacular and Stage Effect, Germici­
dal Destructlen, Laboratory, Fading T"l'ts, etc. 

Writ. for Information and Oatalogs. 
KEESE ENGINEERING CO. Hollywood, CallI. Dept. 8 EL 
Llchtlnlr Enclneer. for 50 yearB. 

Th8 Morse Decimalizer 

The D 
_nlPulations just where to place the decimal 
point In the result of any computation Involving 
several elements, part or all of which may b. 
dectmaIa-- for example, In such a problem as 
(I " .0432 " 74. 1  x 3.8) + (245 x .0093 x 38) . 
The DEOIMALIZER removes that "decimal point 
hazard" Inherent In computations made with the 
slide rule or otherw' ••. 

Pocket sloe: durable (stainless steel) : exceed­
Incb' smooth In action. Furnished · In leather 
case, with oomplete directions for uslne. Price 
$2, postpaid: with extra, .... Ib' Interchangeable 
seale which enables the Instrument to perform 
extended multiplication and division, 50 centg 
additional. Koney blick, If returned within 10 
dllYll. 
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MORSE Arlin tOD. Va . 

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

Try 'the New PIXE 
Electric Reader 

A boon for elderly 
people and others with 
poor eyesight. Wonder­
ful for doctors, lcien­tists and draftsmen. 
Write itor free Information 
and detallB of this new In­
vention that makes read­
Inl matter 3 tiines larger. 

Elizabeth. N. J. 

-------------S C I E N C E  I N  I N D U ST R Y-------------

Stra ight  and angle terminals 

made of soft copper, annealed after 
fabrication to resist bending and break­
ing and hot electro-tinned for corro­
sion resistance. 

F LAW DETECT I O N  

AccoMplished With Sodium 

Light and Microscope 

SODIU M  light, which has proved effec­
tive for highway lighting, is being 
used in several important war plants 
for surface inspection by microscope, 
because of its efficiency in the detection 
of pits, cracks, and flaws in materials. 
The sodium lamp is essentially an arc 
lamp, and differs from the incandes­
cent in that it requires a special socket 
and individual control for each lamp. 

The unusual perception of detail 
under sodium illumination is due to 
the monochromatic nature of the l ight, 
according to H. A. Breeding, of the 
General Electric Illuminating Labora­
tory. The eye, in common with other 
lenses, actually focuses only one nar­
row wave or color band at a time. 
Other colors in the beam tend to fog 
the picture. Thus, minute details may 
be lost in examining an object under 
a light which contains all wave bands, 
in contrast to an examination of the 
same obj ect under monochromatic 
l ight which contains only one wave­
length. Also, a given amount of energy 
from sodium light produces several 
times as much illumination as the 
same amount of energy in white light. 

As in the case of sodium lighting for 
night safety driving, monochromatic 
light for microscopic inspection is 
most effective when spread uniformly 
over a large area rather than concen­
trated in small bright patches. In this 
way an undistorted view of both s ize 
and shape of flaws present is obtained. 
For most effective results, the level 
of the illumination should be com­
paratively high, especially when the 
contrast between flaw and surround­
ing material is low. 

It is helpful in searching for cracks 
and blow holes to treat the part with 

either a light-absorbing or light­
reflecting dye, the dye depending on 
the nature of the surface to be in­
spected. The dyed surface should be 
cleaned thoroughly before inspection. 
This procedure increases the contrast 
between flaw and object to the point 
where extremely small flaws can be 
detected. In all cases it has been found 
necessary to block out as much sun­
light as possible, in order not to de­
stroy the monochromatic nature of 
the sodium illumination. 

NO S L I P  

Safe Floor Surface 

Produced With Emery 

A M I XTURE of large and small sharp 
mineral emery particles has been made 
available by the Walter Maguire Com­
pany for addition to Portland cement 
and water. This mixture, applied on 
a concrete surface to a depth of an 
inch, or more results in complete slip­
proofing and a surface that will take 
heavy trucking wear. 

C L A M P  

Quick-Acting Design Holds 

On Straight, Tapered Surfaces 

T HE long screw of the standard type 
of clamp is replaced in the clamp 
shown in the illustration by a ratchet 
rod. In use, this clamp is placed in 
position, the ratchet rod is pushed 
down, and final tightening pressure is 

Letters are referred to in the text; 
inset shows spring - loaded ratchet 

applied by the short screw shown to 
the right in the illustration. 

The clamp includes two parts hinged 
together in an arrangement that pre­
vents slipping on tapered or irregu­
lar surfaces. In the illustration, A in­
dicates the spring-backed pawl, B the 
replaceable swivel in the end of the. 
ratchet rod, and C the point of appli­
cation of pressure by the screw D.  
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H ow G e rmany  D o e s  I t  

Powerfu l,  Compact Airplane Engine Has a Pre-Designed 

Cool ing System and Other IIBui lt- l nll Accessories 

A L E XA N D E R  K L E M I N  
Aviation Editor, Scientific American. 
Research Professor, Daniel Guggenheim 
School of Aeronautic., New York University 

THE most powerful and probably 
the best air-cooled aircraft engines 

in the world are built in the United 
States, but there is a good deal to be 
learned from the German twin-row 
engine, the B.M.W. 801A, which has 
been described in Flight and other 
English technical j ournals.  In the 
United States and in England we take 
an air-cooled engine and then fit to it 
cowling, cowling flaps, scoops, and 
other accessories. But the Germans 
have conceived the B.M.W. not just 
as an engine, but as a real power-plant 
unit, with pre-designed cooling and 
other accessories. As a result, the 
B.M.W. is surprisingly compact and 
dean, ,from an aerodynamic point of 
view. 

Within a diameter of only 52 inches 
and an overall length of only 58 inches, 
there is packed 1 580 horsepower at 
take-off ; 1460 horsepower at 16,300 
feet of altitude, and 1280 horsepower 
at 18,500 feet. Of course, the B.M.W. 
has neither the power nor the altitude 
characteristics of the P & W engine 
that is scheduled to equip the Republic 
Thunderbolt, but the packing of so 
much power in so small a volume IS  

IIV7ER.· CYLINDE/2 SAhU: 1iI1Nt; 
A77?1/t:NIt'D TO /MI. V£'  Je«IrJ>I! 8011F:J 

Partially cut-away view of the Ger · 
man B.M.W. engine, showing the coo l ­
ing fan  and two of the  cowl r ings 

none the less remarkable. To achieve 
this small overall diameter the cowling 
encircles the SO-inch diameter engine 
closely. It is supported by front and 
rear rings and an inter-cylinder baffle 
ring, all attached to the valve rocker 

boxes by means of rubber-bushed bolts. 
To make sure of cooling, particular­

ly during the take-off period, the Nazi 
designers have introduced another in­
novation. At the front end of the 
engine the cowling is faired down to 
shroud a 12·bladed magnesium-alloy 
fan of 32 inches diameter. The fan is 
driven from the engine at nearly twice 

12-8L.ADED FAN G£A�£,D 
ro C'/VINIt:..sH-4r7 

Gearing doubles the fan speed 

crankshaft speed, thus assuring an 
adequate air flow when the engine is 
running on the ground or in flight at 
slow speed. When the aircraft has 
a forward speed of 170 miles an hour, 
the fan is declutched and motored 
around by the air stream. At take-off 
there is a loss of 100 horsepower in 
running the fan, but this serious loss 
is more than offset by the positive 
air flow and the small-diameter, low­
drag cowling. Exit of the air is by 
way of two circumferential slots con­
trolled by a sliding ring and special 
mechanism gives uniform flow all 
through the engine and at exit. The 
air intake for the supercharger is 
completely inside the cowling and fed 
from the air delivered by the fan, 
which also helps in reducing head re­
sistance. By this combination of means, 
a smooth exterior of low aerodynamic 
drag is attained. 

Cylinders are arranged in staggered 
rows of seven each, with the lowest 
front and the uppermost rear arranged 
vertically. Details of construction are 
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.' Send for FREE UTERATURE 011 

C[.j M�INTS 
AN' TRADE MARKS 

n1 C. A.INO. 6 CO. �I Reg. Patent AttorneysSince l87' 
430 SNOW BLDG. WASHIIICTOII. D.C. 

Experimental and Model W ork 
PIne lDatrument. and PIne Machin,," 

Inventions Developed 
Spec1al .Toois. Dies, Gear CuttlDl. Bto. 

HENRY ZUHR, Inc., 1 87 Lafayett. St., N. Y. c. .  

A L N I C O W "-OAth." 
M A G N E T S  W;a 
I" x %" x 3/ 16" B A R  S 2 for so. 
21/4" x %" x lh" 2 for $1 .50 

LIFTERS - $2.00 - $3.00 - $4.00 
BLAN, 64-V5, Dey St., New York 

CAN YOU STAND 
THe SHOCK • • • 

Of the Next ten Years? 

Know What To Do . . .  
�nd When 'To ?Jo It! 

WHETHER you are a butcher, baker, or 
candlestick maker, your life isn't going to­
be the same. The most astounding trans­
formations-unexpected changes-are go­
ing to alter your ways of living in the next 
few years. Millions have been wanting a 
change-but few will  be ready for i t. 
Avoid the inevitable confusion, disillusion-
ment that will come. 

. 

Let the Rosicrucians show you how to­
develop your intuitive powers, your un­
suspected talents into new, useful abilities. 
Prepare to meet the demands that will be· 
made upon you. It will be too l�te to say, 
"I always thought- I  believed-We al· 
ways did it this way." 

Accept This Free Book 
The Rosicrucians are an age-old fraternity devoted' to helping man understand himself, and pointing 
out how he may adjust his capabilities to the· 
world in which he hves. They offer you a free 
copy of the fascinating book "The Mastery of 
Life . "  It will tell you in simple language how 
you can prepare yourself and your family for the· 
shock . head - and for self·sufficiency. Address : 
Scribe E. I. Z; 

fJlJe 'JV!sicrucians 
SAN JOSE (AMORe) CALIF., u. S. A. 

NOT a Religious Organization 
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New DRI-Am Powder draws 
excess moisture from air in 
damp basements. PROTECTS 
TOOLS and machinery against 
RUST. mold. mildew. Unit and 
1 0  lbs. DRI-AIR Powder. $5.50. 
f.  o .  b. Chicago. order Now I 
DEALERS WRITE! 

TAMMS SILICA CO. 
228 LaSalle St., Chicago, m. 

WANTED I One second-hand thermostati­
cally controlled constant temperature oven 
capable of adj ustment between the tempera­
tures of 1 0 0 · C. and I I O · C. For purchase 
by New York State Conservation Dep artment, 
Albany, N. Y. 

* BUY WAR BON DS * 
The Bina..,. Slide Rule 
equals a 20 Inch straight 
.lIde rule In precision. 
Has C. cr. A. K. Log, LLl ,  
LL2. L L 3 .  L L 4 ,  Binary, 
Glv •• Trig. functions to 
Add and Subtract Scale. 
I mlnut. from 0 to 90 
degr..... The engine-di­
vided scales are on white 
enameled nietal. Perma­
nently accurate. DiB. 8%,·, 
Large figures aDd gradu .. 
ations eliminate eyestrain. 
Exceptional vaJue and 

utility. Price w1th Instructions $5.00. cash or 
C.O.D. Durable case 80c extra. Circulars free. 
Your money back If you are not entirely satisfied. GlI.8I)n SUde Rule (lo., Stuart, Fla. 

Bllde RuZe Maker • •  inee 1915 . �I STUDY AT HOME for Per· 
sonal Success and Larger Earn­ings. 3 I years of successful 
student guidance assures exllert 
i n s t r u c t i o n .  LL.B. D e g r e e  . 
awarded. All text m aterial fur­
nished. Easy payment plan. Send 
for FREE BOOK-"Law and 
Executive Guidance, "  at ONCE. 

AMERICAN EXTENSION SCHOOL OF LAW 
Dept. SA- 1 2  8 East Huron St. Chicago, III.  

MAKE YOUR OWN 
TELESCOPE 

at a cost of leu 
than $25. 

working from Inexpensive, 
prepared kits of glass, abra­
sives, and pitch, and by fol­
lowing the practical detailed 
Instructions In 

"AMATEUR 
TELESCOPE MAKI IG" 
This beginner's book, from which 

more than 25,000 telescopes have 

been made by amateurs, gives ele­

mentary information on how to plan 

and bnild 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 SOO pages Profusely illustrated 
$4.00 postpaid, domestic $4.35 foreign 
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interesting and the whole design ap­
pears thoroughly workmanlike. It is' 
also interesting to learn that the ex­
haust pipes terminate in a flame damp­
ing fitting, but without shroud or 
screen to obscure glow. 

There is, of course, a drawback to 
this compactness, coupled with in­
herent complexity, and inside the cowl­
ing there is a mass of pipes and 
accessories, which gives an impression 
of complexity and of difficulties in 
maintenance. But perhaps the Ger­
mans do not intend maintenance work 
to be carried out on the engine until 
the power plant is dismounted. At any 
rate, our designers would do well to 
study every bit of information that 
may be available. 

F E A R  A N D  H A r E  

Dim inish and Increase 

With Conti n u ing Air Raids 

D R. V. L.  GRUBERG, writing in the 
English magazine, Flight, attempts 
to reduce the psychological value of 
the air raid to a formula and plots the 
intensity of various psychological 
factors against time. His conclusion 
is that with repetition of the raids, 
the curve ' of fear gradually descends 
while that for hatred rises. Apparently 
Dr. Gruberg's belief is substantiated 
by studies of the Spanish civil war 
and other conflicts, that the air raid 
makes the civil ian population hate so 
much that they are more determined 
than ever to continue the fight. That 
is precisely where the Germans made 
their great mistake. They thought 
they could reduce .  England by induc­
ing fear in the civilian population and 
failed. The British are on far sounder 
ground because their raids are pri­
marily for the destruction of war 
production establishments, and not for 
the killing of the civilian population, 
which is incidentaL-A. K. 

T H E  T H U N D E R B O LT 

Saves for Weight, Compares 

Favorably with German Fw. 1 90 

G ERMANY'S latest single-seater .fight­
er, the Focke-Wulf Fw. 190, of which 
we read quite frequently in the press, 
is equipped with the B.M.W. 801A, 
previously described in these columns.  

The Fw. 190 is remarkably clean. 
Owing to the compactness of the en­
gine, the fuselage does not show the 
somewhat "tubby" appearance which 
we note on fighters having engines of 
greater diameter. There is a total 
absence of excrescences to mar the 
beautiful line:=; of the ship. The Fw. 
190 is powerfully armed with four 
cannons and two machine guns. But, 

what is more remarkable, is the com­
pactness of dimensions. The span is 
only 34 feet, 5 inches ; the wing area 
is only 194 square feet ; the gross 
weight only 8580 pounds. With its 
powerful ,engine and relatively small 
size and its two-speed supercharger, 
the machine has a remarkable climb 
of 3000 feet a minute at a 4000 foot 
altitude, and at 18,000 feet, with the 
supercharger in high gear, the speed 
is 375 miles per hour. 

With greater speed, greater ceiling, 
more powerful armament, and more 
power in its engine, our Thunderbolt 
is certain to be more than a match 
for the Fw. 190. But the Thunderbolt 
is also . bigger, weighs 13,000 pounds, 
according to the New York Times, 
and is likely to be more heavily loaded 
per square foot of wing area. Our 
Thunderbolt will be immeasurably 
superior to the F ocke-W ulf at great 
altitudes. At medium altitudes it will 
be faster and more powerful, but 
greater weight also means less man­
euverability. We wish our Thunderbolt 
could retail all its fire power, all its 
armored protection, all its high ceiling 
characteristics, but be just a trifle 
l ighter and more meneuverable for 
moderate altitude fighting. But, in all 
probability, other of our ships already 
fill the gap perfectly.-A. K. 
A G E R M A N  V I E W  

Shows Striking Similarity 

in Research Work 

S OMEHOW or other, belligerent na­
tions secure each other's technical or 
scientific papers and study them with 
the closest attention. Thus, Flight, 
London, reprints with pride a paper on 
"Topical Aircraft Problems" read by 
Professor Dr.  lng. Gunther Bock be­
fore the Libenthal Society of Berlin, 
and in America the paper is  hailed 
with the same eagerness as in London. 
Yet nothing very novel is discover­
able. Apparently the Germans are 
thinking on similar l ines to ourselves. 

Thus, we have frequently mentioned 
in these columns that if the flow could 
remain laminar over the greater por­
tion of the wing, the drag could be 
very much reduced, and that the path 
of progress lay in so shaping the wing 
as to make the suction more uniform 
over the upper surface of the wing, 
so as to delay change from laminar 
to turbulent flow. Professor Bock ad­
vocates exactly the same line of re­
search. Another problem, according 
to the same German authority, is  to 
eliminate the windshield and blend 
very large windows into a streamline 
form. Such practice also coincides 
with ours. 

All the nations at war are seeking 
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No c riticol h igh-al loy steel in fittings or sta ndard pa rts 

greater power output than theil' ene­
mies : Let us quote from the German 
authority : "This effort has led, in 
Germany, to going over from the car­
buretor engine to the inj ection engine. 
On its passage through the carburetor, 
the air is, as is well known, throttled 
and therefore energy is removed. In 
the inj ection engine the carburetor i s  
omitted, and the fuel i s  inj ected direct 
into the cylinder on the induction 
stroke by special pumps. The throt­
tling losses of the carburetor therefore 
disappear, and we obtain, by going 
over to inj ection, an increase in power 
output of 4 to IO percent" 

The no-thrust radiator is agitating 
the Germans j ust as it is  us : "The air 
which passes through the radiator is 
heated and expands. On account of 
this, it leaves the radiator cowling 
with greater velocity than it would 
have in the case of a Cold radiator. 
This increase in speed produces a 
thrust, as in the case of a rocket." 

Considerable attention is given by 
the Germans, as by ourselves, to util­
izing the exhaust gas energy for super­
charging, and in general to utilizing 
exhaust gas efflux for producing thrust. 

All of this reads remarkably as if 
one of our own engineers had read a 
paper before the Institute of Aero·· 
nautical Sciences. It indicates that 
technologists everywhere are apt to 
tackle the same problems at about the 
same stage of evolution.-A . K. 

T R I M  T R A I N E R  

Ryan·bui l t  Plane M ade 

of "Ersatz" Materials 

T H E  Ryan PT-25 Military Primary 
Trainer is an excellent training plane, 
well adapted for its purpose in every 
way, and the result of many years 
experience in the construction of such 
aircraft . .  Powered with a six-cylinder 
opposed Lycoming air-cooled engine, 
it has speed and maneuverability. Both 
student pilot in the front cockpit and 
instructor in the rear cockpit enj oy 
excellent vision. 

But what is perhaps more impor­

tant at this time is the fact that the 
PT -25 dispenses with aluminum alloys 
and all other strategic materials, ex­
cept those which appear in the cowling 
and, of course, in the engine, which 
could hardly be built of wood. 

Moreover, the design is a splendid 
embodiment of the plastic-bonded ply­
wood construction which is assuming 
such great importance today. The 
smoothness of line has been obtained 
with a minimum of compound curved 
surfaces, so that a manufacturing 

P lywood and other "ersatz" materials 
play a big part in  wings and fuselage 

method is employed which does not 
require the use of ovens or baking, and 
cold·setting urea formaldehyde glues 
are used throughout. The fuselage is of 
the monocoque stressed skin type with 
ten bulkheads formed of laminated 
spruce, and is plywood covered. Al­
though well streamlined, the fuselage 
has such lines that manufacture is 
easy. A unique j ig allows the work­
man to go inside the j ig and unbolt the 
holding forms after fabrication, so that 
all that is then necessary is to slide 
the completed section off the j ig. One 
of our photographs shows a view 
of the wing construction. Each wing 
panel is built up from a single wood 
spar with wood ribs and a plywood­
covered nose torque box. Fabric covers 
the rest of the wing. This type of con­
struction reduces labor to a minimum 
and, because the weight of the wing 
is far forward along the chord, flutter 
is not l ikely. The simple construction is 
apparent from the photograph.-A . K. 
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I N V E N T O R S  
INDUSTRY NEEDS YOUR IDEAS NOW ! Manufac­
tUrers are getting ready NOW for post-war sales and 
production. Factories must have products to take up 
the slack after war orders stop. Get our NEW 
FREE inventor's book today and valuable "Inven­
tion Record" form. Act now. 

M c M O R ROW and B E R M A N ,  Reg istered Paten! Attorneys. 
1 753 Albee Building, Washington, D. C. 

Army Haversacks 
heavy canvas, 7% by 11 
inches, with pockets, second 
hand, with leather sling. 
Postpaid for 75 cents. 1940 
75th Anniversary catalog, 
30& pages, 2000 illustrations. 
mailed for 50 cents. 
1942 circular for 3c stamp. 

Francis Bannerman Sons 
501 Broadway, N .  Y. 

STEREO·MIRROR 

Even the best 
p h o t o g r a p h  
gives but a flat 
image of the 
subject it tries 
to reproduce. 
Looking at the 
s a m e  p h o t o  
with our device 

you forget the photo, the original 
subject is there in front of you. 
What a difference ! 

SENDING YOUR PHOTO WITH OUR 

DEVICE TO A LOVED ONE YOU ARE 

SURE TO APPEAR IN PERSON. 

Price $4.50 

N U -M IRROR COMPANY 

BRIDGEPORT, CONN. 

Home-Study Course in 
SEN D I NG and RECE IV ING 

. RADIO CODE 
- with all necessary instruc­tionl and practice material 

Just Out - Arthur R. Nilson's 
RADIO CODE MAN UAL 

Price, $2. 1 0, postpaid · 
A complete course in radio code - how 
to send and read it. Gives 20 lessons, 
beginning with simplest code characters 
and leading up to the handling of actual 
messages and press dispatches, weather 
reports, and distress messages. 
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SAorl-tItt Alolhemqlit'. 
C O M B I NED W I TH 

Pn:u:ficu/ Mechunit's ,6;ml'/;/;i?d 
NEW 2·ln· l reading course! l"iow 
� :�u!�a� ��1c�ia�?g�· u��P�� c:::=::11D1E=5 draftsmen. engineers. ac<'ountants. 
�n;a�le:asym�::'� O;:lll:�.y �tag:: �, � u .... by 4 ftgures without using old-Iaahloned mUIU

.
PIiC8tif?n ; add � 

lona columns 01 figures thiS l ight· G n�na &bort-cut met.hod_ Learn horse- 0 pow ..... aHderule. micrometer. log· G .rUhm&., wood measure. puzzles. 0 
�I� �i��e !�I��·�is�edorir�uTr 
=1?';e;3:i�rthti;�ur°rria�t��W:e ·i 6:m& mHltal powers. • � • .!"C;'6&�� detai ls ." " • mail I -:- X = 

.� .. . . ............. . . . . . . . . . . . ... . . . .  I 01 : Nelson Co . .  500 Sherman St. • + r 10 : g�t':�e �;��8, f��i����h:I��g� :,,
' ...; ___ ...;_.� : "Short·Cut Mathematics and : : Practical Mechanics Simplified. "  No Obligation. : 

� ::::s� ' : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : :  i 
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291 



I F  YOU R  BOY I N  CAMP IS  
A CAME RA FAN - S E N D  HIM T H E  

PHOTOGRAP H I C  

EXPOSURE COMPUTER 

Designed 
for the 

Army and 
Navy 

* 

I n  a 
Gift 

Envelope 

I t ' s  the perfect guide for ground and 
aerial photography. It is printed fr'om 
the same p l ates as the military edition, 
with a lighter weight cover material. 
Pocket size 3 14  x 5 .  Covers a wide range 
of light conditions for determining 
proper photograph i c  exposure. 

Mail Orders Filled 

1f2�M;J4 World's Largest Camera Store 
Built on Square Dealing 

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

Owners 01 
"AMATEUR TELESCOPE MAKI NG" 
who have been bitten deeply by the 

hobby bug of glass pushing will find 

a competent guide to advanced mirror 

technique, flat making, eyepiece work, 

telescope drives, aluminizing, observ· 

atories, and many other aspects of 

the optical hobby in the companion 

volume 

"AMATEUR TELESCOPE 
MAKING-ADVANCED" 
This is • IfIholl:r different book 

from "Amateur Telescope Making." 

650 pages 359 illustratioru 
Over 300,000 word6 

$5.00 postpaid, domestic 

$5.35 foreien 

SCIENTIFIC AMEiUCAN 

24 West 40th St., New York, N. Y. 
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CAM E RA AN G L ES 
Conducted by J A C O B  D E S C H I N , A .  R .  P .  S . 

Your Town in Wartime 

K EEP a picture diary of the changes 
going on in your town during the 

course of the war. It will be a valuable 
historical record not only for your own 
family and friends but, if well done, for 
the town itself. For example, this shot 
was made in Provincetown on Cape Cod, 
where the war has had a marked effect 
on the patteFl1 , .of the tow.n:s ..  "life., and 
ways. A Coast Guard training station 

"Them Coast Guard Fel lers" 

there has made Coast Guardsmen part of 
the regular population and restrictions 
due to wartime necessity have limited the 
fisherman's choice of fishing areas. Some­
thing of the natives' reaction to the change 
has been caught in this picture. 

Greeting Card Time 

C
HRISTMAS is on its way again and 
greeting card making is in order. 

This year greeting cards are more im­
portant than ever, particularly for the 
boys in the camps, and pictures will be 
appreciated by the fighting men more 
keenly. For the boys farthest from home 
and unable to get away for long enough 
periods to make the round trip to home 
and back to camp, pictures of family and 
friends will have a real meaning, like a 
visit from the folks. Whereas formerly a 
decorative scene of some sort did the 
trick fairly adequately, this year send 
faces. 

Expose Color for 
Shadows or H ighl ights'! 

T
HERE was a rule once, that seemed as 
fixed as fate, that one should expose for 

the shadows and let the highlights take 
care of themselves. Today, some doubt 
the accuracy of this and in certain quar­
ters It IS even suggested that we should 
expose for the highlights instead. How-

ever this may be for black and white, in 
color, where the range of illumination 
should never exceed four to one for rea· 
sonably good color rendition, it is ad­
visable to read the highlights. If we were 
to expose for the shadows in Kodachrome, 
our highlights would be washed out ; if 
we expose for the highlights, the shadows 
are rendered satisfactorily enough. The 
one exception to this rule might be the 
occasion .,when ' ,the shadows predominate 
and the highlights occupy only a small 
part of the scene. Then, obviously, our 
shadows should get the maj or attention 
and the exposure meter should be directed 
toward them to obtain the proper ex­
posure. 

Lantern-Slide Lectures 

N
OTHING can teach a fellow how to 

make better pictures so well as the 
constant observation of prints that have 
won salon recognition time and time 
again. Realizing this, the Metropolitan 
Camera Club Council, of New York, has 
instituted a proj ect under the direction 
of C. T. Boyles, A.R.P.S. ,  designed to 
provide camera clubs with lantern-slide 
lectures showing reproductions of prints 
that have been hung in outstanding 
American photographic salons. Construc­
tive criticism will accompany the prints. 
The photographing of the originals was 
done by ]. Ray Hoagland, first vice-presi· 
dent of the Council, and Ernest E 
Draper, technical advisor. 

Efficient Washing 

L
OOKS pretty, but is  it efficient ? OJ 

course not. The illustration is an ex· 
aggeration, naturally, but have you ever 
noticed how careless some folks are about 
washing roll film in tanks ? They let the 
water run in from the faucet and hope 
that somehow, willy-nilly, the films will 
get washed. The water has to get straight 

Pretty but futile 
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to the bottom of the tank and with enough 
force to drive the hypo out . .  The only 
way to do this effectively is to use a 
hose let down to near the bottom of the 
tank. The water will then force the hypo 
up over the top of the tank and out. 

Copying Rough Prints 

P
RINTS on rough or matt surfaces are 
difficult to copy because the results 

usually show the texture of the paper, 
making the copy a rather unsatisfactory 
j ob. One suggestion to avoid this is to 
rub the print down with a good coating 
of petroleum j elly (white Vaseline) . 
Apply the coating evenly. Illuminate the 
.print so that reflection is prevented and 
that even illumination is produced. The 
grain is greatly minimized if not 
eliminated entirely. The glazing action 
over the paper texture does the trick. 

Comparing Lens Apertures 

HERE'S a handy table ( Bell & Howell ) . 
which both movie and still fans should 

find useful. Comparing aperture f /2.5 with 
f/3.5, for example, we find that the co­
efficient of f/2.5 is .0.6 ; that of f/3.5 is . 12. 
The latter being double the former, the 
f /2.5 aperture is twice as fast as f /3.5. 
Figures starred represent the true, full 
�tops, each of which admits 100. percent 
more light than the next smaller true 
stop. For all practical purposes f /1 .5  i �  
equal to f/1 .4, and so on : 
Coefficient Coefficient 
of Illumi- of Illumi-

nation P Stops nation 
.0.1 * 1 .  .30. 
.0.2 * 1 .4 .31  
.0.3 1 .7  .40. 
.0.4 *2. .64 
.0.6 2.5 1 .21  
.0.7 2.7 1 .28 
.0.8 *2.8 2.56 
. 12 3.5 4.84 
. 16 *4. 5.29 
.20. 4.5 10..24 

Sunset Silhouette 

F Stop� 
5.5 

*5.6 
6.3 

*8. 
1 1 .  

* 1 1 .3 
*16 .  
22. 

*23. 
*32. 

O NE of the reasons for the failure of 
many sunset pictures is the lack of 

interesting foreground material . Choose 

"Hait i  Sunset" 

a viewpoint where you can include part 
of a boat, the wharf, or some other obj ect, 
place it appropriately in the picture area, 
and you have something far superior to 
the mere sunset shot, which includes only 
sky and water. 

Record I nto Pictorial 

THERE'S no law that says a record shot 
made for the sole purpose of illustrat­

ing a fact cannot also serve the uses of 
pictorialism. Take, for example, the pic­
ture of the girl drawing the bow string. 
This was one of a series of pictures made 

For record and solon 

to illustrate the technical details of arch­
ery. Most of the pictures in the proj ect 
were useful only as part of the complete 
set, but here and there opportunities pre­
sented themselves for special pictorial 
treatment. A print such as this, for ex­
ample, can be finished off in salon style . 
with toning and all the fixings . 

Prints on China 

H ERE'S an idea for those who have been 
wanting to print a picture on china 

or glassware. Chroma tone Stripping 
Paper, ordinarily employed in color 
printing, will serve for black-and-white 
printing as well. Make your print as 
usual, strip the emulsion from the base, 
then fix and wash as you would when 
making ordinary prints. Apply a coating 
of gelatine to the china, glass, or what­
ever, then mount the print. When per­
fectly dry, cover with a coat of clear 
waterproof varnish. 

Pictures for 
Reproduction 

A FAVORITE method with engravers in 
judging how a print will reproduce 

in a publication, is to look at the print 
with eyes half closed. This compresses 
the tone scale and reduces the values to 
somewhere near the tone range that can 
be expected in the reproduction. Delicate 
differences between highlights, for ex­
ample, tend to merge into a single tone, 
indicating that a new print should be made 
to show more contrast. 
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B ETT E R  PICTU RES 
A R E  EASY T O  TAKE . . . .  

• • •  if you know 

a few of the simple fundamental require­

ments. Once you find out how your cam­

era works, learn bow to make correct ex· 

pOlures, and master tbe basis of compo­

sition, your camera results will show im­

mediate improvement. You need not 

wade through
' 

text books, dry treatises, 

in order to obtain this information. Into 

uSo You Want to Take Better Pictures," 

the author, drawing on a varied experi� 

ence in photography, has packed just the 

things you need to know. Questions and 

problems have been anticipated, answered 

in detail, for the camera owner who has 

his developing and printing done at the 

photo shops. W rinen as a running story 

of your camera and bow best to use it. 

"So You Want To Take 

BETTER PICTURES" 

By A. P. PECK 
Auociate Editor, Scientific American 

per 
Copy 

( Plus 10 
cents postage) 

OTder diTect fTom 
M U N N  & CO., I NC. 

24 West 40th Street, N ew York City 

15,000 
FORMULAS 

• • • 

1077 
PAG ES 

• • • 

IN 

H OPKINS' 

"CYCLOPEDIA 

OF FORMU LAS" 

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

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

$5.50 postpaid ( DomestiC > 

Order From 

SCIENTIFIC  A M ERICAN 

24 West 40th Street, New York, N. Y.  
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DEFENSE <TRAINING SCHOOLS 
are usinq these practical avia­
tion books in their curricula 
Elementary Aerodynamics 
D. C. M. Hume $1.60 
144 pp. 54 Ulus. 

This book has been written for thE 
specific purpose of supplying the 
younger students of aeronautics with 
a concise and accurate outline of the 
essential science that lies behind the 
fact of mechanical flight, so that they 
may understand and appreciate the 
intensely interesting field of research 
and engineering that next awaits their 
attention. 

Aircraft Blueprint Readinq 
Almen & Mead $ 1 . 1 0  
1 2 7  pp. 
The first thorough going, practical 
book 'on this vital subject. Provides 
simple prints with complete explana. 
tion of the information they furnish 
and how it is furnished. As a text, it 
has found wide application and exten­
sive use among aircraft 8tudents. 

Practical Mathemat�cs of 
Aviation 
A. C. Downer 
1 24 pp. 

$ 1 . 1 0  

Here are the fundamentals of mathe­
matics applied to aviation problems­
for Vocational, Industrial Adult Train­
ing Courses. Has proved most useful 
to men preparing for jobs in aviation. 

Aircraft MaiDtenanc:� 
Brimm & Boqqess $2.60 
5 1 2  pp. 7 0 0  illus. 

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

Aircraft Enqine Maintenance 
Brimm & Boqqess $2.60 
47!1 pp. 500 illus. 

Sound and accurate enough for the 
most exacting engineer, simple and 
clear enough for the beginner, detailed 
and practical enough for the shop 
worker. Used as widely as its com­
panion volume above. The most com­
plete and comprehensive instruction 
book ever written on the maintenance 
of aircraft engine. 

Aircraft Inspection Methods 
N. Bartholomew $ 1 .35 
128 pp. 43  illus. 

The essential requirements of an air· 
worthy airplane presented simply and 
clearly for the student, mechanic, 
draftsman, instructor, inspector, and 
manufacturer of planes and materials. 
The text has been approved by mem­
bers of the Army and Navy Air Corps. 

Prices quoted include domestic 
postage. For foreign postage, 
add 25 cents. 

Order from 
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THE BOOK DEPARTMENT of Scientific American is canducted, with the 
co-operation of the Editors, to make ava i lable for you a comprehensive boak 
service. Each month the Editors select and review in these columns new baaks 
in a wide range of sc ientific and techn ical fields. In addition, they are ready 
at a l l  times to advise you regarding the best ava i lable books on any sub­
ject. You a re invited to use this service freely. Tel l  our Book Department 
what k ind of books you want and you will be furnished with a l ist of ava i l ­
a b l e  titles, including prices. W h e n  iuquir ing about books, please be specific; 
remember that we can be of the g reatest help only when you tell us just 
what you are looking  for. Books l isted in these columns may be ordered 
from our Book Deportment. 

PRACTICAL SHIP PROOUCTION 

By A.  W. Carmichael 

IN view of the achievements in the field of 
welding and in other phases of ship 

building, which have largely revolution­
ized construction of vessels, and because 
of need for more trained workers to meet 
requirements of our shipbuilding program, 
this book has been revised and brought 
up to date to provide practical help 
for those who engage in our vital mari­
time program. (283 pages, 6 by 9 inches, 
profusely diagrammed. ) -$3. 1O  postpaid. 
-A . D . R .• IV. 

THE CALCULATION OF ORBITS OF 
A STEROIDS AND COMETS 

By Kenneth P. Wil l iams 

F OR the beginner-in orbit calculation. 
Written by the professor of mathematics 

at Indiana University for student pro­
fessional astronomers. Advanced ama­
teur mathematicians having a well-lub­
ricated facility with trigonometry, an 
elementary comprehension of the formal 
astronomy of position, a world of patience 
and tenacity, and a ball-bearing brain, may 
also hope to learn this work. Other 
amateurs, curious to see just what this 
much-talked-of ( in whispers ) bogey looks 
like, may get a close-up through this 
book. (214  pages, 6% by 10 inches, 18  
illustrations. ) -$3.35 postpaid.-A . C. I. 

A M ERICA ORGA NIZES TO W I N  THE WAR 

A Handbcok on the American War Effort OMNIBUS, by such men as President 
Roosevelt, Vice-President Wallace, 

Secretary of Agriculture Wickard, Byron 
Price, David Cushman Coyle, Waldemar 
Kaempffert, Paul De Kruif, Winston 
Churchill, Professors Henry Stiele Com­
mager, Frederick L. Schuman, Max 
Lerner, and others. Each describes and 
discusses a phase of a nation preparing 
for war and at war with which he is fam­
iliar. (395 pages, 5� by 7% inches, 18  
graphs. ) -$2. 10 postpaid.-A . D .  R . ,  I V. 

BLUEPRINT FOR VICTORY 

By Homer B reH 

T
HIS may or may not be the work of a 
"typewriter strategist." It will be for 

the reader to determine for himself. Re­
gardless of the reaction, the book pre­
sents a strong challenge and an intense 
stimulation, whether or not reader is in 

accord with author, who confesses him­
self an "amateur strategist." (215  pages, 
5 by 7 � inches, index. ) -$1 .85 postpaid. 
-A.D.R., IV. 

MATHEMATICS DICTIONARY 

By DlenR Jamas and Robert C. Jamas 

A
BEL'S 1'HEOREM, affine transformation, 

amicable numbers, antilogarithm, 
arc-cosecant, asymptote-a dictionary of 
terms like this. Many of the definitions 
and discussions run to sufficient length­
quarter page, half page, whole page-as 
might j ustify the work's being called an 
encyClopedia. Content : Definitions of 
basic words and topic phrases used in 
textbooks of mathematics from arithmetic 
to calculus (259 pages ) ; formulas for 
solving triangles ; tables. Authors are 
respectively Associate Professor of Math­
ematics at University of California 
( UCLA ) and teaching fellow in the 
California Institute of Technology. The 
mathematically curious will discover here 
many mathematical curiosities to learn 
and enj oy. (281 pages, 6;;,( by 9 inches, 
numerous figures. ) - $3. 10  postpaid. -

A .  C. I .  

WEATHER A N D  THE OCEAN OF A I R  

B y  Major Wil l ialll Holmes Wenstrom 

T 
Hlj:RE are several good textbooks of 
meteorology, ranging from dull to 

readable-as textbooks. There also are 
numerous popular weather books, but 
most of these are superficial . Major 
Wenstrom, formerly with the United 
States Army Weather Service (where 
he took his weather science from a 
'plane ) , has successfully combined the 
good aspects of both. Result is a book 
which digs well into weather technicali­
ties, but does so very readably. He ex­
hibits a marked flair for lucid explaining. 
This book is solid and quite large, yet 
conversational-never dull . Aimed at 
solid readers-foresters, aviators, farmers, 
mariners, and other people who want to 
understand weather science and become 
their own amateur prognosticators. (484 
pages, 6 by 9 inches, illustrated. ) -$4.60 
postpaid.-A .C.I. 

SCIENCE AND SANITY 

By A lfred Korzybski 

N EW edition of a notable work on gen- . 
eral semantics, which first appeared 

in '33. "Korzybski spent ten years on this 
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book." savs Stuart Chase, author of a 
more popuiar book on semantics and word 
meaning, "raiding nearly every branch 
of science to find out how words behave, 
and why meaning is so often frustrated." 
Despite its abtruseness, it had a wide 
acceptance and sale, and is now one of 
the foundation legs of semantics. The 
author is a Polish engineer and mathe­
matician. Whoever studies this book­
and it isn't anything like light hammock 
reading-will have his thought processes 
well plowed and harrowed by it. ( 806 
pages, 6 by 9y,1 inches. ) -$6. 1 0  postpaid. 
-A .G.I. 

AVIATION DICTIONARY AND REFERENCE 
GUIDE, AERO THESAURUS 

By Harold E. Baughman 

T
HE second edition of this standard work 
has been largely revised and rearranged 

and has a very attractive appearance, with 
fine, clear illustrations and a considerable 
use of bold-faced type. It begins with 
definitions occupying well over two hun­
dred pages and constituting an excellent 
dictionary proper. A subsequent illus­
trated nomenclature is well and graphical­
ly prepared and covers the elements of 
construction, flight principles, and so on. 
A useful and well compiled reference 
book, which deserves a place in every 
aeronautical library. (Approximately 900 
pages and 200 illustrations. ) --$6.60 post­
paid.-A.K. 

WASH I NGTON IS LIKE THAT 

By Wil l iam M.  Kipl inger 

I
NTIMATE replies to what many people 
want to know about our Capital-per­

haps the capital of the world under pres­
ent-day conditions-and the people who 
live there, from the President to the ordi­
nary folk. Noted for his Washington 
newsletter, the author is equipped as is 
possibly no other writer to lift the top off 
the Capital for the benefit of the rest of 
us. Enlightening ; entertaining ;  revealing ; 
frequently startling. (522 pages, 50 by 
80 inches) .--$3.60 postpaid.-A.D.R., IV� 

IUTLINES OF GEOLOGY 

By Longwell, KlOpf, Fl int, Schuchert, and 
Danbar 

C
OMPLETE, · rounded coverage of earth 

science, both physical and historical­
textbook, reading book, and reference. 
Geology is a science which the reader can 
pursue outside of classrooms without det­
riment, for the earth features he sees on 
tramps and trips are his instructors. Those 
who do not understand geology inevitably 
miss much that the geologist sees in earth 
features everywhere as he travels about. 
The historical section of this compendium 
unfolds the vast sweep of geologic time, 
era by era, period by period, through over 
a billion years and includes the full story 
of organic evolution. The physical section 
explains all earth features and phen­
omena. The treatment also includes min­
eralogy, glacial geology, engineering 
geology. This textbook does not suffer in 
readability by comparison with popular 

The 
E ditors 
Recommend 
Best S ellers i n  Science' 

JANE'S FI GHTING SHIPS. 1941. Thi. i. tho 
latest edition of the world-famed London authority on 
all world navies. Contains discussions, data, photo­
graphs, silhouettes, detaiIe of construction. Now� 
more than ever before, this is a "must" reference 
for all who have naval interests. 819.00 

JANE'S ALL THE WORLD'S AIRCRAFT-1941 
�om.piled "nd Edit.d by Leonard Britlll1f&GRo 
Development of civil aviation, details of the fiying 
.ervices, data on modem airplanes (illustrated by 
photos and drawings, with specifications and per­
formance figures) , types of engines, airships. All 
oationa are covered. 819.00 

THE LATHE MANUAL - lob. on the engine lathe. 
the tunet lathe, and the hand screw machine are 
thoroughly covered. Also how to lay out work for 
center drilling and how to grind lathe tooll. Widely 
used in iDduatrial and trade schools. 81.46 

GET TOUGH ! - By Cap" W. E. Fairbairn. 
How-to-win-in -hand-to-hand·fighting directi.onl, by a 
man who really knows rough- and-tumble methods 
that are not "clean" fighting hut Gre ' d esigned to 
win. ' 1 . 1 0  

PLANE TRIGONOMETRY MADE PLAIN - By 
A.lller. B. Carson. The emphasis in this book, by 
an author who has tried to make the subj ect CI 
painless aa p ossible, is on practical applications rather 
than on mental gymnastics. A good book for the 
hom.e user whe wants to brush.up on trig. $2.85 

INDUSTRIAL CAMOUFLAGE MANUAL - By 
Konrad F. Whittmann. A detailed report on thie 
significant war technique, based on experiments and 
experiences in classroome and laboratories where an 
Industrial Camouflage Program has been llnderway for 
two years. '4. 1 0  

FUNDAMENTALS OF RADIO - B y  lorda". 
08lerbrock, Pumphery, and. Smeby. With this 
one volume alone, and with some diligence of applica. 
tion, it is possible to obtain a thorough grounding 
in radio principles. In thoroughness of treatment, 
with due respect for the needs of the reader, this 
book is outstanding. 85.10 

THE TRISECTION PROBLEM - By Rober. C. 
I'lIte •• Embodies mathematician's answer to would ·be 
trisector. Gives chief dependable data on thil never· 
ending dispute. Compact, crisp, concise. $ 1 . 1 0  

ELEMENTS OF ORDNANCE - A textbook pre· 
pared for cadetl of the United States Military Acad­
emy. COTers manufacture, the chemistry of explosives, 
types of weapons, mathematics of ballistics, etc . 

$6.60 

AIRCRAFT INSTRUMENTS - By George EIII, 
Irl1I",. All types of instruments for aircraft use de· 
scribed for ' students, pilots, inspectors. Fundamentals, 
I n stTBctions. '5.10 

FIRE FROM THE AIR - By I. Enrique Zanetli. 
Pertinen.t facts regarding incendiary bombs. Hiltory, 
modem types, materials, and the strategy and tactics 
of their use in modern warfare. $.60 

M�CHINERY'S HANDBOOK-Ele"e,,'" Edition. 
uBible of the mechanical industry," enlarged to 
1815 pages of latest Itandards, data, and information 
required d�!ly in the shop and drafting room. '6.10 
PROCEDURES IN EXPERIMENTAL PHYSICS -
By lohn Strong, Ph.D. A wealth of useful data of 
a practical kind for the constructor, experimenter, 
and skilled craftsman. $6.80 

STEEL SQUARE POCKET BOOK - By Dwigh, 
L. Stoddard. Practical methods of using the car­
penter's steel square for layout work of all kind •• 
Time· tried methods used by two generations of car· 
penters and found both rapid and accurate� 81.00 
MATHEMATICS - ITS MAGIC AND MASTERY 
- By Aaron BtJkst� Investment in approach to 
algebra, geometry, trigonometry, with time-lavers. 

$4. 1 0  

WORKING WITH T H E  MICROSCOPE - By 
lulian D. Corrington. For the serious heginner. 
Explicit, practical. $3.60 
TOOL MAKING - By C. B. Cole. In.truction. for 
making and using all kinds, from personal tooll to 
arbor presses, lathes, planers, etc., in different metall. 

$8 .68 

THE ELECTRON MICROSCOPE - By Bur'on 
lind Kohl. A well·written accollnt of this newest 
tool of science, with all technicalities u:plained for 
complete understanding by average persons. 83.95 

SOILLESS GROWTH OF PLANTS - By Ell" 
and Swaney. Complete information on tank farming, 
with formulas for solution and instructions for pre­
paring tanks and other c ontainers. $2.85 

MILITARY BASIC COURSE - By Cap" Fran1c 
%. Cruik.hank. Complete story of Army opera­
tions in handy pocket volume. Fabrikoid binding •• I.BS 

A MARRIAGE MANUAL - By Hannah M. S.o ..... 
M.D., and Abraltam Slone, M.D. A practical 
guide to sex and marriage, covering fitness for mar­
riage, mechanism of reproduction, prevention of COB­
ception, and similar vital subjects. Answers questions 
most often asked the8e authors by their cODsultants. 

$2.60 

THE ADVANCING FRONT OF MEDICINE. By 
George JJI'. Gray - Summary of the high points of 
our present-day knowledge of the nature of disease : 
Alimentation, high blood pressure, the sulfa drugs, 
influenza, aIJergy, insanity, sleep, pain, drink, smok· 
ing, anxiety, cancer, aging. A truthful picture ot 
the status of medicin e. '8.10 

AUTOMATIC ARMS - By Melvin M. lo",..on 
and Charles T. Haven. Comprehenlively covers 
machine guns, machine rifles, sub-machine gunl, 
pocket pistols, shotguns, sporting, military rifles in 
automatic classifi cation . 85.10 

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

HANDBOOK OF CHEMISTRY AND PHYSICS -
A .  classic reference book recently revised and brought 
up· to-date to keep pace with recent. research. .In­
cludes material on all branches of chemistry, physics, 
and allied sciences. Used in laboratories and by 
engineers throughout the country. Flexible binding, 
2503 pages. $3.60 
ATOMIC ARTILLERY - By lohn Kellock 
Robertson. Electrons, protons, positrons, photeD., 
neutrons, and cosmic rays, all described for the 
layman in plain language. Also transmutation of the 
elements and the manufacture of artifi cial radio. 
activity. '2.35 

• The above prices .ar� postpaid In the United State.. Add, on foreign orders, • 2S¢ for postap on each book, except 88 Doted. 
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treatises, and anyone can readily under ­
stand it. Beyond cavil in authenticity, it� 
five authors being professors of geology 
at Yale. A book like this does not soon 
obsolesce like those of some other 
sciences, geology being relatively fixed. 
Therefore, a good investment- especially 
as the price of this fat volume is about 
one third under cent-a-page average 
of book prices. ( 672 pages, 6 by 9 
inches, 458 illustrations. ) -$4.10 post­
paid.-A.C.I. 

SUBMARINES 

By Herbert S. Zim 

U
P-TO-DATE story of the modern sub­

marine, its weapons, strategy, and 
enemies, told as completely as is com · 
patible with public safety. Developmen. 
from earliest experiments ; scientific prin 
ciples of control ; training required fOl 
underseas service ; and life aboard sub 
mersibles. ( 306 pages, 5� by 8� 
inches, 91 illustrations. ) -$3.10  postpaid 
-A .D.R., IV. 

SEX EDUCATION IN H IGH SCHOOLS 

By John Ne�on Baker 

S
YSTEMATIC exploration, not of sex edu 
cation itself or even of sex, but of th .. 

question of sex education in high schooh 
Valuable to citizens who wish either t( , 
agitate for such education in their own 
communities or to look into the question 
themselves. This is a survey of the ex­
periences of high schools in the course� 
they have already given, the technique 
used, the opposition encountered, and the 
effects of the courses. The author favon 
this form of education. ( 1 55 pages, 5 b�' 
7}8 inches, 2 figures. ) -$2.10  postpaid.­
A. C. I. 

FI RST A I D-SURGICAL AND M EDICAL 

By Warren H.  Cole,  M.D., F.A.C.S., and 
Charles B.  Puestow, B.S.,  M.S., M.D., P".D .. 
F.A.C.S. 

A N excellent and most complete treatis� 
on this subj ect by two eminentl) 

competent medical writers, assisted by al1 
imposing list of contributing authors. Fal 
from being an ordinary "First Aid Man­
ual," this publication is usable as a ref ­
erence volume, as well as a course il1 
what to do when an emergency of an> 
kind arises. (351  pages, 5 �  by 80 inche�. 
thoroughly illustrated. ) -$3. 10  postpai<l 
-A.D.R., I V. 

THE MEN WHO MAKE THE FUTURE 

By B ruce Bl iven 

R
EsULT of a year's attempt by the 

editor of The New Republic to teach 
himself science. To teach yourself science . 
write a book about it. This forces you 
to dig deep, check every minutest detail 
and work out precise, not merely approxi ­
mate, statements of fact. It is no secret 
that many professional scientists do popu 
lar writing because this forces them 1< , 
clarify their own minds. Popular writin/o! 
is more difficult than technical writing . 
not the reverse. In his tour de force thh 
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author came to see many things in the 
world of science with a fresh and there­
fore a refreshing point of view. Instruc­
tive, easy, and good reading about gen­
etics, vitamins, the riddle of life, viruses, 
plant breeding, atomic research, astron­
omy, inventions, science in war. (325 
pages, 5% by 8% inches, unillustrated. ) 
-$3.10 postpaid.-A. G. I. 

WHO'S WHO IN AVIATION 

C
OMPILED by the Writers' Program of 
the W.P.A. and co-sponsored by the 

[llinois Aeronautics Commission and the 
Chicago Aero Commission, this is un­
doubtedly the best arranged, largest, and 
most complete "Who's Who in Aviation" 
ever produced. Bibliographical notes are 
neither too short nor too long, are care­
fully compiled, and contain all the in­
formation likely to be needed, regarding 
personal and professional history. The 
chronological mentions are excellent. In­
clusions are catholic, but well j ustified. 
"Who's Who in Aviation" is timely, will 
be well received and used by great num­
bers of people now interested in aviation. 
(486 pages. ) -$5. l0  postpaid.-A. K. 

ATTACK 

By F. O. Miksche 

A
FTER many years in the Czechoslo­
vakian Regular Army, service as 

itaff and artillery officer of Spanish Re­
publican Army, author is now serving 
with detachment of Czechoslovakian vol­
'Jnteers somewhere in England, and in this 
book he uncompromisingly champions the 
doctrine of attack. A realistic study of 
modern warfare, it stresses the technique 
of the lightning offensive as developed and 
\lsed by the Germans and offers an in­
valuable commentary on the strategy of 
challenging Hitler with an expendition­
ary force landed in Western Europe. (267 
pages, 5% by 8 inches,  indexed, numer­
,>us diagrams. ) -$2.60 postpaid.-A.D.R. 

THE STONE THAT BURNS 

By Wil l iams Haynes 

I
NTIMATE story of the beginning, rise, 
growth, and . present-day vigor of the 

industrially important sulfur industry. 
The reader will carry away a pretty good 
background knowledge of the whole in­
dustry, its prominent personnel and the 
processes employed in it. Not, of course, 
a highly technical work, but far from 
superficial. ( 345 pages, 5% by 8% inches. 
illustrations. ) -$3.85 postpaid.-A. G. T. 

PLANT PROTECTION 

By E. A .  Shurman 

T
HIS volume, by the Chief of Protection 
of The Glenn L. Martin Company, and 

one-time member of the United States 
Secret Service, contains all necessary in­
formation for those who would either 
establish or belong to an individual plant 
protective organization. Personnel, its in­
vestigation, character, organization and 
conduct ; records, equipment, authority, 
training ; arms and ammunition, badges 
and cards, passes and inspection of vehi-

des and persons are some of the more 
important subj ects covered. Complete. 
Timely. ( 148 pages, 4:)4 by 7:x1 inches. 
Many illustrations ; index. ) -$2.10 post- . 
paid.-A.D.R . . I V. 

INTROOUCTORY COLLEGE CHEMISTRY 

By Horace G. Deming and B. Cl ifford 
Hendricks 

S
ECOND edition of a standard work by 

two professors of chemistry at the 
University of Nebraska. Outside readers 
might use it as a study source, though 
without collateral laboratory work they 
would be somewhat hampered. It bears 
directly on the various chemical industries 
and is practical in that it freely discusses 
and explains them. ( 521  pages, 6 by 9 
inches, 176 illustrations. ) -$3. 1O  postpaid. 
-A. G. I. 

STRATEGIC M ATERIALS IN H E M I SPHERE 
DEFENSE 

By M.  S. Hessel, W. J. M u rphy, 
and F. A. Hessel 

A CLEAR presentation of the complex 
supply problem of the 14 strategic 

and 15 critical materials on the Army's 
list ; their past, present, and potential 
sources ; their uses and our needs. Trans­
lation of vital statistics and figures, 
through pictographic diagrams, brings the 
problems of these, as well as consumer 
goods, and the effects of our times on 
their continued supplies, vividly home to 
the average citizen. (235 pages, 5 by 8 
inches, illustrated. ) - $2.60 postpaid. ­
A .D.R., I V. 

H OW TO GROW FOOD FOR YOUR FAMILY 

By Samuel R. Ogden 

P
RACTICAL guide for townsmen, writ­
ten by a former townsman who moved 

to the country ( Vermont) 12 years ago 
and grew food for his family-no "fancy" 
gardening-on a typical 50 by 75 foot 
plot. These circumstances combine the 
townsman's point of view with the knowl­
edge gained from a lengthy experience. 
He tells the townsman what he will need 
to know to do the same. Good subject 
to study up this winter. ( 139 pages, 6 by 
9 inches, illustrated.) -$2. 1O postpaid.­
A. G. I. 

THEY WERE EXPENDABLE 

By W. L. White 

T
HIS, the story of Lieutenant Command­
er Bulkeley, of Bataan fame, his bud­

dies, the thousands of brave Americans 
and Filipinos, is something all of us 
should read not once, but many times. 
Men like Bulkeley and his comrades sacri­
fice themselves as "expendables" for the 
reason, as one lad says in the book, "that 
those few minutes gained are worth the 
life of a man to the army. So you don't 
mind it until you come back here where 
people waste hours and days and some­
times weeks, when you've seen your 
friends give their lives to save minutes." 
Imperative ! (209 pages, 5:x1 by 8 inches. )  
-$2. 10  postpaid.-A.D.R., IV.  
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N ew Edition "Procedure Handbook of 
Arc Welding." Bi gger than ever. Wider in 
scope . Latest information on all phases of 
arc welding-the ace process of w ar pro· 
duction and key to progress and increased 
earning power in post-war era. 

Authoritative. Recognized the world over 
as the "bible" on arc welding design and 
practice. Many thousands in use by weld· 
ers, designers, engineers and shop man· 
agers. Standard text in hundreds of schools 
and colleges. 

1 308 pages . 1 8 1 0  i l l ustrations 
Size 6 "  x 9/1 X 13/4" 

A $5.00 Value $15 0  po�t. 
tor only _ paid 

($2.00 outside U. S.) 
Ord e r  your copy today. 

Mail order and check to 
SC I EN T I F I C  AME R I CAN 

24 W. 40th Street 

New York City, N. Y. 

For Scientific and Technical Books 

Try our BOOK DEPARTMENT 

SCIENTIFIC AMERICAN 

ElECTRICIANS 

FREE WITH ENCYCLOPEDIA 
One year of personal 
technical ad vice from 
our staff of instructors 
-on any Elec t r i c a l  o r  
R a d i o  s u b j e c t. ACT 

N O W  and we'll include 
Certifiea te eoti tHng you 
to Technical Service by 
mail for one year after you 
purchase encyclopedia. 
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Your Job Better. Serve 
YourCountry. Get this ••• 

- pr e  
perts. Used 
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radio men, air 
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etc. EASY. COMPLETE. 
Covers everything Elec­
trical :  Armature winding, 
A. C. & D. C. Motors, gen� 
erators, electronics. auto­
motive electricity. refriger­
ation, etc .• etc. Answers your 
electrical Questions quickly, 
clearly. completelY. Also in­
cludes RaDio, Television. 

SEE THEM RISK FREE 
You don't have to risk a 
penny. To get your set 
promptly. just mail coupon. 
Examine books 7 days risk 
free. M a i l  coupon DOW. LIMITED OFFER. 
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TELESCOPTICS 
A Mon th ly Depa rtment for the Ama teur Telescope Ma ker 

Conducted by ALBERT G. I N GALLS 
Editor of the Scientific American books "Amateur Telescope Making" 

and "Amateur Telescope Making-Advanced" 

I N THIS department, in our September 
number, we showed a photograph of 

the huge worm wheel for the R. A. drive 
of the 200" telescope. Through the cour­
tesy of Modern Machine Shop, Cincin­
nati, we make available to our readers 
an account, written by Robert Clark, of 
the exceedingly refined and prolonged job 
of cutting the teeth on the gear within a 
tolerance of one second of arc ( 1 1 1 ,296,-
000 of a circle) .  

Only once in the history of gear cutting 
has there been any record of the cutting 
of a worm gear weighing ten tons, having 
720 - �-pitch teeth within an overall 
tolerance of 0.0001" .  To three men go 
the credit for this feat ; Mr. G. Sher­
burne, Superintendent of the Astrophy­
sics Machine Shop at the California 
Institute of Technology, and his assis­
tants, Mr. Tom Weir and Mr. Lawrence 
Sills, machinists. 

The gear, one of three identical gears 
cut, is used to drive the mechanism which 
positions the 200" telescope. 

The architect's drawing ( Figure 1 )  
shows a cross-section of two of the gears 
which are employed to position the tele­
scope in right ascension. One of the gears 
makes it possible to move the telescope 
quickly in making a setup ; the other is 
the final gear in a set which swings the 
telescope at the exceedingly slow speed re­
quired to follow a star. 

The drive gear, which is  14'3" diameter, 
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is of cast iron with 0.25 percent of molyb­
denum added to give it the necessary 200 
Brinnell hardness. 

One of the initial problems was the 
design of a support for the blank which 
would make it possible to keep the side 
play down to the error allowance of 
0.0001 "  while the teeth were being cut. 
The first j ob, then, was to construct a 
bearing and spindle that would meet these 
requirements. This was done by machin­
ing the spindle so that it had two tapered 
surfaces-one near the top, the other near 
the bottom-that were lapped into two 
tapered bearings which were made to take 
them. 

A small pilot shaft at the end of the 
spindle rested on a special thrust bearing 
which could be adj usted. By slightly 
raising the spindle and gear, the coefficient 
of friction could be lessened to prevent the 
spindle from freezing in its tapered bear­
ings, although, even with this' setup, the 
matter of lubrication to the spindle caused 
considerable trouble. Even the lightest 
oil film would permit side play of more 
than 0.0001" .  Indeed, the capillary action 
of the light oil was sufficient to raise the 
spindle, gear, and structure-weighing 
more than 10 tons- as much as 0.0001" .  
The vertical movement was not of  much 
importance, but the side play was. How­
ever, by the expedient of machining facets 
in the tapered sections of the spindle, the 
error caused by the oil film was elimi-

Figure 7 :  Left : 
The d rive 

in r ight aseen· 
s ion 

Figure 2:  Right:  
Position ing  

the teeth with 
buttons 

nated to within the tolerance allowed. 
Adequate temperature control could be 

obtained only by the construction of a 
room about the whole j ob. Air condi­
tioning equipment was then installed, 
with which the temperature of the room 
could be controlled within plus or minus 
1 0  F. When ready to run, the room tem­
perature was maintained at 74· to 76° .  

Calculations that had been made showed 
than any equipment for indexing, if placed 
upon the gear blank itself, would devel­
op a warping action due to the stresses 
set up by the cutting, and thus would 
ruin the accuracy of the j ob. To elim­
inate this difficulty, an auxiliary plate of 
approximately the same diameter as the 
gear was made and securely bolted to 
the blank so that measurements could be 
taken from it for the milling operation. 

In order to space the teeth properly, 
buttons of hardened tool steel, ground to 
within 0.000 1 "  of a given size, were 
mounted on the plate. Dial gages were 
then used to ensure perfect location. 

[Note by Ed., Scientific American.­
These "buttons," from here on frequently 
referred to, are the "toolmakers' but­
tons" which are familiar to mechanics. 
\iVhenever high-precision accuracy in the 
positioning of a cutting or grinding op­
eration is cal led for, methods such as 
making marks by ordinary measuring are 
not sufficiently close. There must be some 
additional method of "correcting the aim" 
by a series of closer and closer approxi­
mations. This is done by the use of 
"toolmakers' buttons." First, the point is 
determined as closely as possible by ordi­
nary methods. A center-punch mark is 
made and a hole is drilled and threaded. 
The button, a small steel cylinder ( sev­
eral of which show in Figures 2 and 4)  
having a vertical, central hole, is then 
attached by means of a machine-screw. 
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Figure 3: C utti ng the teeth 

The hole in the button is purposely made 
larger than the machine-screw, so that 
the button will have side play. If, now, 
the screw is adj usted j ust snugly, but 
not too tight, the button may still · be 
shifted in position within small but suffi­
cient limits. This is done by delicately 
tapping on its side with a light tool. When 
the final measurement, made in the pres­
ent instance by means of a long tram 
rod, or trammel, indicates that the but­
ton is positioned as closely as possible, 
the screw is set up, and the machine is 
adjusted to cut in relation to this button, 
the button itself being then removed to 
permit completion of the operation. Since 
the dimension of the button enters into 
the measurements and calculations, this 
must of course be accurately known.] 

The process of locating the buttons on 
the button plate presented some interest­
ing problems. The placing of the first 
one was, of course, easy, but locating the 
second one, which was to be 180· away, 
was another matter. All the buttons were 
mounted on an eccentric, which allowed 
them to be adj usted slightly. The second 
button was roughly located with the aid 
of a straight-edge lined up across the 
center of the plate to within perhaps 
0.004" to 0.005".  Then the slow, tedious 
task of adjusting the buttons at points 
exactly 180· apart, within 0.0001" ,  began. 

Two dial indicators graduated to 
0.0001 "  had already been set up 1800 
apart, positioned on ground ways. The 
first indicator was adj usted to the leading 
edge of the first button, and set to read 
zero. The second indicator was then set 
on the second button and set to read 
zero. Then the gear was revolved 180· 
and new readings were taken. Of course, 
the readings were off. 

The buttons were then adj usted to 
compensate for the error, as closely as 
it could be j udged, and the gear was re­
volved again. The error was less the 
second time, but still over the allowable 
limit. Again the buttons were adj usted 
and again the gear was revolved the 180 · .  
After many more trials and adjust­
ments, the buttons were spaced within the 
allowable limits. 

Now came the problem of locating the 
second set of buttons at the 90 · positions. 

COMPLETE H IGH-GRAD E  KITS OUR SPECIAL TV 
Each kit has two glass discs ( correct 
thickness ) tempered pitch, ,8 a,ssorted 
abrasives ( fewer may Dot give perfect 
optical surface) ,  rouge, instructions, 
FREE ALUMINIZED DIAGONAL 
etc. 

P O L I S H I N G  and PARABOLIZI N G  

MIRRORS, a l l  .ize. made to order. 

4" Kit $2.95 ( Pyrex, $4.00 ) 
6" Kit 3.75 ( Pyrex, 5 . 5 0 )  
8 "  Kit 6 . 5 0  ( Pyrex, 8.00 ) 

1 0 " Kit 9.95 ( Pyrex, 1 3 .95 ) 
1 2 "  Kit 14.75 ( Pyrex, 22.5 0 )  

A L U M I N I Z I N G  
A harder · and brighter aluminum 
coating that is uniform and produc.s 
a lasting and superior reflecting sur-­
face. Guaranteed not to peel CK 
b lister. 

6" . . . . . . . . . . . . . $2.50 
8" . . . . . . . . . . . . .  $3.50 
1 0" . . . . .  ; . . . . . .  $5.00 

Mirrors for Cameras, Range Finders 
and other optical instruments. 

Write for FREE ILLUSTRATED CATALOGUE 

T H E  P R E C I S I O N  O P T I C A L  C O . 
, ' .  I i IOO� ,EAST l�d ST�T I ' " NEW YORK. N. Y. . , ' I 

Surface Hardened 
ALUMINIZED 

Coatings 
are uniformly superior in reflectivity and 
improve the performance of telescope mIr­
rors, p risms, diagonals, camera mirrors. 
range finder mirrors and other optical front 
surface mirrors. 

The,se Surface Hardened Coatings are used 
in some o f  the largest observatories on 
mirrors which are famous throughout the 
world. Have your mirrors coated with the 
best. 

Price s :  4"-$ 1 .75,  6"-$2.50, 8"-$3.50,  
1 0 "-$5.00 and 12 Y2 "-$8.00 . . Up to 3 6 "  
on request. 

LEROY M. E. CLAUSING 
5507 Lincoln Ave. Ch icago, I I I .  

M ECHA N ICS, MACH I N E  
DESIGNERS, INVENTORS 

should have at their fingertips 

T H E  E NG I N E E R'S SKETCH·BOOK 
OF M EC H A N I CA L  M OVE M E N TS 

By Thomas W. Barber 
Not a treatise on machine design, 
nor an instruction book on construc· 
tion, but an imposing omnium 
gatherum of classified drawings in 
truly astonishing number and vari­
ety ( 2987 of them ) of basic elements 
of mechanical and structural com­
position from which to select the 
various details required to build up 
a given piece of mechanism. It has 
had a long and wide sale. 

$4.45 postpaid 
Order From SCIENTI FIC  AMERICA N  
24 West 40th Street, N e w  York, N.  Y. 

C�_ . aJJJ �SCo 
Popular Illustrated 

Astronomical Monthly 
Currently featuring a series of article. on navi· 
gation. Foe amateur astronomers - star cbarts, 
Gleanings for telescope makers, page fo� 
observers, and celestial photographs. 

$2 a year, domestic ; $ 2 . 5 0  foreigD 

Single copy, 20 cents. 

SAMPLE COPY ON REQUEST 
SKY PUBLISHING COBPOBATIOlf 

Harvard Observatory, Cambridqe, Ma ... 

KITS  O U R  S P E C IALTY 
4 "  kit $ 2.95 Pyrex $ 4.25 
6" kit 3.75 Pyrex 5.50 
8" kit 6.75 Pyrex 8.50 

1 0 "  kit 9.95 Pyrex 13.95 
1 2 "  kit . 14.75 Pyrex 24.00 
Kits contain 2 gla.. disc., 8 grade. of .brati .... 
( fewer do not insure an optically perfect eurfaee) .  
reuge, pitch or beeswax, and inlt�i1criob •• 

M one'Y·bdclr guarantee that 
' THESE KITS ARE SECOND TO NONB 

REGARDLESS OP PRICB 

PYREX MIRRORS 

Made to order, correctly figured, polisb�, ud 
parab.lized. Precise wockmanship guaranteed. 
Price. on request. 

WE DO POLISHING, PARA BOLIZING AND 

ALU M I N IZING 
( Send for our NEW, ENLARGED. aDd ILLUS. 

TRA TED catalogue. )  

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

T E L E S C O P E  M A K E R S  • • • •  

Important Announcement!  
W e  have only a few more excellent I "  eyepieces. N o  olher powerl 
and no more eyepiece lenses will be available until after ·.the war. 
HOWEVER amateurs may make their own eyepieces of excelleDt 
quality using our Lens Grinder and fragments of mirror or wind· 
shield glass. You will find this as fascinating a hobby as the more 
common one. of telescope mirror making. Our grinder can be drivea 
by either a small motor or by hand with a "bow". 

Revised hobbygraph (�Lens Making" 3 0 1t .  
Lens Grinder without motor $5.00 

We offer as in the past advice and materials based on our 2 3  
years experience. O u r  S 5 .00 set consists of glass, abrasives, piech. 
rouge, and instructions for making a 6" telescope. All materiah 
are of Pierce quality and a supply of our famous zt6 grit for 
finish grinding is included. This Hsuper" abrasive materially 
shortens polishing time. Write for catalogue of supplies. 

John M. Pierce 1 1  Harvard St. Springfield, Vermont 
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TECHN IQUE OF PLYWOOD 
B y  CHARLES B. NORR I S  

Plywood demand is skyrocketing in 
the production of wartime housing, 
airplanes, boats, and other defense 
needs, yet specific information on the 
material itself is difficult to find. Here, 
between the covers of a plastic-bound 
book, has been gathered technical in­
formation on all phases of plywood 
manufacture, specially written for en­
gineers, designers, and users of ply­
wood. ( 249 pages, 5 by 7� inches, 
tables and drawings. ) -$2.50 postpaid. 

FOR SALE BY 

SCIENTIFIC AMERICAN 
24 W. 40th St. New York City 
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Special," popular standby 
of over 20,000 cigar smok. 
ers, is one of our outstand. 
ing values. This famous a l l. 
hand·made cigar is expertly 
blended of fine imported 
and domestic tobaccos with 
carefu l ly selected Connecti. 
cut shade grown wrappers. 

We save you the cost 
You 

-
buy these fine cigars at 

this low price because we 
save the cost of matching 
them by colors. This  sorting 
must be done by experts 
and costs money-yet it adds 
nothing ta the quality or 
enjoyment of the cigar. We 
save you this cost and in 
addition, since we are the 
m a kers  w e  save you t h e  
middleman's profit. That's 
why you �an buy 1 00 Fine 
Cigars, packed in  metal hu· 
midor, for $3.50, ar 50 for 
$2.00. We do not know how 
long we can continue this 
offer. Conditions are chang. 
ing dgify and the supply gf 
metal humidors is l imited. 

You Take No Risk 
Send your order today. We guarantee to refund 
your  money if you are not satisfied with the smok. 
ing qual ity of these cigars. Send remittance with 
order, we will pay postage, or sent C.O.D. you 
pay postman, plus 1 8¢ C.O.D. fee . 

• • • • • • • • • • • • • • • • • • •  

JAMES B.  HALL 
lOS-X EAST 16th STREET • NEW YORK, N .  Y. 
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The exact spots fOt" these buttons had 
been determined by calculations and a 
tram rod had been made to measure the 
distance from the first two buttons. From 
the calculations the buttons for the 90 " 
positions were set to within 0.004" or 
0.005".  Then the tram rod was used. 

At one end of the tram rod was a 
hardened "V," made to fit the buttons. 
At the other end was a dial gage, read­
ing to 0.0001" .  The tram was well insu­
lated by wrapping it with paper, and a 
wooden handle had been incorporated 
into the construction so that the heat 
from the machinist's hands would not 
introduce errors in the readings. Just one 
degree of temperature shift was found 
to change the reading as much as 0.0002" .  

The next move was to adj ust the two 
buttons in the 90 " positions so that, by 
using the tram in any one of the four 
quadrants of the gear, the error was 
brought within the allowable limits. This 
process was repeated with another tram 
for the 45 " positions of the third set of 
buttons, and other trams of the correct 
lengths were used until all of the 144 
buttons had properly been spaced on the 
plate. This allowed a button for every 
fifth tooth on the gear. When the time 
came for milling the intermediate teeth, 
an insert of four buttons, shown in Fig­
ure 2, was used. 

With all the buttons properly located, 
it was time to cut the first gash. Then 
the gear was revolved 1800 to eliminate 
accumulated error, and the second gash 
was made. Then to the 900 position, and 
so on. The rough milling was done in 
two stages, taking two straight cuts and 
leaving 0.007" in the second cut to be 
removed by the hobber in the finishing 
cut. The hobbing operation is illustrated 
in Figure 3. 

It was found that, during the milling, 
the heat generated by the cutter materially 
affected the accuracy of the operation. To 
relieve this situation, a hollow cutter 
arbor was used through which water at a 
controlled temperature could be circu­
lated. 

After the first roughing cut had been 
made for all 720 teeth, the method of 
checking for accuracy was changed. A 
microscope was anchored in position over 
the handwhee1 of the worm, which was 
graduated in 0.0001" ,  and a dial indicator 
was positioned so that it would touch a 
tooth some distance away on the periphery 
of the gear as shown in Figure 4. As 

the gear was always revolved in ont' 
direction only, no correction was neces­
sary for backlash. Upon checking and re­
checking it was found that the error be­
tween any one tooth and any other wa,. 
only 0.0001" .  

When the gear blank was made, i l  
had been split horizontally, with the 
idea that the two sections could be un­
bolted after the rough milling had been 
completed, so that the top section could 
be revolved 1800 before the finishing cut 
was taken. This would, of course, have 
increased the accuracy. However, by us· 
ing the method and care described above. 
this action was rendered unnecessary. 

The milling operations took ten month, . 
and the finish hobbing operation tool< 
three weeks. Two and one half yean 
in all were required to cut the teeth 011 
the three gears. As the work progressed 
from one gear to the next, the accurac) 
improved. For instance, in the cutting of 
the first gear there was an error in on .. 
of the quadrants of 0.0004". This errol 
made that particular quadrant unusable 
However, the three remaining quadrants 
were within the allowable tolerance and 
this gear is now used for the North and 
South declination with the bad quadran! 
at the top of the gear where it is never 
used. 

This completes the abstract from Rob­
ert Clark's account of the j ob for th .. 
200". In referring to Figure 1 he term, 
it "the architect's drawing," which i, 
quite correct, but the architect happen� 
to be Russell W. Porter. At that, Porte. 
is an architect-or was so educated. 

Those who have created a setting 
circle-that is, not simply taken off thr 
marks from another divided circle or 
transferred them from gear-tooth spac­
ings ( which is about the same thing) .  
but who have themselves divided a circle 
out of the void and nothingness, will rec­
ognize the almost exact similarity of 
the method employed with the method 
described above. The following is a short 
additional note written for the most re­
cent printing of "A.T.M.A." and inserted 
on page 302. I t briefly explains this 
method of creating a setting circle, and 
incidentally may be clipped out and 
pasted in earlier printings of "A.T.M.A." 
by those who own that book. It runs-

"Editor's Note : For theoretical data 011 
setting circles, see chapter on 'The Di­
vided Circle,' in Martin's 'Optical Meas­
uring Instruments. '  Also see article on 

Figure 4: Measurements refi ned to microscopic precision 
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----------------- T E L E S C O P T I C S ----------------
Divided Circles,' in Glazebrook's 'Dic­
tionary of Applied Physics,' Vol. IV. 
The latter explains the methods used in 
one example chosen, for inscribing 4320 
,divisions, one for each 5 minutes of arc, 
on a 48" circle, within an accuracy of 0 
second. The method is one of trial and 
error in a series of closer and closer ap­
proximations. 

"A crude suggestion of the principle 
used can be had by tacking a circle of 
cardboard at its center to a board. Place 

E XCIIANGE : From Peter Dawson, Care 
Dr. A. C. Ainsley, Greylands, Vic­

toria Road, West Hartlepool, County 
Durham, England, comes the following : 
"Could you find two or three young fel­
lows, at about the same stage as me in 
telescoptics, to correspond and keep · the 
interest aglow, now that the difficulty of 
obtaining materials over here is increas­
ing. I am only a very green amateur, 
aged 18, and my interest began three 
years ago. During this time I have been 

Figure 5: The finished gear with 720 teeth of % pitch 

a reference mark ( representing the cut­
ter) on the board adj acent to the edge 
of the circle and mark the periphery of 
the circle in continuation of it. Call this 
zero. Select the 1800 point on the circle 
by approximate estimate. Make a tenta­
tive 1800 mark, and continue it on the 
board. Now rotate the circle till the 1800 
mark lies next to the cutter. The true 
1800 point should now be halfway be­
tween the rotated zero mark on the circle 
and the nearby mark on the board. 

"Estimate new marks for a closer trial 
and repeat the cycle ; and so on. 

"Using this as a starter, in the ex­
ample mentioned above, the 900 and 
smaller divisions on the 48" circle were 
filled in by similar principles, and it all 
required six months of tedious slavery 
for the 4320 divisions. The approxima­
tions soon fell within the field of com­
pound microscopes powerful enough to 
detect errors of one tenth second, or 
1 /86,000 inch. 

"Gluttons for this general type of 
masochism will find in the same volume 
of Glazebrook a lO-page article on 'Dif­
fraction Gratings, the Manufacture and 
Testing of,' by Dr. J. A. Anderson. 
Asked how the two j obs, the 48" circle 
and the construction of a ruling engine, 
would compare in difficulty, Dr. Anderson 
,tated that the ruling engine j ob would 
be far more difficult, since so many more 
factors enter into it-not alone equality 
of spacing, but length and parallelism of 
grating lines." 

End of "A.T.M.A." supplementary 
note. 

This is not to say that the circle j ob 
is easy, and similarly for the big worm 
wheel j ob, but only that the ruling engine 
job is super, hyper, ultra. The other 
j obs are merely super, hyper. 

studying physics ( with particular accent 
on optics) and hope to go to University 
to continue, in October. I have com­
pleted a 20" refractor, the O.G. of which 
I did not work-I just did the engineer­
ing and woodwork. I have started a 6 0 "  
mirror and am a t  present grinding. I 
have studied that excellent book 'A.T.M.,' 
also 'A.T.M.A.' I am also a keen trout 
fisher. Do you think you could wangle 
it so that my correspondents are cursed 
with this plague too ?" 

LYE will protect a mirror, silvered or 
aluminized, from sweating due to con­

densation. Charles and Harold Lower, of 
San Diego, report thus : "A warm day 
followed a night of high humidity, and 
our mirror sweated. Lye, impure form of 
caustic soda ( Na OH ) ,  has an affinity 
for water, and it is cheap, so we tried 
putting a can of it inside the telescope 
when closing up after a spell of observ­
ing. It worked. No more condensation 
on the mirror in the morning. Best of 
all, we found that it greatly reduced the 
tendency of the silver to tarnish. We 
have kept a silvered mirror in good con­
dition for five years by this method, and 
the telescope was in regular use, in town. 
About half an inch of lye in the bottom 
of a peanut-butter j ar will protect a 
12" telescope for a week or more, in rainy 
weather ; much longer in dry weather. 
If neglected, it will continue to absorb 
moisture until the solution is about an 
inch deep. When the jar accumulates 
too much water we throw the lye away." 

Lye costs about 1 5  cents a pound, at 
a grocery store, caustic soda ( chemically 
pure) costs about 15 times that much ; 
and the one is about as good as the other 
for this. Keep it off the mirror-silver or 
aluminum-and off the hands. 
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TH E H ENRY SYSTEM 

Of Finger Print 

Classification 

and 

Identification 

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

"TH E FINGER PRINT 

INSTRUCTOR" 
[n this 182-page book, written by • 
noted finger print expert who was 
for many years in the Bureau of 
Criminal Investigation, New York 
Police Department, will be found 
complete instructions on every phase 
of the work from taking the prints 
to final identification. Numerous 
photographs and reproductions of 
prints make all details dear. 
Used by' many governmental and 
industrial personnel departments 
and by the F.B.I. 

$4.25 postpaid 

New 1942 Printing 

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

A I R N EWS 
SC O RES AGA I N  
WHEN Brazil declared war on the 

Axis and the United States rushed 
44 bombers to our good neighbor, readers 
of AIR NEWS had only to consult their 
current issue for a complete and analytical 
article on "Brazilian Air Power." 

\Vhen the Nazi war machine moved into 
Russia, almost every commentator and 
publication in the country prophesied an 
early German victory. But AIR NEWS 
adhered to the unprejudiced facts in its 
possession, predicted that the Red Air 
Force would be at least a match for the 
Luftwaffe. 

When authentic drawings, photographs, 
silhouettes and specifications on the J ap 
Zero were published in the United States. 
they appeared first in AIR NEWS. 

These are only a few of the scoops thai 
AIR NEWS has scored during its first 
eighteen months of publication. There are 
more to come, and you won't want to miss­
them. 

AIR NEWS is on sale at most news­
stands, but to be sure of not missing a 
single issue, fill out and mail this coupon 
today ! 

8 ISSU ES $ 1 .00 
- - - - - - - - - - - - - - - - - ,  I AIR NEWS I I 545 5th Ave., New York I I Please send me the next eight I 
I issues of AIR NEWS. I I 0 I enclose $1 .00 0 Bill me. I 
I 

Name . . . . . . . . . . . . . . . . . . . . . . . . . . .  I 
I Address . . . . . . . . . . . . . . . . . . . . . . . . .  I 
I City . . . . . . . . . . . . . .  State . . . . . . . . .  I 
L _ _ _ _ _ _ _ _ _ _ _ _  ���� J 
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TWO TOBACCOS-f O R  O N LY 

ONE DOLLAR - If YOU HU RRY ! 

A real he·mo!)'s pipe - rugged, 
hefty, yet the delicate carvings 
anti grooves g1ve it remarkable 
lightness. Easy to smake be· 
cause you get a grip on it.

' 

Holds a generous fil l ing of to­
bacco. You 'll be mighty glad 
you ordered o n e  of these  
lux u ry p i p e s  a t  th i s  bar. 
gain price. 

New Condenser Filter 
assures �/ean, healthy 
smoking. 

Pipe 
shown 

% 

�lllliE� Here's our pledge. You exam· 
ine the pipe, smoke it with the 
tobaccos, enjoy it. If you de· 

cide our claims don't measure up 1 00%, keep 
pipe and tobaccos • • •  and we return your mOl)ey 
in fu l l .  Speed you r  order on the way today to get 
in on this. Dollar bil l, check, money-order or 
stamps wil l  do • . .  and you' l l  get entire combina. 
tion without further cost. Or, send penny post 
card and pay postman $1 .00 plus 1 8c, C .O.D fee. 

LEONARD TOBACCO CORP. 
I I1·N EAST 1 6th St., NEW YORK, N. Y. 
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C U R R E N T  B U L L E TI N  
B R I E F S 

( The Editor will appreciate it 
if you will men tion Scientific 
A merican when writing for any 
of the publications listed below. ) 

PERMUTIT ZEOLITE WATER SOFTENERS 
AND ION-EXCHANGERS is a 1 6-page 

illustrated bulletin which deals with the 
troubles caused by hard water in many 
industries and describes in considerable 
detail a complete line of equipment for 
softening such water in any needed quan­
tities. Request bulletin No. 2386. The 
Permutit Company, 330 West 42nd 
Street, N e'"<V York; New York.-Gratis. 

THE FUTURE OF Am TRANSPORTATION is 
an eight-page mimeographed folder 

which provides a broad survey of current 
developments in the field of air cargo 
transportation and outlines- the potentiali­
ties of this part of the aviation industry 
in peace-time years. Estabrook & Com­
pany, 40 Wall Street, New York, New 
Y ork.-Gratis. 

INDUSTRIAL DIAMOND TOOLS is a four-
page illustrated folder which gives gen­

eral information on industrial diamonds 
and their characteristics, on where they 
are produced, and on a series of wheel­
dressing tools. Christensen Diamond Tool 
Company, 3683 East WilliS,- Detroit, 
M ichigan.-Gratis. 

MACHINING ALCOA ALUMINUM is a 48-
page booklet for those who are inter­

ested in this particular subj ect for im­
mediate use as well as for planning for the 
future. Request this booklet on your com­
pany letterhead. A hlminum Company of 
America, Pittsburgh, Pennsylvania.­
Gratis. 

PLASTICS is an eight-page booklet illus-
trating and describing the manufactur­

ing process, compression molding, and 
uses of phenolic plastics and resins. Given 
also is a brief review of recent books and 
suggestions as to sources for further com­
prehensive study of the subj ect. Durez 
Plastics & Chemicals, Inc., North Tona­
wanda, New Y ork.-Gratis. 

PATENTS, CONGRESS AND THE NATION, 
a statement by the Boston Patent Law 

Association, is a 12-page pamphlet pre­
pared to place before interested people 
the facts of the attack on our patent 
system which has been fomented by a 
group of men who apparently have a very 
slight appreciation or understanding of 
the value and benefits of the system. The 
Boston Pa tent Law A ssociation, Boston, 
11'[ assachusetts.-Gratis. 

THE OBSERVER'S HANDBOOK for 1943 
contains data on the planets and other 

astronomical phenomena, month by 
month ; also lists of double and multiple 
stars, four star maps, an ephemeris of the 
Sun, times of moonrise and moonset for 
every day of the year for four selected 
latitudes, and miscellaneous astronomical 
data to the extent of 80 very useful, prac-

tical pages. Most amateur astronomers 
obtain this booklet each year. Royal 
Astronomical Society of Canada, 198 Col­
lege St., Toronto, Ontario, Canada.-25 
cents. 

75,000 RPM AT YOUR FINGERTIPS is a 
four-page folder describing a new air­

driven grinding wheel which turns at that 
speed. The wheel is designed for use by 
die makers, industrial model builders, 
machinists, and so on. Onsrud Machine 
Works, Inc., 3900 Palmer Street, Chicago, 
Illinois.-Gratis. 

COMBUSTION EFFICIENCIES As RELATED 
To PERFORMANCE OF DOMESTIC HEAT­

ING PLANTS is a 30-page booklet con­
cerned with all phases of the subj ect of 
its title, and with definite types of fuel. 
The text is supplemented by a number 
of pertinent charts and tables. University 
of Illinois Bulletin No. 42, Circular Series 
No. 44. University of Illinois, Urbana, 
Illinois.-40 cents. 

HAND-FIRING OF BITUMINOUS COAL IN 
THE HOME, by Kratz, Fellows, and 

Miles, of the Engineering Experiment 
Station at the University of Illinois, offers 
practical suggestions to householders who 
have been forced to change from smoke­
less fuels to bituminous coal in the same 
equipment. University of Illinois, Urbana, 
Illinois.-25 cents. 

A GUIDE To BETTER BEARING LUBRICA-
TION is a 28-page booklet, illustrated 

with a number of drawings and charts, 
which treats the functions of lubrication, 
oil lubrication, recommended viscosities, 
circulating systems, grease lubrication, 
grease supply systems, and so on, for 
ball and roller bearings of various types. 
Particularly stressed are those features 
which, coupled with lubrication, insure 
longer life for machinery. SKF Indus­
tries, Inc., Front Street and Erie Avenue, 
Philadelphia, Pennsylvania.-Gratis. 

KEEP 'EM WORKING is a 46-page iIlus-
strated booklet essentially designed to 

aid owners of Caterpillar products in 
getting the most out of their machines. 
It  goes into considerable detail on the 
care and maintainence of such equipment. 
Request Form No. 7609. Caterpillar 
Tractor Company, Peoria; Illinois.­
Gratis. 

SIL-Fos AND EASy-FLO is a 16-page bul-
letin, illustrated with a large number 

of photographs giving details of a low­
temperature brazing method using silver 
alloys. This method can be applied to 
ferrous, non-ferrous, and dissimilar met­
als, with speed and economy as important 
factors. Handy & Harman, 82 Fulton 
Street, New York, N ey.v Y ork.-30 cents. 

REPLY To BEWILDERMENT, by A. W. 
Robertson, is a 1 6-page discussion of 

democracy and the nature of wartime 
leadership. The text is the answer to a 
letter received by the author, in which a 
request was made as to the definition of 
the duties of patriotic Americans. West­
inghouse Elec tric & Manufacturing Com­
pany, 306 Fourth Avenue, Pittsburgh, 
P ennsylvania.-Gratis. 
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Hogs vs. Beer . . . . . . . . . . . . . . . . . . . . . . . .  1 70 
Meat Source, Florida as a .  . . . . . . . . . . . . 70 
Milk, Ultra-Violet Sterilizes . . . . . . . . . . . .  28 
Saccharin, No Harm in . . . . . . . . . . . . . .  . . 269 
Soy Beans, Development of . . . . . . . . . .  30, 2 1 6  
Sugar Beets, Improved . . . . . . . . . . . . . . . . 3 1  
Vegetables, Value of Dehydrated . . . . .  . .  284 

FO RESTRY. See also WOOD 

Forestry Management, Modem . . . . . . . . 270 
Shelterbelt Trees, Survival of . . . . . . . . . . 220  
Spraying Large Forest Areas . . . . . . . . . . . 3 0  
Timber, Demands on . . . . . . . . . . . . . . . . .  1 7 0  

GLASS 

Bearings, Glass, for Instruments . . . . . . . .  155 
Camouflage, Glass . . . . . . . . . . . . . . . . . . . .  2 76 
Floating Glaos (Foamglas) . . . . . . . . . . . . . 2 74 
Glass Fiber Panel . . . . . . . . . . . . . . . . . . . . 76 
Iron-Glasa Seal . . . . . . . . . . . . . . . . . . . . . . 5 7  
Optical GlaBS, Compacted . . . . . . . . . . . . . 2 5 2  
Optical Glass, Sand Eliminated in . . . . . .  1 69 
Stoves, Glass . . . . . . . . . . . . . . . . . . . . . . . . 124  
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HEALTH. See MEDICINE and HEALTH 

INDUSTRY 
Air Conditioning, Industrial . . . . . . • • 253 254 
Ammonia, Industrial Uses for . . . . . . . . . .  

'
255 

Arc Welding, Future of • . . . . . . . . . . . .  " 254 
Blast Cleaner, Portable . . . . . . . . . . . . . . .  13 2 
Can Li'lings, Silver . . . . . . . . . . . . . . . . . . .  207 
Chemtcal Industry, United Sates . • . . 209, 2 2 1  
Containers, Cellophane Lined . • . . . . . . . .  2 2 0  
Containers, Fiber . . . . . . . . . . . . . . . . . . . . . 109 
Contractor, Self . . . . . . . . . . . . . . . . . . . . . .  253 
Conveyor, Variable Incline . . . . . . . . . . . . 8 1 
Cork, Substitute for . . . . . . . . . . . . . . . . . .  1 54 
Cutting Oil , Better . . . . . . . . . . . . . . . . . . .  256 
Dehydrated Food Industry . . . . . . . . . . . 2 0, 1 57  
Destruction Test, Equipment for . . . . . . . 1 80 
Electronics, Future of . . . . . . . . . . . . . . . . .  25 7 
Floor Surfaces, Non-Slip . . . . . . . . . . . . . .  288 
Foundry Equipment, Improved . . . . . . . .  255 
Future Plans, Basis for . . . . . . . . .  1 5 1 , 203, 2 1 5 
Glass Fiber Panel . . . . . . . .  . . . . . . . . . . . . 76 
Industrial Lighting, Improvements in . . .  109 
Machine Tools, Conversion of. . . . . . . . . .  8 
Motion Study, Advantages of . . . . . . . . . . 55 
Motor Industry in Wartime ; . . . . . . . . . . .  4 
Oil-Proof Fabrics . . . . . . . . . . . . . . . . • . . . . 3 2 
Patents, Importance of. . . . . . . . . .  . . . . . . .  99 
Petroleum Industry, Progress of . . . . . . . .  2 5 7  
Plastic Plumbing Elbow . . . . . . . . . . . . . . . 85 
Power From Test Engines . . . . . . . . . . . . . 59 
Production, Workers Boost . . . . . . . . . . . .  26 
Production Control, Scoreboard for . . . . . 8 
Production Metbod., Sharing . . . . . . . . . . 99 
Pyrometer, Direct Reading . . . . . . . . . . . . 133 
Research, Continuing . . . . . . . . . . . . . . . . . 2 53 
Research, Index of . . . . . . . . .  . . . .  . . . . . . 250 
Research, Long-Range Effect of . . . . • . . .  9 
Resistance Welding . . . . . . . . . . . . . . . . . . . 256 
Respirator, Light Weight . . . . . . . . . . . . . .  73 
Rubber Industry, Conversion of. . . . . . . . 60 
Rubber Scrap Reclamation . . . . . . . . . . . .  105 
Rubber Substitute, W a x  a s  . . . . . . . . .  " . 18 1 
Soap in "Complete" Form . . . . . . . . . . . . .  13 2 
Soy Beans, Development of. . . . . . . . . . . .  2 1 6  
Steel Industry, War Effort of. . . . . . . . . .  60 
Steels, Standardization of. . . . . . . . . . . . . . 58 
Tools, Diamonds for . . . . . . . . . . . . . . • . . . 9 
Worn Tools, Reclaimin g . . . . . . . . . . . . . . .  254 

INSECTS 

Fumigant for Grain and Flour . . . . . . . . . 79 
Insecticide Sprays, Checking . . . . . . . . . . . 7 7  

LIGHT and LIGHTING 

Colors, Eye Sensitivity to . . . . . . . . • . . . . 25 
Flaw Detection with Light . . . . . . . . • . . . 288 
Fluorescent Fixtures . . . . . . . . . . . • . . . . . . 26 
Fluorescent Lamps, Mercury in . . . . . • . .  ' 2111 
Fluorescent Tubes, Cold-Cathode . . . . . . .  167 
Industrial Lighting, Improvements in . . .  109 
Lantern, Utility Electric . . . . . . . . . • . . . . 1 72 
Panel Light Indicator . . . . . . . . . . . . . . . . . 79 
Phosphorescent Sheet for Blackouts . . . . .  73 
Polarizing Material, New . . . . . . . . . . • . . .  2 76 
Reflectors, Fluorescent Tube . . . . . . . . . . . 58 
Ultra-Violet Lamps, Germ Killing . . . . . .  202 

MARINE 

Ship Repair, Naval . . . . . .  . . . . . . . . . . . . .  262 
Cargo Vessels, Production of . . . . . . . . . . .  67 

MEDICINE and HEALTH 

Baldness, P088ible Cause of . . . . . . . . . . . .  269 
Black Widow Spider, Menace of. . . . . . . .  77 
Bleeders, New Hope for . . . . . . . . . . . . . . .  1 2 0  
Blood, Mixing, i n  Transfusions . . . . . . . . .  1 73 
Blood Transfusions, Plasma for . . . . . . . . .  1 1 9  
Cancer Research, Progress in . . . . . . . . . .  199 
Child Outlook, War and . . . . . . . . . . . . . . .  202 
Constitutional Ailments . . . . . . . . . . . . . . .  201 
Contact Lenses, Plastic . . . . . . . . . . . . . . .  267 
Dental Chair, Fully Adjustable . . . . . . . .  1 76 
Doctors, Appreciation of . . . . . . . . . . . . . .  2 1 5  
Draftees, Rejected . . . . ; . . . . . . . . . . . . . . .  162 
Electrocution from Home Device. . . . . . . 1 62 
Eye Particle Remover . . . . . . . . . . . . . • . .  2 69 
Foot Rest for Tired Feet . . . . . . . . . . . . . . 1 2 0  
Germ-Killing Ultra-Violet Lamps . . . . . . .  202 
Germicidal Cutting Oil . . . . . . . . . . . . . . . . 28 7 
Hallucinations of Sound Tones . . • . . . . . . 2 2 
Heat Prostrations, Vitamin C for . . . . . . .  1 20 
Indigestion, Nervous . . . . . . . . . . . . . . . . . .  20 1 �,nsanitr" . Ref�geratiOD: for . . . . . . . . . . . . .  1 60 

Leans In AIrplane PIlots . .  . . . . . . . . . . . 13 5 
Malaria in Jap Army . . . . . . . . . . . . . . . . . 202 
Noises, Immunity to . . . . . . . . . . . . . . . . . . 80 
Poison Ivy Prevention . . . . . . . . . . . . . . . .  2 2 
Refrigeration for Insanity . . . . . . . . . . . • . 1 60 
Saccharin, No Harm in . . . . . . . . . . . . . . .  , 269 
Sex Perv,�rtst ��rm?n�� in . . . . . . . . . . . . 2 2 
Sounds, CondItIonIng To . . . . . . . . . . . .  2 2 
Sterilizing with Ultra-Violet . . . . . . . . . . . .  1 74 
Vegetables, Value of Dehydrated . . . . . . .  284 
Vitamins, Value, of . . . . . . . . . . . . . . . . . .  , 244 

303 



304 
METALS and METALLURG Y 

Alloys, Behavior of . . . . . . . . . . . . . 166 
Alloys From Scrap . . . . . . . . . . . . .  1 0 7  
Aluminum, Magnesium, Cleaner for . . . . . 3 9  
Armor Plate, Difficulties i n  Working . 1 0 8  
Bearings, Lead . . . . . . . . . . . . . . . . . . .  . . .  1 5 6  
Corrosion-Proofing a Pipe Line . .  , ' , . 2 54 
Electron-Microscopy of Metals . . .. . . . . . .  1 13 
Enamel Finish for Metals . . . . . . . . . . . . . 8 
Fiber Replaces Metal in Cans . . . . . . . . . .  1 09 
Flaw Detection W,th Light . . . .  . . . . . .  . .  288 
Gold Leaf, Improved Production of . . . . .  2 26 
Gun Barrels, Cast . . . . . . . . . . . . . . . .  . . . .  1 77 
Iron-Glass Seal . . . . . . . . . . . . . . . . . . . . . . . 5 7  
Low-Grade Ores, Using . . . . . . . . . . . . . . .  1 2 6  
Magnesium Welding . . . . . . . . . . . . . . . . . .  2 53 
Molding Machines, Improved . . . . . . . . . .  2 5 5  
Polishing-Out Stress Concentrations . . . .  1 0 7  
Silver, New Uses for . . . . . . . . . . . . . . . . . .  1 5 5 
Silver Linings for Containers . . . . . . . . . . .  207 
Sheet Metal, Straightening . . . . . . . . . . . .  253 
Steel, Special Silicon . . . . . . . . . . . . . . . . . . 1 09 
Steel, Surface Conditioner for . . . . . . . .  " 28 7 
Steel, Swedish, in U. S. . . . . . . . . . . . . . . .  169 
Steel Industry, War Efforts of . . . . . . . . . 60 
Steels, Standardization of. . . . . . . . . . 58 
Tin Plating, Alkaline Process of . 8 

METEOROLOGY 

Ice Indicator, Airplane . " . . . . . . . . . . . . . .  280 
Lightning Studies . . . . . . . . . . . . . . . .  23, 1 69 
Sunlight, Measurement of . . . . . . . . . . . .  2 74 
Weather Predictors, Odd . . . . .  2 73 

MISCE�LANEOUS 

Air-Drying in Damp Rooms . . . . . . . . . . .  1 2 5  
Amateur, What's an? . . . . . . . . . . . . . . . . 6 1  
AmerIcan People, Toughness of. . .  . . . . . . 6 1  
Blackout Tape . . . . . . . . . . . . . . . . . . . . . . .  280 
Fingerprint Classifiers, Need for . . . . . . . . 72 
Flashlight-Rule Combination . . . . .  '. . . . . 3 4  
Lawns, Fan Planting of . . • . . . . . . . . . . . . 72 
Lock Nut, One Piece . . . . .  . . . . . . . . . . . .  2 2 5  
Nut, Spring Machine . . . . . . . . . . . . . . . . .  2 8 6  
Paper Shredder . . . . . . . . . . . . . . . .  " . . . . . 8 0  
Phonograph Noise Filters . . . . . . . . . . . . . .  1 79 
Pier, Staten Island . . . . . . . . . . . . . . . . . . . 14 
Pineapple "Enzymes . . . . . . . . . . . . . . . . . . .  284 
Plants on Midway Island, Rare . . . . . . . .  1 70 
Sound Installations, Railroad . . . . . . . . . . 2 2 6  
Sound-Proof Phone Booths . . . . . . . . . . . .  283 
Stickers. Dry . . .  . - . . . . . . . . . . . . . . . . . . . . 84 

NATIONAL DEFENSE. See WAR 

OIL and LUBRICATION 

Cutting Oil, Better . . . . . . . . . . . . . . . . . . .  256 
Oil Well Pipe, Fiber . . . .  . . . . . . . . . . . . . .  1 74 
Pipe Line, Corrosion·Proofing a .  . . . . . . .  254 
Pipelines;'Status of . . . . . . . . . . . . . . . . . . .  1 1 0  
Protecti ve Oil (Polar K) . . .  . . . . . . . . . . .  2 29 

OPTICS 

Colors, Eye Sensitivity to . . .  " " " . . . . . . . 2 5 
Contact Lenses, Plastic . . . . . . . . . . . . . . .  267 
Eye-Glass Dispensometer . . . . . . . . . . . . . .  220 
Optical Glass, Compacted . . . . . . . . . . . . .  252 
Optical Glass, Sand Eliminated in . . . . . .  169 
Optical Shop, Army . . . . . . . . . . . . . . . . . . 74 
Polarizing Material, New . . . . . . . . . . . . .  2 7 6  

PAINTS and VARNISHES 

Covertng Power, Factors Governing . . . . . 76 
Lacquer Containers, Protection of . . . . . .  1 5 5  
Oils, N e w  Quick-Drying . . . . . . . . . . . . . . .  3 5  

PHOTOGRAPHY and MOVING PICTURES 

Announcement Cards, Photographic . . . . 40 
Background, Eliminating . . . . . . . . . . . . . .  184 
Backgrounds, Wall Paper . . . .  . . . . . . . . .  185 
Bird Photography in Color . . . . . . . . . . . .  232 
Black Surfaces, Reflection from . . . . . . . . 184 
Bottle Washing, Efficient . . . . . . . . . . .  . . .  2 9 2  
Camouflage Competes with Photography . 1 2 7  
China, Prints on . . . . . . . . . . . . . . . . . . . . .  293 
Color Film Exposure . . . . . . . . . . . . . . . . .  2 92 
Composition, Hair Advantages in . . . . . .  1 3 7  
Composition, Opposing Diagonals . . . . . .  1 3 7  
Contreflash . . . .  . . . . . . . . . . . . . . . . . .  . . . . 1 3 6  
Developers, Comparison of " . . . . . . . . . . . 88 
Etching Knives, Use of . . . . . . . . . . . . . . .  185 
Exhibit Methods, New . . . . . . . . . . . . . . . • 136 
Exhibits, Army and Navy . . . . . . . . . . . . . 184 
Exposure Computor . . . . . . . . . . . . . . . . . .  1 3 7  
Filters, New Varigam . . . . . . . . . . . . . . .  " 23 2  
Flashing a Crowd . . . . . . . . . . . . . . . . . . . . 4 0  
Fog-Reducing Chemical . . . .  . . . . . . . .  . . .  1 3 7  
Frame, Auto Tire . . . . . . . . . . . . . . . . . . .  233 
Government Wants Amateur Pictures . . .  136 
Greeting Cards, Photographic . . . . . . . . . .  2 9 2  
Kodachrome, Prints Direct from . . . . . . . 4 1 
Kodacolor, Flash With . . . . . . . . . . . . . . . . 4 1  
Lantern Slide Lectures . . . . . . . . . . 29 2 
Lens Apertures, Comparing . . . . 293 
Lighting Contrasts . . . . . . . . . . . . . . . . . . . 89 
Microfilm, New Uses for . . . . . . . . . . . . . 1 2 1  
Motion .i'ictures, Military . . . . . . .  . . .  . . .  2 78 
Movies, Tinted . . . . . . . . . . . . . . . . . 185 
Multi-Images, Mirror-Produced . . . . . . . . 40 
Negatives, Cleaning . . . . . . . . . . . . . . . . . .  185 
Negatives, Separation . . . . . . . . . . . . . . . . .  1 3 7  
Perspective i n  Snaps . . . . . . . . . . . . . . . . . . 8 9  
Perspective, Good . . . " . . . . . . . . . . .  233 
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Pictorial and Record Pictures . 
Portraiture, ImaginEiltion in . . . . . . . . .  . 
Print Size, Discussion of . . . . . . . . . . .  . 
Prints, "Bleed" . . . . . . . . . . . . . . .  . 
Prints for Reproduction, Judging 
Prints, Rough, Copying . . . . .  
Prints, Typing on . . . . . .  . . 
Prize Winner Tells All . .  
Proof Paper, Portrait . . . .  
Rain Pictures, After the . .  
Rainbows, Photographing 
Retouching Medium . . . .  . 
Silhouette, Sunset . . . . . . .  . 
Silhouette, Variation of . . . .  . . .  
Subject, Bringing Attention to 
Wartime Record Pictures . .  
Zoo Photographs . . . . . . . . . .  . 

PHYSICS 

88, 293 
89 

185 
232 
293 
293 
233 

41 
233 

88 
89 
41 

293 
23 2 
13 6 
29 2 
233 

Electron Microscope, The Scanning . . . " 1 1 1  
Electrons, Free, i n  Alloys . . . . " .  . . . . . . . . .  166 
Power, Sources of . . . . . . . . . . . . . . . . . . . .  164 
Wartime, Physicists in . . . . . . . . . 3 

PLASTICS 

Buttons, Plastic . . . . . . . . . . . . . . . . . . . 280 
Contact Lenses, Plastic . . . . . . . . . . . . . . . 267 
Elbow for Plumbing . . . . . . . . . . . . . . . . . . 85 
Ethyl Cellulose Base Plastic . . . . . . . . .  " 208 
Filler Material from Waste . . .  . . . . . . . . .  39 �nife �

I
hea�h, Plastic . . . . . . . . . . . . . . . . .  224 

'pe, astic (Saran) . . . . . . . . . . . . . . . . . .  208 
Plasticizer for Ethyl Cellulose . . . . . . . . . .  1 3 2  
Screw Plugs, Throw-Away . . . . . . . . . . . . . 180 
Soy Beans, Development of . . . . . . . . . . .  2 1 6  
Wall Paneling, Plastic-Coated . . 30 

POWER 

Circuit Breaker, Noise-Proof. . . . . . . . . . .  223 
Diesel Nozzles, Testing . . . . . . . . . . . . . . . 282 r!a�d .Coulee �enerat6rs . . . . . . . . . . . .  " 1 73 

,gh mng Stud,es . . . . . . . .  . . . . . . . . .  . . .  169 
Oil from Coal . . . . .  _ . . . . . . . . . . . . . . . . . . 1 7 2  
Power Sources, Future . . . . . . . . . . . . . . . . 1 64 
Pulleys, Variable Speed . . . . . . . . . . . . . . .  2 2 9  
Vegetable Fuels . . . . . . . . . . . . . . . . . . . . . .  1 7 5  

PSYCHIC RESEARCH 

Table-Turning Explained . . . . . . .  " 66 

RADIO 

Amateurs, New Hobbies for . . • . . . . . . . . 28 
Forest Radio Antenna . . . . . . . . . . . . . . . . 74 
Radio-Telegraph Printer, Error·Proof " " 1 2 7  
Short-Wave, Best Frequency for . . . . . . . .  1 3  

RAYS 

Alarm, Vacuum Tubes in . . . . . . . . . . . . . .  2 9  
Sterilizing with Ultra-Violet . . . . . . . . . . .  1 74 
Ultra-Violet Lamps, Germ Killing . . . . . .  2 0 2  
Ultra-Violet Sterilizes Milk . . . . . . . . . . . .  28 
X-Ray Generator, Direct Current . . . . . 2 7 6  

RESEARCH 

Bearings, Glass, for Instruments . . . . . . . . 1 5 5  
Bounceless Ball . . . . . . . . . . . . . . . . . . . . . .  2 0 7  
Cork, Substit'Ute for . . . . . . . . . . . . . . . . . . 154 
Electron Microscope, The Scanning . . . . .  1 1 1  
Electron-Microscopy of Metals . . . . . . . . .  1 13 
Electrons Free, in Alloys . . . . . . . . . . . . . .  1 6 6  
Industrial Future, Plans for . . . 1 5 1 , 203, 2 1 5  
Industrial Research, Value of . . . . . . . . . .  2 5 0  
Lightning, Study o f .  . . . . . . . . . . . . . . . .  23, 169 
Oil From Coal . . . . . . . . . . . . . . . . . . . . . . .  1 72 
Production, Effects of Research on . . . . . . 9 
Research Organization", War Boosts . . . . . .253 
Vegetables, Development of Dehydrated. 284 
Women in Research Work . . . . . . . . . . . . .  1 13 

ROADS 

Inter-American Highway, Progress of . . . 79 
Road Corrugations . . . . . . . . . . . . . . . . . . . 76 
Salt in Road Construction . . . . . . . . . . . . . 26 

RUBBER 

Battery Room Liner, Submarine . . . . . . .  2 79 
Boat, Rubber Life-Saving .  . . . . . . . . .  1 45 ,  1 78 
Bushings for Aircraft Controls . . . . . . . . . 58 
Cellular Rubber, Light-Weight . . . . . . .  . .  28 
Committee Report (Baruch) . . . . . . . . . . .  2 1 5  
Guayule, Compounds o f .  . . . . . . . . . . . . . .  208 
Hard Rubber, Synthetic (Ameripol) . . . .  1 5 5  
Hose, Minimum Rubber in . . . . . . . . . . . . 1 5 5  
Life Belts, Self-Inflating . . . . . . . . . . . . . . .  2 2 7  
Natural Rubber, Purer . . . . . . . . . . . . . . . .  2 78 
Parachute Boat, One-Man . . . . . . . . . .  145, 1 78 
Reclamation of Scrap . . . . . . . . . . . . . . . . .  105 
Rubber Industry, Conversion of. . . . . . . . 60 
Synthetic and Natural, Mixing . . . . . . . . .  208 
Synthetic Rubber, Chemistry of. . . . . . . . 10 
Synthetic Rubber Thread . . . . . . .  . . . . .  . . 3 0  
Tires, Rayon in . . . . . . . . . . . . . . . . . . . . . .  1 2 4  
W a x  Substitute, Synthetic . . . . . . . . . . . . .  1 8 1  
Wood Replaces Rubber Tires . . . . . . .  . . .  1 2 4  

SAFETY 

Asbestos Suit, One Piece . . . . . . . . . . . . . . 73 
Blackout· Curtains . . . . . . . . . . . . . . . . . . . .  2 2 7  
Fire Hose, New Standards for . . . . . . . . . .  1 5 5  
Fire Resistant Roofing . . . . . . . . . . . . . . . . 58 
Life Belts, Self-Inflating . . . . . . . . . . . . . . .  2 2 7  
Life Rafts, Rubber for . . . . . . . . . . . . . . . . 2 8  
Life-Saver Suit . . . . . . . . . . . . . . . . . . . . . . .  2 2 3  
Pumps for Home Protection . . . . . . . .  1 1 6, 1 1 7  
Raft, Life-Saving .  . . . . . . . . . . . . . . . . .  145, 1 78 
Respirator, Light Weight . . . .  . . . . . . . . .  . 73 

SYNTHETIC RUBBER. See RUBBER 

TEXTILES 

Nylon, Japanese . . . . . . . " 2 6 
Oil-Proof Fabrics . . . . . . . . . . . . . . . . . . . . . 3 2  
Phosphorescent Fabrics . . . . . . . . . . . . . . . 73 
Soy Beans, Development of. 2 1 6  

TOOLS 

Blast Cleaner, Portable . . . . . . . . . . . . . . .  1 3 2  
Broaching Tool, Lubrication of. . . . . . . . .  109 
Brush, Power-Drive End . . . . . . . . . . . . . . 78 
Clamp, Quick Acting . . . . . . . . . . . . . . . . .  288 
Clamp, Toggle . . . . . . . . . . . . . . . . . . . . . . . 3 8 
Coolant Strainer . . . . . . . . . . . . . . . . . . . . . 85 
Cut-Off Tool, Accurate . . . . . . . . . . . . . . . . 38 
Cutting Oil, Germicidal . . . . . . . . . . . . . . .  28 7 
Diamond Tools . . . . . . . . . . . . . . . . . . . . . . 9 
Grinding Wheel, Wet . . . . . . . .  . . . . . . . . .  2 2 9  
Lathe, Turret . . . . . . . . . . . . . . . . . . . . . . . .  1 8 1  
Level, Accurate . . . . . . . . . . . . . . . . . . . . . .  1 8 1  
Machine-Tool Parts, Freezing . . . . . . . . . .  1 5 6  
Machine Tools, G!onversion of. . . . . . . . . .  8 
Marking Machine, Acid . . . . . . . . . . . . . . .  228 
Metal Cutting Attachment for Drill . . . .  1 2 8  
Notching Unit, Self-Contained . . . . . . . . .  28 7 
Pyrometer, Direct Reading . . . . . . . . . . . .  133 
Reduction Drive, Compact . . . . . . . . . . . . .  285 
Rivets, Blind . . . . . . . . . . . . . . . . . . . . . . .  : 3 8 
Sander, Belt type . .. . . . . . . . . . . . . . . . . . . 3 9  
Saw, Steel-Cutting . . . . . . . . . . . . . . . . . . . 85 
Soldering Iron, Rapid Heating . . . . . . . . .  2 2 5  
Soldering Speed-Up, Method of . . . . . . . .  108 
Vise, Hydraulically Operated . . . . . . . . . .  180 
Vise, Tool . . . . . . . . . . . . . . . . . . . . . . . . . . . 84 
Vise, Universal . . . . . . . . . . . . . . . . . . . . .  " 28 7 
Vise with Turret Jaws . . . . . . . . . . . . . . . .  13 2 
Wheel Dresser, Diamond . . . . . 133 
Worn Tools, Reclaiming . . . . . . . . . . . . . .  254 

WAR 

A�rial ·Troop�hip
,� . . .  : . . . .  ;, ' . . . . . . . . . .  230 

Aircraft Carner LeXington . . . . . . . . . . . 49 
Aircraft Carriers, U. S. Navy . . . . . . . . . . 52 
Air Raid Shelters . . . . . . . . . . . . . . . . . . . . .  1 1 7  
Air Raids, Psychological Value of . . . . . . .  290 
American People, Toughness of . . . . . . . . 61 
Anti-Aircraft Wire Rocket . . .  . .  . . . . . . . .  1 75 
Army Plane, Allison Engined . . . . . . . . . . 1 
Blackout Curtains . . . . . . . . . . . . . . . . . . . .  2 2 7  
Blackout Shade Edgings . . . . . .  . . . . . . .  1 72 
Blackout Tape . . . . . . . . . . . . . . . . . . . . . . .  280 
Camouflage, Glass . . . . . . . . . . . . . . . . . . . .  2 76 
Camouflage, New Need for . . . . . . . .  . . . .  1 2 7  
Cargo Planes Rival Surface Ships . . . . . . .  135 
Censorship, Magazine . . . . . . . . . . . . . . . . .  244 
Crmsers, U. S. Navy . . . . . . . . . . . . . . . . .  1 02 
Destroyers, U. S. Navy . . . . . . . " . . . . . . . 148 
Gun Barrels, Cast . . . . . . . . . . .  " . . . . . . . . 1 7 7  
Incendiary Bombs, Handling . . . . . . . . . .  1 1 6  
Microfilm, War Uses for . . . . . . . . . . . . . . .  1 2 1  
Motion Pictures, Military . . . . . . . . . . . . .  2 78 
Navy Air Force, U. S. . . . . . . . . . . . . . .  . .  246 
Optical Shop, Army . . . . . . . . . . . . . . . . . . 74 
Parachute Boat, One-Man . . . . . . . . . .  145, 1 78 
Patrol Bomber, Boeing . . . . . . . . . . . . . . . .  2 3 1  
Physicists in Wartime . . . . . . . . . . . . . . . . . 3 
Pumps for Home Protection . . . . . . . .  1 1 6, 1 1 7  
Pursuit Planes, Increasing Range of. .  . . .  183 
Raiding Airplanes . . . . . . . . . . . . . . . . . . . . 36 
Research, German Aeronautical . . . . . . . .  2 90 
School for Aviators . . . . . . . . . . . . . . . . . . .  1 2 8  
Ship Repair, Naval . . . . . . . . . . . . . . . . . . .  2 62 
Submarine Battery Room Liner . . . . . . . .  2 79 
Submarines, U. S. Navy . . . . . . . . . . . . . . .  1 96 
Tanks, Welded M-4 . . . . . . . . . . . . . . . . . .  1 94 
Telescope Makers, War Work of . . . . . .  , .  61 
TNT, Production of . . . . . . . . . . . .  . . . .  . .  28 
Training Plane, Ryan . . . . . . . . . . . . . . . . .  29 1 
U. S. Fighting Plane, Thunderbolt . . . . . .  290 
War, Seriousness of . . . . . . . . . . . . 1 63 

WELDING 

Arc Blow Eliminated . . . . . . . . . . . . . . . . .  285 
Arc Welding, Future of . . . . . . . . . . . .  . . .  254 
Induction-Heating Brazing . . . . . . . . . . . . 84 
Magnesium Welding . . . . . . . . . . . . . . . . . .  253 
Oxy-Acetylene Welding . . . . . . . . . . . . . . .  209 
Photographs Aid Inspection . . . . .  . . . . . .  108 
Resistance Welding . . . . . . . . . . .  . . . . . .  . .  256 
Riveters Replaced by Welders . . . . . . . . .  156 

WOOD. See also FORESTRY 

Barrels, Collapsible . . . . . . . . . . . . . . . . . . .  1 7 2  
Moisture Content, Determination of . . . .  207 
Sound-Proof Phone Booths . . . . . . . . . .  . .  283 
Timber Demands, Future . . . . . . . . . . . . .  1 70 
Truck Tires, Wooden . . . . . . . . . . . . 2 76· 
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I t  means MUCH to us 
but MORE to our Stealthy Patrols 

. . .  on their hazardous missions 

HONORS won either on the battlefield, in public life 
or on the production line are but a stimulant to 

greater effort and higher standards. Management, me.n 
and machines must team together as never before to 
achieve overwhelming victory. 

The coveted Army and Navy "E", which has been 
awarded to you men at the machines, in the tool rooms, 
on the assembly lines and in every department of our 
plants, is the Armed Services' way of saying "Well done". 
The Board of Directors and the management of Auto­
Ordnance Corporation join heartily with the Armed 
Services in congratulating you on a successful effort. 

But this must be only a beginning. We must come 
through with more - and mOl'e and MORE . . . and 
together we will. 

Your splendid spirit and skill moved the "Tommy" 
Guns from the factory front to the fighting fronts, 
where they belong. You got them there not by hun­
dreds but by hundreds of thousands . . .  not tomorrow 
but yesterday . . . got them there when they were 
needed. 

And the Nazis and Japs ha..-e felt their sting ! 
The men at Dunkirk and Tobruk . . .  in Greece and 

Crete . . .  from Norway to Singapore . . .  and our soldiers 
in their fox holes on Pacific islands have told you so. 

Your own American hearts and hard-working hands 
will tell you best how badly they are needed now and 
how well you can do the job of turning them out. 

Make the "Tommy" Gun a symbol of victory . . .  and 
a way to achieve it. 

AUTO-ORDNANC E CORPORATION 
Manufacturers of the Thompson Submachine Gun . . . .  "Tommy" Gun 

B R I D G E P O RT �:::& C O N N E C T I C UT 
...... LJIl&lO" . 



THE BOOK·OF·THE·MONTH CLUB  INVITES YOU TO BEGIN YOUR SUBSCRIPTION 

WITH ITS CURRENT CHOICE -a � �! 

T H EY WER E EXPEN DA B L E  FROM time to time the judges of the Book-of­
the-Month Club · choose a double selection­

two books offered to members at approximately the 
price of one. They Were Expendable has been 
hailed as the first great story to come out of the 
war-the tragic epic of the Philippines as told by 
four survivors of the heroic MTB Squadron 3. The 
Seventh Cross is a breathtaking novel of escape, 
"unlike anything that has come to us from a Europe 
under the shadow of darkness and fear." Our 
judges have introduced to American readers many 
of the most important European writers-Sigrid 
Undset with Kristin Lavransdatter, Arnold Zweig 
with The Case of Sergeant Grischa, Felix Salten 
with Bambi-and many others. Anna Seghers surely 
belongs in this category. The two books together 
are being sold to Club members for $3.00. 

BY W. L. WHITE 

T H E  SEVE N T H  C RO S S  
BY ANNA SEGHERS 

S QUADRON 3 consisted of six little 
boats-about a dozen ·men to a boat. 

Each boat was armed with four torpedo 
tubes, four 50 caliber machine guns. 
There isn't an ounce of armor steel on 
these boats-they're little eggshells made 
of plywood, powered by three Packard 
motors, designed to roar in, let fly a 
Sunday punch and zigzag out to dodge 
enemy fire. Yet between December 7th 
and the end of February they sank a hun­
dred times their own combined tonnage 
in enemy warships. For every man in the 
combined crews, they had already prob­
ably killed ten Japanese. Their casual­
ties to date were only one man, wounded. 
They were to lose more later, but the 
laps were to pay at almost the same 
ratio. 

Suddenly five Jap bombers dive at the 
three torpedo boats commanded by Lt. 
John Bulkeley. Bulkeley' s men begin 
circling and twisting. They pick out a 
plane, pour 50 caliber slugs into it until 
it crashes. The 3 1  boat gets two more. 
Arter this the planes don't bother straf­
Ing �ITB boats. 

Kelly. the squadron's second in command. gets bad strep infection' in 
his arm, and is ordered to army hospital on Corregidor. where his 
irrepressible high spirits make him a pet of the nurses. They call him 
their one-man morale officer. And when Peggy. with a chotce of 
10,999 men on th", Rock. tUrns down a party and spends New Year's 
Eve with KellY, sharing two apples and a box of marshmallows. it's 
the best New Year ' s  Eve Kelly has ever had. 

Bulkeley In PT41, Kelly In PT34 surprise 
a big Jap cruiser. Although caught in her 
searchlight and a continuous stream of 
fire, KellY gets two direct hits. The cruis� 
er' s magazines explode. she soon sinks. 
Four destroyers now chase the PT boats 
but both finally get away, not without 
casualties. 

Looking like a Spanish pirate. 
black-bearded Bulkeley commands 
the PT41 taking General MacArthur 
and his family from Corregidor. 
Without navigation instruments or 
chart they roar along at full speed 
through pitch blackness. Always 
there is the menace of lurking Jap 
destroyers and dive-bombers. Yet 
the mission is safely completed. 

A FREE COPY • • •  TO N EW M EM B E R S  
The new INNER SANCTUM edition of 

WAR AN D PEACE 
By LEO TOLSTOY 

In this edition, Clifton Fadiman has written a critical inter­
pretation of the novel and an analysis of the present-day 
significance of War and Peace. It includes maps which strik­
ingly illustrate the parallel between the Napoleonic and the 
present invasions of Russia, and show the principal battles 
and places mentioned in the text. A valuable enclosure is 
provided for the reader's guidance, which contains a full 
list of the characters in order of their appearance, and also 
a chronological table of the principal historical events from 
1805 to 1812.  

WHAT A SUBSCRIPTION INVOLVES : 

O. VER 500,000 book-reading families now belong to the Book-of­. 
the-Month Club. They do so, in order to keep themselves from 

missing the best new books they are rea1ly interested in. 
As a member, you receive an advance publication report about the 

judges' choice and also reports about all important coming books. 
If you want the book-of-the-month, you let it come. If not you can 
specify some other book you want, or simply say : "Send me nothing." 

For every two books-of-the-month you buy you receive, free, one 
of our book-dividends. WAR AND PEACE by Leo Tolstoy (see below) 
is typical of these free book-dividends. 

Your obligation as a member is simple. You pay no yearly fee. You 
merely agree to buy no fewer than four books-of-the-month in any 
twelve-month period. You can end your subscription at any time 
after taking four books-of-the-month. You pay for the books as you 
receive them-the regular retail price (frequently less) plus a small 
charge to cover postage and other mailing expenses. 

BOOK·OF·THE·MONTH CLUB, 385 Madison Ave. ,  New York 

PLease enroll me as a member. I am to receive a 
free copy of this new edition of WAR AND PEACE by Leo 
Tolstoy, and for every two books·of·the-month I pur· 
chase from the Club, I am to receive free, the current 
book-dividend then being distributed. I agree to pur­
chase at least four books·of·the-month from the Club 
each full year I am a member ; and I may cancel my 
subscription any time after purchasing four such books 
from the Club. 

Name . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 
Please Print Plainly A 7012 

Address . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 

Cily . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . State . . . . . . . . . . . . . . . . . . . . . . . . .  . 

o I M P O RTA N T :  Please check here if you do NOT want us to 
hegin your subscription with the current double-selection. They 
Were Expendable  and The Seventh Cross. The price ,of the two 
books, to members only. is $3. 00. 

Books shipped to Canadian members DUTY PAID through Book-uf-the�Month Club (Canada) , Limited 




