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MESSAGES GOT THROUGH 

ON THE "BANANA NET" 

T
HERE is many an exciting story about how amateur 

radio operators now in the services have helped 

extend the lines of victory around the world. There's 

the one about the "Banana Net" -the name the boys 
gave to the radio network down in the Panama jungle. 

As the G. I's have it, "it rains continually during the 

rainy season but only once a day in the dry season". 

The "Banana Net" is just one link in the vast network 

set up by the AACS-Army Airways Communications 

System. The AACS safeguards tens of thousands of 

lives by relaying weather reports, coordinating infor

mation on enemy movements and by bringing home 

or locating flying ships that are down or in trou.ble. 

The ranks of the far flung AACS are filled with one· 

time amateur radio operators. Amateurs have always 

found in Hallicrafters equipment the perfection they 

themselves have been seeking. For. these exacting 

technicians Hallicrafters made superior equi pment long 

before the war. As a matter of fact thousands of pieces 

of privately owned Hallicrafters equipment were 

drafted into the services right along with the amateurs 

who once operated them. After the war Hallicrafters 

Will have a new kind of radio ready. Discriminating 

listeners will want the radio man's radio-the radic 

that has an amazing range and performance on all 
bands, short wave and regular broadcast. 

THE HALLICRAFTERS CO • •  MANUFACTURERS OF RADIO AND ELECTRONIC EQUIPMENT . CHICAGO 16, U. S. A 
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1_ Previews of the Industrial Borizon 
S INCE THIS number .of Scientific American, the first .of 12 

100th Anniversary Issues, is devDted tD reviews and pre
views .of the past, present, and future .of industrial research, 
it is fitting that this mDnth's Industrial HDrizDns be scanned 
thrDugh the eyes .of .outstanding men .of science and industry. 
The fDllDwing qUDtes fit neatly intD the integrated pattern 
.of things tD CDme .out .of the research labDratDry and .of the 
increasing cDnsciDusness .of industry's stake in sDciety. 

C O M P E T I TI O R  A R D  lEW IRDOS T RIE S 

"I T IS ALREADY evident," says Dr. Harvey N. Davis, presi-
dent .of Stevens Institute .of TechnDIDgy, "that there is gDing 
tD be in the pDst-war industrial wDrld an unusual amDunt nDt 
.only .of inter-cDmpany, but alsD .of inter-industry and even 
internatiDnal cDmpetitiDn. New industries, such as televisiDn 
and civilian radar, will be fighting fDr places in the indus
trial sun. New raw materials such as the light allDYs and the 
plastics will be available tD supplement Dr displace the mDre 
familiar materials .of pre-war industry. New prDductiDn prD
cesses such as hyper-milling, high-speed brDaching, preci
siDn casting, and pDwder metallurgy will be cDmpeting with 
the mDre familiar machine-tDDls and prDcess .of pre-war 
prDductiDn. All this welter .of pDssibilities will necessitate a 
vast amDunt of industrial research if a firm Dr an industry 
is tD remain Dr becDme prDsperDUS. And there must alsD be 
intensive study .of fDreign lands bDth as markets and as 
SDurces .of impDrts as a basis fDr pDst-war trade." 

R O CKET S IR TBE F U TO R E  

"W ITH MILLIONS being spent in the develDpment .of jet-prD-
pulsiDn engines and airplanes," accDrding tD G. Edward 

Pendray, assistant tD the president .of WestinghDuse Electric 
and Manufacturing CDmpany, "we can nD IDnger IDDk upDn 
rDcket pDwer as a dream .of the future. It is already big 
business. 

"New post-war industries will spring frDm this enDr
mDUS war-time develDpment .of rockets, rDcket mDtDrs, jet
prDpulsiDn planes, and gas turbines," cDntinues Mr. Pendray, 
saying further that "the effect upDn us, as civilians, will be 
enDrmDUS. Jet prDpulsiDn and rDcket pDwer will prDvide new 
altitudes, new velDcities, new pDwer fDr aircraft, and new 
devices as impDrtant and revDlutiDnary tD human life as the 
inventiDn .of the airplane itself. The gas turbine, clDse rela
tive .of the thermal jet engine, is maturing SD rapidly that, 
in a very few years, we may see it driving planes, IDcDmD
tives, ships, and electric generators." 

G O V E R R M E R T  ARD RE S E A RCH 

"T HE JOB .of nDrmal peace-time research," says HDn. RDbert 
P. PattersDn, Under Secretary .of War, "is a private jDb, nDt 
a gDvernment jDb. ThDse branches in which the gDvernment 
will cDntinue in the principal rDle are well knDwn: in nD way 
dD they cDnflict with the scientific functiDns .of industry Dr 
university. What the gDvernment may dD, if it is called upDn, 
is tD furnish infDrmatiDn and financial SUPPDrt. It may fur
nish cDunsel, even leadership. It must nDt, in the nDrmal 
researches .of peace, assume cDntrDl." 

A R EW K I R D  O F  I R D O S T R I A L  C O M P ARY 

"I BELIEVE quite simply that the small cDmpany .of the fu-
ture will be as much a research DrganizatiDn as it is a manu
facturing cDmpany, and that this new kind .of cDmpany is the 
frDntier fDr the next generatiDn." SD said Edwin H. Land, 
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president .of the PDlarDid CDrpDratiDn, speaking at a recent 
fDrum .on "The Future .of Industrial Research," spDnsDred by 
the Standard Oil DevelDpment CDmpany. 

"Internally this business will be a new type .of sDcial unit," 
cDntinued Mr. Land. "There will be a different kind .of bDun
dary between management and lab Dr. All will regard them
selves as lab Dr in the sense .of having as their CDmmDn pur
pDse learning new things and applying that knDwledge fDr 
public welfare. The machinist will be prDud .of and infDrmed 
abDut the cDmpany's scientific advances; the scientist will 
enjDY the reductiDn tD practice .of his basic perceptiDns. 

"Basic research" in these cDmpanies .of the future, as visu
alized by Mr. Land, "will be SD thDrDugh that the equipment 
required fDr manufacturing will be light weight and autD
matic, .requiring relatively small capital investment and 
relatively few DperatDrs. The essential technique fDr increas
ing the amDunt .of wDrk tD be dDne during the next genera
tiDn shDuld be the multiplicatiDn .of fields .of activity rather 
than the multiplicatiDn .of DperatDrs required in any. particular 
activity." 

. 

M A R A G EM E R T  A N D  R E S E A R C H  

"W ISE MANAGEMENT," says Dr. Frank B. Jewett, retiring 
vice president .of the American TelephDne and Telegraph 
CDmpany in charge .of develDpment and research, "will· see 
tD it that thDse WhD direct its research and develDpment Dr
ganizatiDn. are an integral part .of its pDlicy-making grDUp. 
Such participatiDn imposes a grave respDnsibility on the 
directDrs .of research and develDpment. They must be mDre 
than able scientists and technDIDgists-they must· be indus
trial statesmen capable .of viewing the prDblems and. ac
cDmplishments of the labDratDry nDt .only as scientific 
achievements but as part .of an eCDnDmic and sDcial struc
ture. They must be capable .of discarding wDrk-nD matter 
hDW interesting technically-whenever it is clear that it 
dDes nDt fit intD that structure. On the .other hand, they 
must be prepared tD suppDrt tD the limit thDse undertakings 
which they are cDnvinced dD fit intD the eCDnDmic and sDcial 
structure, even thDugh their less infDrmed assDciates in man
agement think .otherwise." 

S C I E N TIS T S  A R E  P E O P L E  

I N DISCUSSING the Dft-prDpDsed thDught that placing all in
dustrial research under gDvernmental directiDn WDuid result 
in accelerated prDgress, ThDmas Midgley, Jr., then president 
.of the American Chemical SDciety said, just befDre his re
cent untimely death: "I have read the variDUS KilgDre Bills 
and the arguments fDr and against; but I must cDnfess that 
I simply cannDt understand the IDgic invDlved. SDmehDw, it 
seems tD me, the prDpDnents .of this· and similar prDpDsals 
assume that research scientists are gDing tD wDrk largely 
fDr the purpDse .of presenting the results .of their labDrs tD 
sDciety free gratis, without any desire fDr rewards fDr them
selves. It is quite true that scientists, as a grDup, are mDre 
willing tD wDrk fDr the sheer JDY .of satisfying their inquiring 
minds than are mDst .other peDple; but it is alsD true that 
scientists have wives .WhD want new autDmDbiles and fur 
cDats, quite like physicians' and lawyers' and judges' wives 
dD, and scientists have children, just as .other fDlks dD, and 
scientists like tD feel that they can raise and educate these 
children, like .other fDlks dD, and tD dD it they are deserving 
.of an oppDrtunity tD .obtain a financial reward that is SDme
what prDpDrtiDnal tD the services they render sDciety. I 
have never been able tD figure .out where they get it under 
the KilgDre prDpDsal." 
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I T is not pleasant to have your peaceful life upset by wartime needs and 

restrictions and activities .... It is not pleasant to die, either .... Between you who live at 

home and the men who die at the front there is a direct connection .... By your actions, 

definitely, a certain number of these men will die or they will come through alive. 

If you do everything you can to hasten victory and do every bit of it as fast as you 

can . • .  then, sure as fate you will save the lives of some men who will otherwise die because 

you let the war last too long .... Think it over. Till the war is won you cannot, 

in fairness to them, complain or waste or shirk. Instead, you will apply every last ounce of 

your effort to getting this thing done .... In the name of God and your fellow man, that is your job. 

BY H IS DEEDS ... 
MEASURE YOURS 

The dvilian war organization needs your help. The Government 

has formed Citizens Service Corps as part of local Defense Coundls. 

If such a group is at work in your community, cooperate with 

it to the limit of your ability. If none exists, help to organize one. 

A free booklet telling you what to do and how to do it will be 

sent to you at no charge if you will write to this magazine. 

This is � war. Help win it. Choose what you will do-�! 

EVERY CIVILIAN A FIGHTER 

CONTRIBUTED BY THE MAGAZINE PUBLISHERS OF AMERICA 
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50 Years Ago in 

(Condensed from Issues of January, 1895) 

PNEUMATIC TIRES - "An interesting series of experiments 
have been made recently to test the difference between the 
road friction of a carriage with and without the modern 
pneumatic-tired wheels . . .  An obstruction 5/16 of an inch 
high was placed in front of each carriage, and it was found 
that 25 pounds was required to haul the steel tired carriage 
over the obstruction and but 11 pounds to draw the pneu
matic tired carriage. " 

ANESTHETIC - "The fiftieth anniversary of the first use of 
anesthesia for the purpose of relieving pain was commemo
rated recently. " 

CANALS - "It has long been proposed to enlarge and gen
erally improve the canal routes connecting New York with 
Philadelphia and Chesapeake Bay, and it now appears that 
this work is to be accomplished .. . The latest report of the 

. surveyors of the Delaware and Raritan Canal stated that the 
full length of their proposed new route would be 32 miles . . . 
It is, furthermore, proposed to make connections with the 
Dismal Swamp Canal, and to widen and deepen this canal." 

GAS ENGINE TRICYCLE - "The accompanying illustration 
.shows the latest improvement in adapting the gas engine 
to the running of wagons on ordinary roads. This tricycle is 

propelled by a two horse power Golden Gate balanced 
gas engine. . . It carries twelve hours' supply of gasoline, or 
two and one-half gallons, and can easily .attain a speed of 
from ten to twelve miles per hour on favorable ground." 

BUILDING CONSTRUCTION - "The Real Estate Record com
mented some time ago upon the immense reduction that has 
been made within the last decade, in the cost of building. Of
fice buildings that cost $1.50 pe,r cubic foot, and even more, 
can be produced by modern methods for 30 or 40 cents a 
cubic foot. This reduction in cost is due in no slight meas
ure to the employment of mechanical devices in building 
operations. . . The employment of steam power in the me
chanical operation of building has, however, by no means 
reached its limit." 

HYDROELECTRIC POWER - "An ambitious plan for utilizing 
the' waters of the Susquehanna River as a means of generat
ing electric power is about to be carried out. . . It is pro
posed to dam the Susquehanna River near Conowingo, 
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Maryland, and erect a large electric power house, similar 
to the one now in operation at Niagara Falls. The power 
obtained in this way will be supplied to Philadelphia, Wil
mington and Baltimore, and other intermediate points . . .  It 
is understood that the Westinghouse Electric Company are 
behind the project. " 

TIME SIGNALS - "Every day at noon a signal is sent to 
various parts of the country by telegraph, so that all op
erators and railway men who hear that signal can set their 
clocks at noon within two or three seconds. People who live 
near railway stations can thus get their time from it, and so 
exact time is diffused into every household of the land which 
is at all near a railway station." 

ELECTRICITY - "The influence of electricity upon the vital 
forces of plants and of animals is not well understood. Its 
effect upon chemical changes and transformation is only 
partly comprehended. An electrical current destroys, disin
tegrates and decomposes. It also builds up, develops and 
perfects chemical combinations .. . The development of elec-, 
trical science has been so rapid that an expert electrician 
would find it difficult to keep informed in regard to its new 
applications to industrial art in all lines. . . It has been re
cently discovered that caustic soda is cheaply produced by 
passing an electric current through a solution of salt." 

COPPER - "The largest copper smelting property in the 
world is at Anaconda, Montana. During the past eleven 
years the magnitude of this plant and its results have been 
steadily increasing, till now the employes are numbered by 
the thousand, and the business aggregates over a million of 
dollars a month . . .  From 1885 to 1892 inclusive the Anaconda 
Mining Company has extracted from the mines in Butte 
district over 450,000,000 pounds of copper." 

TELEPHONY - "Despite its novelty, since the establishment 
of the first telephone lines dates back scarcely more than fif
teen years, there are few industries of which we have had to 
record so numerous and so radical transformations as that 
of telephonic communications." 

FISH FARMS - "The practice of raising food fish for market 
has become of late a very profitable industry, and in some 
parts of the country is being carried out on an extensive 
scale. The equipment of a fish farm, as it is called, is a very 
simple and inexpensive operation. Land which would be 
valueless for ordinary farming may be used for the purpose, 
the only requirement being a plentiful supply of good run
ning water." 

GRADE CROSSINGS - "The blindness of city officials to the 
great and daily dangers to which citizens are exposed by the 
practice of permitting street railways to cross the tracks of 
steam railroads at grade is becoming so serious a matter that 
some kind of a surgical operation seems necessary to restore 
their sight." 

BICYCLES - "In cycle construction the reduction in weight 
has reached a startling point. Twenty-pound road wheels are 
plentiful, and the manufacturer who is carrying anything 
over 28 pounds is the exception and not the rule. ". 

TELAUTOGRAPH - "The long-expected test of Gray's telau
tograph over the long-distance telephone line between Paris 
and London came off on the night of December 15, and re
sulted in a great success. . . The distance. over which the 
writing was electrically reproduced was 312lh miles, and all 
agreed that it was a wonderful spectacle to watch in Paris 
the instantaneous reproduction of the movements of a pen 
in the hands of a man writing in London. Of the 312lh miles 
of line, 23 miles is submarine cable and 5lh miles consists of 
buried conductors at Paris. All of the English land line is 
overhead." 

NEW RAILROAD CONSTRtlCTION - "According to the records 
of the Railroad Gazette there has been much less railroad 
building in the United States during 1894 than in any year 
since the Civil War. Some 1,761 miles of new track have been 
laid in the year, which makes an addition of less than one 
per cent to the railroad mileage of the country, which at 
present is 177,753 miles.". 

SCIENTIFIC AMERICAN JANUARY 1945 



Please help keep LONG DISTANCE circuits clear 
for necessary calls on December 24, 25 and 26. 

BELL TELEPHONE SYSTEM 



Prosperity. Stocks up fifty points in a 
week. Again everybody was buying 
everything-yachts, jewelry, stocks, 
real estate, regardless of cost. Depres
sion? Phooey • • • we thought we'd found 
a way to lick depression. 

What a boom we were handed by 
World War No. 11 Money came easily 
-went easily. Everybody was splurging 
on everything-from silk underwear to 
diamond sunbursts. Prices went skying. 
Sugar eventually hit 28� a pound! 

Or had we? Bread lines, apple ven
ders. WPA. "Brother, can you spare a 
dime?" No jobs. Prices dropping. Wages 
dropping. Everything dropping-except 
the mortgage on the house. "What goes 
up must come down." 

4 THINGS TO DO to keep prices down 
and help avoid another depression 

. I. Buy only what you really need. 

2. When you buy, pay no more than the ceiling prices. Pay your 
ration points in full. 

3. Keep your own prices down. Don't take advantage of war con
ditions to ask for more-for your labor, your services, or the 
goods you sell. 

4. Save. Buy and hold all the War Bonds you can afford-to help 
pay for the war and insure your future. Keep up your insurance. 

Bye-bye, boom. Factories closed; men 
laid off. Prices and wages sinking fast. 
Wish we'd banked some of that dough 
we'd blown a few years bac1f! With jobs 
scarce, that money would have come in 
mighty handy, then. 

We're splurging again. Amer.icans 
have been earning more money. But 
even today there. are fewer goods to 
spend it on-so naturally prices rise. We 
must keep them in check. DON'T LET 
IT ALL HAPPEN AGAIN! 

EVERY 
WAR BOND 
YOU BUY 
WILL HELP 

US 
KEEP 

�N 

A.�Unlted Statu W.r mells". prepared by the War Advertiaiq Coancil: approved by the Of!i:ee of War JaJorm.atioD.: and contributed b,. this m ... asi�fI in eo-opuatioa with the M ... &ine Pablisher. of Ameriea. 
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Archive 
The dramatic moment when Edison's tirst successful electric lamp was lighted 

Research Opens The Door 
How Industry Has Developed the Philosophy of 

Research, Changing the Picture from that of the 

Lone Inventor Struggling Against Tremendous 

Odds 10 the Broad Teamwork Programs of To

day. Present Applications of Industrial Research 

Point the Way Toward Solving Some of Tomor

row's Important Problems 

IT WOULD hardly be fitting to begin an article dealing with 
the historical aspects of American invention and research 
without repeating Patent Commissioner Ellsworth's oft

quoted statement: 
"The advancement of the arts from year to year 

taxes our credulity and seems to presage the arrival 
of that period when human improvement must end. " 

Ellsworth has been credited with making this observation 
in the year 1844. Inasmuch as he was United States Commis
sioner of Patents at that time, he certainly should have 
known whereof he spoke. Personally, in the face of this 
statement, I would have thought twice before embarking on 
the publishing of a magazine to be called "Scientific Ameri
can"-that is, if I expected it to have a bright future. But, 
since Scientific American has been published without inter-

. JANUARY 1945 SCIENTIFIC AMERICAN 

By CHARLES F. KETTEIUNG 
Vice President of General Motors and Directing Head of 

General Motors Research Laboratories 

ruption for 100 years, it is obvious that Ellsworth overlooked 
some pertinent facts. 

Let us take a look at Ellsworth's America from our vantage 
point of 100 years later and see if we are able to uncover 
some of the facts which led Ellsworth to make such a sweep
ing statement. Let us suppose, for example,. that in the year 
1840 or thereabouts we lived in Cincinnati and we wanted 
to travel to the heart of American progress-New York. 
Would we board a plane and arrive there in a couple of 
hours or so? No, indeed. To get there we would have to use 
canal boats, horsecars, steamboats, and the then new
fangled railroad. And it wouldn't be a matter of hours: it 
would take anywhere from seven to ten days, depending on 
the limitations of each mode of travel. 

When we arrived in the metropolis, would we be amazed 
at the sight that would meet our eyes? There would be 
Broadway, for example, a street of three- or four-story 
houses-no office buildings or elevators in those days be
cause people lived and conducted their business in the same 
buildings. On the street would be quite a few brightly 
colored horse-drawn buses-no taxis or subways. We would 
see a man drawing water from a well and taking it into a 
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From The Bettmann Archive 
Charles Goodyear discovers vulcanization of rubber 

house, and the street-cleaning department apparently con
sisted of a drove of wandering pigs whose chief secondary 
function seemed to be getting in the way of the not-so-teem
ing traffic. 

If we happened to look into one of the homes at night, 
we would find the only light coming from a whale-oil lamp 
or perhaps a gas fixture. The coeking in those days was all 
done in open fireplaces and on crude stoves, and all com
munication was by horse or shanks-mare. 

As we look on these concrete evidences of "the advance
ments of the arts" to which Ellsworth referred, we can't help 
wondering just what he ·had in mind. People had been cook
ing in fireplaces for thousands of years and even the Romans 
had aqueducts-they didn't confine themselves to wells in the 
streets. The mail had been carried for centuries by the horse, 
which was almost as fast as the train or boat of Ellsworth's 
day. Where were. these new things that indicated the end 
of human improvement? 

Commissioner Ellsworth may have had iIi mind, as one 
example, Morse's telegraph, because it was in May, 1844, 
that the artist who tinkered with coils and batteries first sent 
over the wires from Washington to BaltiInore the message 
"What hath God Wrought?" But I am pretty sure that Ells
worth didn't visualize at that time the Atlantic cable, Bell's 
telephone, Marconi's wireless, De Forest's electron tube. or 
television. 

SETTING THE STAGE - That period of 100 years ago is one 
of the most interesting ones in the history of American 
invention. Things were beginning to happen all over the 
country that were destined to open the way for the tremen
dous American progress that was to follow. Up in Boston, 
Elias Howe had been working on a machine to sew seams 
mechanically to make clothes; in 1845 he entered his machine 
in a contest against five girls sewing by hand. Howe and his 
new sewing machine won because, as the judges said, his 
machine work was "neater and stronger." 

A few years before, down in Connecticut, a bankrupt in
ventor by the name of Goodyear had smeared a piece of 
rubber with sulfur and left it lying overnight near a hot 
stove. It the morning he found the rubber had taken on en
tirely new properties; he had at last found the secret of 
vulcanizing rubber after a six-year heartbreaking search. 

In 1847 a young man named Cyrus McCormick moved from 
Virginia to Chicago to set up a business there. Sixteen years 
before he had successfully demonstrated at the village of 
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Steele's Tavern, Virginia, a machine that would mechani
cally reap grain faster than could be done by hand and with 
only a fraction of the labor. But it wasn't until 1840-nine 
years after he had invented the reaper-that he was able 
to sell one. By 1844 the McCormick homestead was a small 
industrial center, but McCormick moved his business to Chi
cago be.cause he felt that the agricultural empire of the fu
ture would be on the plains. 

Down in Kentucky, an ironmaster named William Kelly 
made a peculiar discovery when melting some iron to be 
used in casting maple-syrup kettles. He found that if a blast 
of air was blown through the molten iron, the carbon in the 
iron would burn itself out-in other words, the cold air 
would apparently heat up the metal. His young wife thought 
he was crazy and called in a doctor because every one 
knew you could cool coffee by blowing on it. But Kelly 
went on refining iron by this process and over in England, 
Henry Bessemer, who was working on the same process, in
vented the Bessemer converter. The age of cheap steel was 
born. 

Looking back at that period, we now appreciate the fact 
that, simultaneously with the birth of Scientific American, 
men all over this country of ours were setting the stage for 
industrial America. Morse was laying the foundation for 
communication-McCormick was establishing the basis for 
our agricultural empire-Elias Howe was solving the cloth
ing problem-Kelly had found a way to make cheap steel 
which, together with Goodyear's rubber and Col. Drake's 
oil, still to come, made possible the automobile industry that 
started some 50 years later. 

WHY MEN INVENT - It is interesting to note that these 
men were all individualists just as were Sholes, Mergen
thaler, Bell, the Wright brothers, Hyatt, and many other 
of the early inventors. These men, I believe, invented for one 
of several reasons: the problem became a religion to them, 
like Goodyear's search for rubber;. in the case of Howe and 
the sewing machine, there was a belief that the inventor 
would make a fortune; or, in: many cases, the inventors had 
a great desire to do a certain thing, like the Wrights who 
"just wanted to fly." 

All these in:ventors had their troubles-financial, inexpe
rience, lack of facilities, and, in nearly a1'l. cases, an outstand-

Prom Tho Bettmann Archlve 
Otto Mergenthaler demonstrating the operation of the 
"blower machine," the first successful linotype, for 
Whitelaw Reid in the plant of the New York Tribune 
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Above: A working model of the sewing machine de· 
veloped by Elias Howe and patented in 1846. Right: 
Howe, reproduced from an excellent daguerreotype 

ing lack of sympathy and understanding on the part of their 
contemporaries. We must remember also that, in spite of 
Ellsworth's conviction that "the arts" were highly advanced, 
some of the basic facts of physics, chemistry, metallurgy, and 
thermodynamics were just being uncovered-they were al
most starting from scratch. 

But such men as these set into motion forces of great 
magnitude and complexity. The nation mushroomed. Trans
portation and communication became global. Great indus
tries covered the country. Education became almost uni
versal and science made important advances. The problems 
of the individual inventors were becoming more and more 
complex, were calling for new methods· of attack. The en
tire pattern of American life was beginning to change. Along 
with improved transportation and communication came in
creased industrial output-and competition. And along 
with these changes we see a gradual change taking place 
in the method of inventing-the lone inventors, suffering 
hardships and making sacrifices, gradually became fewer 
in number. 

It is difficult to state definitely just when this change 
started to take place. Some people say that Edison was the 
link between the old school and the new school of invention 
and research. Be that as it may, I believe Edison did make 
one discovery which was not assigned to him by the Patent 
Office. In carrying on his many investigations involving the 
electric light, the phonograph, and the motion picture, he 
found that whenever he uncovered a fact in any one of these 
new fields it was just as though he was opening the front 
door to a whole house of facts. Facing him were scores of 
other doors crying for opening and investigation beyond. 

All of these unopened doors which he faced in these many 
fields forcibly impressed upon him the limitations of indi
vidual investigation. One man could not hope to explore 
all these channels in a lifetime. So he hit upon a logical 
solution: he would hire assistants skilled in each line of 
endeavor to open these doors for him and to explore beyond. 
The result was, as a friend of mine describes it "the 'draft
ing' room of 50 years ago grew into the engineering depart
ment which in turn gave birth to the research laboratory." 
Industrial research as we know it today was born of this 
revolution. , 

Along with the necessary developments of modern indus
try have come a multitude of problems that would completely 
baffle an inventor of the old school. To appreciate this fully, 
let us take as an example a single improvement that was 
made

' 
in the suspension system of the automobile some years 

ago---independent wheel suspension, better known to some, 
perhaps, as knee action. This, as we know, involved replacing 
thf front axle and leaf springs, heritages of the old-time 
buggy, with coil springs held between individually pivoted 
arms or "wish-bones." This arrangement not only allowed 
each front wheel to move independently of the other but. 
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more important, made possible the use of softer springs 1IJ 
front, thereby eliminating the uncomfortable "pitching" of 
the car when travelling over a rough road.' 

INVENTOR AT WORK - Now, it is quite conceivable that an 
idea such as this might originate with an individual (actually. 
the general idea is nearly 50 years old), but let's see what 
our lone inventor would have to do in order to have it 
materialize from the idea stage to the point where it be
comes a feature of a standard car on, the salesroom floor. 

First he would have to do the paper work, as we call it 
In other words, he would have to be a mathematician of 
a high order because the accurate calculation of spring rates. 
centers of oscillation, and so on, call, for the generous use of 
mathematics. Then comes the matter of steering geometry, 
which means an accurate lay-out on the drafting board. But 
our inventor is a: versatile man:' he has worked this out and 
is now ready to build a model. 

Since this model must be accurate in every detail. he 
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had better be an A-I tool and die maker with a well 
equipped machine shop handy, or be prepared to spend 
several thousand dollars to have it made. Let us assume 
he has crossed this bridge and that the model is ready for 
test. As is usually the case, it doesn't work, so he has to go 
through the whole thing again. Change this, change that. 
More time, more money. After doing this any number of 
times, the model finally acts as he planned it should. 

But wait a minute; hasn't he forgotten something? Maybe 
someone else has had the same idea and it is covered by a 
patent! So he has a patent search made, which consumes 
more time and dollars and, if he is lucky, he finds the field 
is clear. So he has drawings made, and a lawyer draws up 
a patent application for him. 

Now he has a model and has taken steps to protect the 
idea legally. It has taken time; perhaps a year or more has 
passed. But he is ready to make a working sample. So he 
selects a car which he feels would be suitable and proceeds 
to have the conversion parts made. His machine shop is 
inadequate for this larger work with its required forgings, 
castings, and so on. So he has to make new drawings, new 
calculations, and start at the beginning again. And that 
takes more time, more money. 

Months roll by and he is ready for a road trial. But the 
working sample doesn't function like the model-a spring 
breaks, the wheels shimmy, or a hundred other things may 
happen and each one has to be ferreted out and corrected. 
To do this he has to be a metallurgist, a mechanical engi
neer, a mathematician, an optimist, and a very well-to-do 
man. 

But we can readily assume that our mythical lone inventor 
is all of these. so the �eat day finally arrives when he is 



From The Bettmann Archive 
The age of cheap steel was born when it was dis
covered that air, blown through molten iron in the 
Kelly "steel converter" would burn out the' carbon 

to demonstrate his invention to the automobile company 
which he has in mind as the purchaser of his brain child. 
He proudly demonstrates the superior riding qualities of the 
"knee-action" car over a very rough road and awaits the 
reaction of the company's engineers. The engineers suggest 
that they return to the office at the plant; then they proceed 
to ask some very embarrassing questions such as: "How 
many thousand miles have you put on the suspension? "; 
"How does it work in hub-deep mud or water? "; '�What is 
the effect of slush freezing on it in the winter? "; "What is 
your estimate of the additional cost of the new construc
tion over the standard construction in car quantities of two 
million or so? "; "What is your financial proposition? " 

Our friend is bewildered. He can only guess at the 
answers. The experienced engineers know that his esti
mates are far wide of the mark. But they agree that they 
should test the car on their proving ground in an attempt to 
try to find some of the answers. The results they eventually 
get are usually most discouraging to the inventor. If they find, 
though, that the idea has some merit, they make an arrange
ment with him and the whole repetitive cycle of design and 
test, production design and test, night and day, summer and 
winter, has to be gone through. This work involves scores 
of men-researchers, metallurgists, design engineers, chassis 
engineers, production men, test engineers, and lastly, the 
sales force. 

There are many places for the inventor to become hope
lessly lost in this process. He must have the faith of Good
year, the creative ability of the Wrights, the patience of 
Edison, the business ability of Robert Fulton, the production 
knowledge of· Ford or Knudsen-and, in addition, sufficient 
thousands of dollars to see the thing through. 

METHODS HAVE CHANGED-Please don't misunderstand me 
when I paint this rather dark picture of the lone inventor's 
chances of succeeding in this modern world of ours. Don't 
get the impression that the chances of doing a new thing 
are impossible today. On the contrary, the chances are 
better than they ever were because we have a broader base 
upon which we can build. All I am trying to do is to point 
out that our methods of attack on the unsolved problems 
are quite different from those of a hundred years ago. 

Perhaps I can better illustrate this fact by an actual ex
ample. Over 50 years ago Rudolph Diesel saw a Malayan 
fire syringe in a museum and hit upon the idea of using the 
same principle of compression-ignition as the basis of a new 
type of internal-combusion engine. After many unsuccess
ful attempts to apply .the principle he at last produced a 
wdrking engine. From the standpoint of thermodynamics 
it was a very efficient' engine-in fact, the efficiency of the 
so-called Diesel cycle surpassed that of the Otto cycle com
monly employed in the ordinary gasoline engine. 

u. 

Unlike gasoline engines, however, Diesel engines were 
afflicted with several handicaps-they were large, heavy, and 
ran at slow speeds. In these respects they resembled steam 
engines more than gasoline engines. As a consequence, they 
were used principally in stationary power-plant installations 
and on ships. As time went on, the weight of the Diesels 
gradually came down as some of the structural features 
and materials used in the rapidly improving gasoline engines 
were incorporated in compression�ignition engine designs. 
But they still couldn't approach the gasoline engine on a 
power-weight ratio basis. 

This was the situation in the 1920's when our research 
laboratories decided to take a fresh look at the compression
ignition engine. The first thing we had to do, of course, was 
to divorce it from the steam-engine and gasoline-engine 
schools of thought. We decided to attempt to design and 
build a compression-ignition engine like it wanted to be 
built and not like any other type of engine. 

PRODUCTION DIFFICULTIES - To begin with, we started on 
the fuel-injection system, and after several years experi
mentation we arrived at the high-speed unit injector. Then 
we ran into the production fellows. The heart of the in
jector was the plunger which, in order to function properly, 
had to be fitted to the pump cylinder to an accuracy of a 
quarter of a tenth of a thousandth of an inch-less than one 
hundredth the diameter of a human hair. This is a far cry 
from the accuracy James Watt boasted of when he fitted 
a piston to a cylinder of a steam engine with a clearance 
of the thickness of a shilling. . The production engineers 
threw up their hands, so we started our own precision in
jector department and solved that one. 

In order to take full advantage of the compression-ingi
tion cycle, we designed the new engine to operate on the 
two-cycle rather than the four-cycle principle. In other 
words, we would get a power stroke every revolution of the 
crankshaft instead of every other revolution. Theoretically 
this would give us twice the power from an engine of the 
same size. But this necessitated a blower to force in the 
fresh air. But this necessitated a new type of blower having 
spiral vanes. Again the production engineers were hes
itant. So we had to develop at the same time a new 
machining operation. I bring out these points just to show 
how many angles there are to doing any new thing. 

After these years of work we thought we had our prob
lems just about licked but in reality we were just starting. 
This time it was the pistons which had a bad habit' of seiz
ing under the heat and high loads. So we began on the 
period of piston research and months and months. passed 

Prom The BeUm&Dll Archly. 
William Kelly, inventor of the "steel converter" 
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before we finally hit on one that would run satisfactorily. 
However, after about 10 years of experimentation on the 

part of scores of engineers, designers, metallurgists, chem
ists, and production men-all working with every facility 
available, from electro-limit gages to dynamometers, milling 
machines, stroboscopes, and thermocouples-we had an en
gine to exhibit at the 1933 Century of Progress in Chicago. 
We ran it during the day and repaired it at night, but out 
of it all came a new, light, high-speed engine which the 
next year was installed in the first of the modern, high
speed, Diesel-powered streamlined trains. 

MODERN RESEARCH GROUPS-The foregoing, I believe, gives 
a rough idea of how modern group research works. The 
man with the ideas, the man with the patience and persist
ence, the man with manual skill, the craftsman, and the 
man with ingenuity - each has his place in this picture. 

Bell inaugurating the New York-Chicago telephone 
line in 1892. Right: A view of lower Broadway; New 
York City, in 1889, showing the vast maze of overhead 
wires just before they were placed underground 

Working as a group, they can do things that it would be 
practically impossible for them to accomplish individually. 

From this little picture of a research project which I have 
given, you might draw the conclusion that the time, money, 
and effort expended is rather large just to get an engine for 
a streamlined train. But let's see what happened to that 
engine in the ten years after 1934. From the sleek, stream
lined trains, it went into switching engines and then into 
freight service. A smaller version is being used in power 
generating units; it is being used also in both city and 
inter-city buses and trucks. On the water the use of the 
compression-ignition engine has spread in tugs and other 
boats. When World War II came along it powered sub
marines, and nearly all our landing craft, as well as many 
of our tanks and other heavy-duty land vehicles. 

That is one thing that is certain: once a new idea is drawn 
out of oblivion, no one can predict just what will become 
of it or who will apply it to new uses. Take, for example, 
the case of F -12, or Freon. To get the background for this, 
it is necessary to take a look at the mechanical refrigerator 
at the end of World War 1. It was in the kindergarten 
stage of development but w� did recognize one fact about it. 
Th�· gas refrigerant of those days had some very unpleasant 
properties: it was toxic and caused irritation and when 
the system sprang a leak in the home or in a hospital,the 
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resulting effects could De quite harmful to human beings. 
So our Organic Chemistry Department was assigned the 

job of doing something about this unhealthy situation. In 
other words, they had to find a new gas that would be 
non-flammable and non-toxic. After studying all avail
able scientific tables and data it was found that only a few 
things would meet the specifications which had been set 
up, and that each one of these had some objections. 

The most promising group of chemicals contained fluorine 
which, as every high-school chemist knows, has a bad re
putation. Despite this, all the compounds were investigated 
in the hope that' some fluorine compound could be found in 
which the bad qualities would neutralize each other. Thomas 
Midgley descriped this investigation in these words: "We 
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At 1 0 : 3 7  A.M., on December 17, 1903, 
the first powered Wright plane soared 
over the sands at Kitty Hawk, North 
Carolina. The take-off wall from a 
wooden track seen at the left. Orville 
Wright was at the crude controls ; WiI· 
bur Wright, on the ground, guided the 
plane by running along on the sand 

Left : Orville Wright 

Right : Wilbur Wn.ht 

plotted the boiling points, worked slide rules, brushed away 
eraser dirt and pencil shavings, and did all the other formal
ities that take the place of tea leaves and crystal balls in 
the life of a scientific fortune teller." After this had gone 
on for a long time, the search focused on one compound 
which, for simplicity, was called Freon. 

To make this unusual compound, the research team found 
that in this country there were only five one-ounce bottles 
of the starting material which they wanted to use. One 
was selected at random and a few grams of Freon were 
prepared. A guinea ' pig was placed under a bell jar with it 
and, much to the surprise of a physician present, did not 
gasp and die-in fact it was not even irritated. When sam
ples from ' the other four bottles were tried, the experiment 
did not work. By sheer luck the researchers had picked 
for the first experiment the only bottle containing a per-
fectly pure chemical. . 

As the result of the development of Freon, all risk of 
toxic harm. was removed from household and hospital re
frigeration and air conditioning equipment. But when 
World War II came along and our soldiers invaded the 
malaria-infested islands of the South Seas, Freon was called 
upon to do a new job. It was found to be the most effective 
carrier for the insecticide used to destroy the malaria
bearing mosquito. Still later it was also found to be a 
most efficient insulator for certain very important electrical 
equipment used by our armed forces. 

Here, within the short span of less than 15 years, a gas 
designed as a refrigerant also plays the parts of an insec
ticide carrier and an electrical insulator-two uses which. 
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by n o  stretch of the imagination, could possibly have been 
foreseen by the research men who originally produced it. 

INVENTION AND RESEARCH- I believe that nothing better 
demonstrates the change which the world has undergone in 
the past century than a comparison of methods used by man 
in uncovering new facts a hundred years ago and today. 
Yet there is no sharp line of demarcation between Invention 
and Research, except for this distinction-Invention has to 
do with a specific result, while Research is concerned with 
the determination of those factors which may be necessary 
to the development of that result. 

Today many people are confusing our geographical frontier 
with our mental frontier. When the first edition o'f Scientific 
American made its appearance, America was still a country 
of undeveloped resources, unexplored wilderness, and mil
lions of uncultivated acres. Today these physical frontiers 
are practically gone and some people say we have no future 
-that we, as a nation, have reached our maturity. 

But just as Morse, McCormick, Fulton, and Stevenson 
gave our forefathers the means of developing the frontier 
of a hundred years ago, modern science and research are 
putting into the harids of today's explorers the means of un
locking innumerable doors to undiscovered facts. It is easy 
to look back and marvel at our accomplishments of the past 
hundred years, but I had rather look ahead to the next 
hundred because there in the future the frontiers are 
limitless; or, to put it another ' way, as I have often said, 
there will always be a frontier where there is an open 
mind and a willing hand. 
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METALS IN INDUSTRY Conducted by F R E D  P .  P E T E R S  

Beller Melals Through Research 
Oulslanding War-Time Research-in-Melals Developmenl is Ihe Sharing of 

Dala and Efforts by Manufaclurers. The Inevilable Resull is Beller 

Malerials and Melhods for Peace-Time Producls. These Will be Converled 

inlo Applicalions 01 Imporlance 10 Induslry and Ihe Public Alike 

DESPITE all the dramatic records 
established by our metal-working 

industries in boosting the production 
of existing plants and expanding the 
capacity of whole industries by new 
building and the use of efficient produc
tion methods, the war-time metals de- ' 
velopment of most potential significance 
to this country is what has been learned 
about metals research. It is metals re
search that has made possible war-win
ning materials, and metals research 
that has laid the foundation for the 
conversion of those materials into 
peace-time applications of importance 
to the industrialist and the ordinary 
consumer alike. 

This war evolved something hereto
fore unknown in our history-an in
tegrated non-governmental organiza
tion for carrying out and .correlating 
industrial research in metals that blue
printed our conservation, alloying, 
capacity-expansion, and new-product 
developments on a scale beyond any
thing our enemies have approached or 
we ourselves had previously imagined. 

This organization, the War Metal
lurgy Committee, is a creature of the 
National Academy of Sciences and the 
National Research Council. It serves 
the functions of organizing and con
ducting specific research on metallurgi
cal problems for the War Production 
Board. It also advises war-production 
agencies and the Armed Services on 
probleIns of conservation and use of 
metals and alloys. More than 100 re
search projects completed or now 
underway throughout the country are 
directed and supervised by the War 
Metallurgy Committee. 

Without certain accomplishments of 
this group of metal researchers, victory 
in this war would not be possible, ac
cording to some authorities. Thus it was 
the War Metallurgy Committee that 
pushed the research that ended in 
the development of the low-alloy Na
tional Emergency steels, without which 
demands could not have been met for 
the large tonnage of alloy steel re
quired for tanks, machine parts, air
craft equipment, motor vehicles, and 
so on. 

The same Committee promoted the 
use of methods for making magnesium 
which increased production 300,000 tons 

or nearly 100-fold; it developed pro
cesses for making alumina from do
mestic bauxite or even from clay ready 
for use should the situation demand 
it; it supervised the planning and metal
lurgy of the only American tin plant to 
ease the tremendous pressure on our 
tin supply. In addition, it developed 
high-temperature alloys and precision 
manufacturing methods that made pos
sible the efficient operation of turbo 
superchargers and gas turbines now in 
regular use on many of our high-flying 
heavy bombing planes. Other achieve
ments of the Committee were to work 
out countless processes for making a 
little metal go a longer way, for speed
ing the production of badly needed 
metal products, or to permit use by 
the Armed Services of non-critical 
materials once considered incapable of 
munitions application. 

The chairman of this committee is 
Clyde WilliaIns, Director, Battelle Me
morial Institute, (itself a metals re
search organization that has grown 
astonishingly during the war); the vice 

chairman is Dr. Zay Jeffries, Technical 
Director of General Electric's Lamp 
Works and one of the fathers of scien
tific metallurgy in this country; the 
members include dozens of metal
lurgists and engineers in industry, col
leges, and research institutes. But more 
important than who is on the commit
tee is the fact that it represents a bank 
of metallurgical know-how in which is 
deposited, without fear of competitive 
advantage, the full store of metallurgi
cal knowledge accumulated in recent 
years by our research staffs and out of 
which is drawn their tested technical 
knowledge and experience, for the most 
efficient use of materials in munitions. 

PURE AND APPLIED RESEARCH-Not all 
the research on metals conducted for 
war purposes has been under the . aus
pices of the War Metallurgy Comnlittee, 
but the 'committee has had its iron� in 
so many fires that it is difficult to deter
mine where its inspirations and activi
ties begin and end. In the vast panorama 
of war-time research in metals, the 

Rollinq an experimental alloy inqot at the Aluminum Research LaboratOries 
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strongly scientific or pure theoretical 
aspects have been pushed into the 
background. Practical research, never
theless, is certain to unearth many data 
that eventually will be 'l1tilized by the 
pure scientists when they return to 
their academic pursuits. 

Similarly, the products of this war
time research have direct peace-time 
implications. The high-temperature 
materials mentioned previously will 
make possible a new gas turbine in
dustry which will eventually supply 
units for transportation and other 
equipment in what is now the estab
lished domain of Diesel and gasoline 
engines. The work on aluminum from 
low-grade domestic ores means that the 
development of light-metal applications 
may be continued without fear of an 
eventual loss of raw material supply. 
The precision casting methods evolved 
for the manufacture of supercharger 
blades, buckets, and so on, will be ap
plied in the post-war period to the 
manufacture of countless intricate parts 
to close tolerances on a mass-produc
tion basis. 

MATERIALS-In the field of materials, 
recent research in metals has evolved 
new aluminum alloys, much stronger 
than anything available before the war 
and combining qualities of strength 
and corrosion-resistance certain to find 
broad peace-time use in aircraft, rail
way cars, busses, automobiles, and even 
machinery of certain types. Systematic 
studies of beryllium-copper have re
sulted in methods of treating and 
working this material that make it 
best for many kinds of fine precision 

Creep tests beinq conducted in the 
research laboratorIes of the United 

, States Steel Corporation. Such tests 
as these are part of the develop
ment proqram that has qiven rise to 
new heat-resistant alloys for qas 
lurbine and supercharqer component. 
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springs. Research o n  th e  effect of low 
temperatures on metals has not only 
given better materials to withstand the 
embrittling effects of sub-zero tempera
tures on aircraft parts but also pro
vided infprmation on how to improve 
tool steels by refrigerating them during 
their heat-treating cycles-the last a 
development that should save American 
industry thousands of dollars in its 
machining operations in any post-war 
year. 

METHODS-Nor has research on metal
working methods lagged. Industry-wide 
coordinated research attacked the prob
lem of producing steel cartridge cases 
that would perform satisfactorily in 
place of brass. The real sticker was the 
drastic forming operation. Research 
finally licked it through suitable modi
fication in the conventional deep-draw
ing steel, and painfully developed heat
treating and forming methods. The 
result was enough steel cases to relieve 
the pressure on brass during the most 
critical shortage period of the war. And 
the practice that war-time research has 
evolved will permit the post-war manu
facture, once considered impossible, of 
drawn parts in steels as strong as those 
that can now be used. 

Similarly, the heat treatment of steel 
has been the subject of a vast amount 
of research replete with peace-time 
potentialities. The most important of 
these researches, reviewed in the De
cember, 1944, issue of Scientific Ameri
can, include the development of dras
tic quenches to bring out the full 
hardness of steel with a minimum of 
alloy-a combination that reconversion 
engineers are already planning to util
ize for technically controlled mass-pro
duction of low-cost machine and engine 
parts, general hardware, and so on; iso
thermal treatments to permit the crack
less and distortion-free hardening of 
irregular-shaped parts; electronic in
duction heating to provide ultra-thin 
hardened cases without carburizing; and 
many others. 

Modern research in metals has in
creasingly centered around certain 
causes of failure or service problems 
whose solution will vastly enhance the 
performance of metals in many situa
tions. Those conditions that have re
ceived most attention are creep of 
metals or gradual flow under sustained 
stress; the fatigue :of metals or their 
failure in vibration at relatively light 
loads; corrosion of materials in marine, 
industrial, or just ordinary environ
ments; and the wearing away and gall
ing of bearing surfaces. 

These researches have been in some 
cases spectacularly successful. Here, 
for example, is the telescoped story of 
the fatigue-of-metals problem and its 
practical solution based directly on re
search. The preoccupation of a small 
group of men with the conditions that 
hasten the failure of auto and railroad 
axles, compressor shafts, bearings, re
ciprocating machine parts, bridge 
cables, and so forth, gave, first, de
pendable ,methods of testing the en
durance of ,metals. These in turn helped 
a larger group of engineers to under
stand the importance of improved en
durance; of avoiding surface discon-

A pilot plant at Jones and Lauqh
lin Steel Corporation includes a 
37S-pound electric meltinq furnace 
used to prepare test heats of steel 

tinuities and roughnesses, sharp con
centrations of stress in service, and the 
like; of designing for dynamic balance ; 
and of prestressing or otherwise placing 
the outer metal layers of a metal part 
in a state of compression. 

Finally, practical methods such as 
the prevention of decarburization of 
steel (which hastens fatigue failures), 
the superfinishing of parts to "rough
nesses" measured in micro-inches, the 
use of balancing machines and tech
niques to locate and correct fatiguing 
unbalance in rotating parts and-most 
recently-the application of shot-peen

' ing blast treatments to cold-work metal 
surfaces, were developed and are now 
widely used to combat fatigue fail
ures or to increase the loads that a 
product can withstand indefinitely 
under vibration, without failure. 

THREE SIMILAR STORIES-The stories of 
creep, corrosion, and wear research are 
similar. Creep studies produced the 
high-temperature alloys previously 
mentioned. Corrosion work has tre
mendously increased the utility of 
many alloys by showing what cor
rosives and what "galvanic couple" 
combinations should be avoided, and 
has stimulated the development of 
more corrosion-resistant alloys and of 
durable protective coatings. 

Bad boy Wear and his father, Fric
tion, are currently undergoing some of 
the most intense investigation. Bearing
wear problems were usually attacked 
empirically-by trying various bearing
shaft combinations, bearing alloys, 
lubricants, operating conditions, and 
so on-until the best set-up was 
evolved. Now the scientific brains of 
the automotive, railroad, oil, and bear
ing alloy manufacturers are probing 
the abstruse realms of intermolecular 
forces and behavior for the secrets of 
metal-to-metal wear. 

The outcome is certain to be longer
lived bearings for hundreds of uses and 
therefore more efficient machines and 
engines, plus a host of by-products. 
Already recognized as a related devel
opment is the new technique of high
speed milling of steel, the direct result 
of coordinated research on the mecha-
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nism of wear in metal-cutting opera
tions. A well-known manufacturer of 
friction parts (brake disks, clutch faces, 
and the like) made by powder metal
lurgy has decided that a scientific in
vestigation of the nature of friction 
between metals would not only'help his 
own product development but might 
illuminate the whole field of powder 
metallurgy, which is itself engrossed in 
the consideration of particle-to-particle 
bonds from other points of view. 

TOOLS OF RESEARCH-Many research 
tools of relatively recent development 
have been essential factors in the ac
celerating pace of metals research. The 
electron microscope, capable of magni
fying metal structures 100,000 times, 
will hasten the development of new, 
highly hardenable steels and alloys, 
and will solve many research problems 
in powder metallurgy. X-ray and elec
tron diffraction help us to understand 
the atomic structures of metals both 
far below and exactly on metal surfaces. 
Electronic micrometers permit the 
measurement of tiny movements in 
delicate specimens without imposing 
an extraneous load from the instru
ment-a valuable contribution to spring 
research and to studies on the cold 
flow of metals within the "elastic" 
range. 

Hardness testers that measure the 
hardness of microscopic areas of metal 
surfaces, ultra-high-speed photography 

Part of the flotation unit of a man· 
qanese·production pilol plant. oper· 
ated by Bureau of Mines in Nevada 

for studying metal-to-metal impact be
havior, and photomicrography in color 
are but a few of the new weapons of 
the metallurgical scientists in their 
campaign for better materials and 
methods. 

Metals research men look for no end 
. of problems for them to tackle in the 
months and years ahead. The coming 
competition among materials will be 
preceded and fanned by intensive al
loy development and announcements 
of new products of alloy research. 
Among the still unsolved problems or 
those now undergoing study are the 
di!;covery of brazing alloys that melt 
somewhere between the 700 degrees, 
Fahrenheit, of the highest-melting soft 

solder and the 1100 degrees, Fahrenheit, 
of the low-melting silver brazing al
loys; the development of corrosion-re
sistant or stainless steels that machine 
as easily as screw-stock; the establish
ment of important uses for magnesium 
powder aside from pyrotechnics; the 
economical production of iron or steel 
parts by powder metallurgy that have 
mechanical properties comparable to 
those of the strongest cast, forged, or 
rolled steels; and that old perennial, 
the low-cost manufacture of aluminum 
from clay. 

Writing recently in Metals and Al
loys, Dr. Jeffries declared that "the 
most important metallurgical engineer
ing development of the war is the 
opening up by industry of its great 
bank of metallurgical know-how to 
competitors and non-competitors alike 
with little regard for post-war conse
quences." Actually those post-war 
consequences are certain to be better 
materials and methods for all of indus
try and better peace-time products for 
the ultimate consumer. 

MAGRESIDM POROSITY 

BeiDg Correded h, Use 

Of OrgaDic ImpregDaDls 

POROSITY exists in magnesium alloy 
castings, as in other metals, to varying 
degrees, depending on alloy composi
tion, casting conditions, and gas con
tent. An unavoidable feature of mag
nesium aircraft castings, porosity . is 
being widely corrected in that field on 
a production scale by impregnating the 
castings with specially developed or
ganic compounds in an autoclave after 
extracting air from the pores by a 
vacuum treatment. 

Originally sodium silicate was used 
and then tung (or China-wood) oil, 
until the supply of the latter available 
for this use disappeared. The com
pounds that are nicely filling the gap, 
with results promising their continued 
use when tung oil returns from the 
wars, are alkyd resin fatty acids, modi
field by and reacting with monostyrene. 

From a cost standpoint the old and 
the new materials would be approxi
mately on the same level. Castings im
pregnated with the new compounds 
have successfully withstood pressure 
tests of 1000 pounds per square inch 
and treated aircraft-engine cylinder 
heads have passed service tests of more 
than six months' duration, according 
to the records. 

SHOT PEEIfDIG 

Improves MechaDical 

Properlies of Melals 

AMONG metal-working's fastest-mov
ing trends is the growth in use of the 
shot-peening process, whereby the sur
faces of steel parts are bombarded with 
metallic shot to improve the mechani
cal properties of the parts, especially 
in vibration service. 

Peening is a cold-working operation 
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that produces a shallow layer of surface 
metal which is harder, stronger, and less 
ductile than the underlying metal. The 
chief advantage of shot peening is that, 
through the formation of this surface 
layer of metal in a state of compressive 
stress, it increases the "fatigue strength" 
or "endurance limit" (resistance to 
cracking or breaking in repeated-stress 
or vibrational service) of the part and 
either lengthens its life or permits the 
use of heavier fatigue-loads than can be 
used with unpeened parts. 

To a certain extent shot peening can 
replace heat treating or surface hard
ening if distortion must be avoided. It 
is being applied to finished parts, such 
as springs; to specific areas, as fillets 
on structural or machine parts; and to 
the bodies of shafts to resist pitting
corrosion or "corrosion-fatigue." Shot
peened gear teeth have improved re
sistance to pit-corrosion and to wear. 
It has also replaced polishing, for shot 
blasting has long been used for clean
ing parts. Furthermore, the blast inten
sities used for peening have a distinct 
polishing effect. 

The machines used are similar to 
those conventionally employed for 
blast-cleaning by the shot method, the 
shot being thrown against the work by 
compressed air blast or, without air, 
by centrifugal means. They usually em
body automatic and conveyorizing fea
tures for incorporation in mass-pro
duction systems. 

STRORG ALLOY 

Made WUh Alamiaam, 

MagDesium. ZiDc, aDd Copper 

RECENT months have seen the introduc
tion to industry of two new strong 
aluminum alloys-75S of Aluminum 
Company of America and R301 of Rey
nolds Metals Company. Now a third 
has appeared, also of outstanding in
terest to post-war designers and ma
terials engineers. 

Aft�r nearly two years of laboratory 
tests and development of fabricating 
processes, "the strongest aluminum al
loy yet available for commercial use" 
was recently announced by Mr. Paul 
P. Zeigler, Reynolds Metals Company 
chief metallurgist. 

This aluminum ·alloy, known as R303, 
is made with magnesium, zinc, and cop
per. It is described as the first combi
nation of this type to possess such 
strength and at the same time to be 
free of defects�susceptibility to corro
sion and stress cracking-which for 
years have made similar alloys im
practical for use in the construction 
of aircraft. 

The new alloy has almost three times 
the compressive strength of structural 
steel. Tests have shown this alloy to be 
over 50 percent higner than structural 
steel in tensile yield strength and 70 
percent stronger than the other oldeI' 
type high-strength aluminum alloys. 

When peace comes, the new alloy will 
be available for railroad · equipment, 
automotive parts, and heavy machinery, 
as well as for baby carriages, furniture, 
and appliances and other light house
hold articles. 
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RAILROAD TRANSPORTATION Conducted by C .  B .  P E C K  

Roilwoys Roll On Reseorch 

THE RAILWAYS of America have been 
the beneficiaries of a greater variety 

of industrial research extending back 
over more years than perhaps any other 
industry in America. Indeed, there are 
few industries whose research develop
ment has not contributed to railway 
progress, for the reason that railroads 
are large purchasers of the products of 
almost every industry. 

Why has the physical progress of 
the railways depended so largely on 
sources outside themselves? Because 
the railways are a service industry and 
produce no physical product for sale. 
Furthermore, through most of their 
history the unsatisfied demands for 
capital to improve and expand facilities 
involved directly in the conduct of 
transportation have left little oppor
tunity for the railroads to undertake 
the development of manufacturing fac
ilities that would supply their own 
needs. Consequently, they have pro
vided a large and diversified market 
which enterprising manufacturers have 
not been slow to exploit. 

This has resulted in the development 
of the so-called railway supply indus
try which includes locomotive and car 
builders, manufacturers of couplers, 
draft gears, freight-car trucks, car 
wheels, brake shoes, locomotive super
heater and feedwater heaters, locomo
tive boosters, and air brakes. It also 
includes firms that manufacture special 
power and control equipment for pas
senger-car lighting and ;heating, as 
well as track fastenings, ballast-clean
ing equipment, power tools for track 
maintenance, and manufacturers of 
many other specialties for locomotives 
and cars, and even special shop tools 
for their repair. All these manufac
turers employ industrial research in 
some form, many in their own labora
tories, for the advancement and im
provement of their products. 

But this does not mean that the rail
ways themselves have not been engaged 
in research. Indeed, some of the ear
liest industrial research conducted in 
the United States was initiated by the 
railroads. In cases where they did 
not conduct it directly, they neverthe
less inspired and ' guided it. In fact, 
since shortly after the Civil War such 
projects in increasing number have 
been a continuous factor in the busi
ness. 

RAILROADS BEGAN EARLY-One such 
investigation reported at the 1875 meet
ing of the American Railway Master 
Mechanics' Association was a series of 
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Many Problems Became the Subjects 01 Research Early in the History of 

the Industry. Some of These Have Been Under Almost Continuous Investi· 

gation Since. Practially No Industry Employing Research in the De· 

velopment of its Products Has Nol Made its Contribution 10 Ihe Railways 

Drop·test set-up in the draft.qear lab
oratory of the Association of Ameri· 
can Railroads at Purdue University 

drop-hammer tests of iron and steel 
axles conducted in a Philadelphia ship
yard. The results showed that steel 
possessed superior stiffness and endur
ance. Indicative of a pattern which 
has been repeated many times since, 
the services of the physical testing lab
oratory at the Stevens Institute were 
utilized in determining the physical 
properties of specimens of the material 
in the axles tested. 

In 1873 a committee of the Master 
Car Builders' Association arranged a 
competitive trial of the Westinghouse 
automatic air brake and the Smith 
vacuum brake. A year later the com
mittee set forth. a specification of what 
then seemed to be required of a per
fect power brake. After further study 
and testing, the Master Car Builders' 
Association eliminated other brakes 
and, following the famous Burlington 
tests of 1887, the air brake became the 
standard for freight trains ail well as 
for paslenger trains. 

The railways themselves were less 
directly responsible for the industrial 
research involved in the development 
and improvement of braking than in 
formulating requisites and stimulating 
progress by the manufacturers. Be
cause the brake is an important factor 
in the safety of train operation, the 
government, through ' the Interstate 
Commerce Commission, has also in
fluenced the direction which brake 
investigation has taken. After hearings 
on its own initiative, ordered on Feb
ruary 20, 1922, the Commission set 
forth a specification of functions which 
in its opinion were required by a 
freight brake to control safely the 
speed of long, heavy trains. Appliances 
created by the air-brake manufacturers 
to meet the Commission's SPecifications 
were investigated by the railways on 
the ISO-car test rack of the American 
Railway Association at Purdue Univer
sity. Those possessing sufficient merit 
were then given road tests on ISO-car 
trains. 

This project was placed in charge of 
a director of research appointed by the 
American Railway Association in 1924. 
The road tests were completed in March, 
1931. The commercial brake developed 
by the manufacturers has now been in
stalled on about half the freight cars 
of American railroads. Functioning in
terchangeably with the much simpler 
and less effective brakes which it 
supersedes, it has greatly improved the 
safety of long-train operation. 

These examples are only suggestive 
of the pattern of research contribut
ing to the advancement of railway 
transportation ' facilities. There is a long 
list of additional car and locomotive 
devices which industrial research has 
helped to establish, improve, and re
fine. Here are a few of the items. There 
is the friction draft-gear on which a 
large amount of work has been done 
by the Association of American Rail
roads in its draft-gear testing labora
tory at Purdue University, in addition 
to the . research by the manufacturers in 
their own laboratories. Chilled-iron car 
wheels are the product of many inde
pendent foundries having regional mar
kets. The chilled wheel has been the 
subject of a continuing intensive re
search conducted by the Association 
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of Manufacturers of Chilled Car Wheels. 
Its studies cover metallurgy, design, 
and manufacturing processes, and have 
resulted in a uniform high-quality 
product. 

The improvement of wrought-steel 
wheels has also involved extensive' re
search, guided by the TecHnical Com
mittee of the wheel manufacturers. The 
work has been done in the laboratories 
of the individual manufacturers. Car 
couplers have been the subject of al
most constant study ever since the ver
tical-plane coupler was adopted in 
1887. Cast-steel freight car trucks have 
been subjected to a large amount of 
research to improve the distribution 
of the metal to resist the stresses to 
which the castings are exposed and to 
improve their quality. 

No account of the agencies which 
have been engaged in research for 
the benefit of the railways would be 
complete which did not cite the loco
motive test plant of the Pennsylvania 
Railroad at Altoona, Pennsylvania. 
This plant, which was first installed at 
the St. Louis E"Xposition in 1904 and 
thereafter moved to its present loca
tion, has been utilized through the 
years for the conduct of a large num
ber of complete locomotive operating 
tests in which accurate data on fuel 
consumption, steam production, cyl- '  
inder horsepower, and drawbar pull 
were recorded, along with a large 
amount of data pertaining to the in
ternal functioning of the locomotive. 
Additional studies were made of the 
effect of specific changes in locomotive 
proportions and design. The data from 
these tests are an important part of 
the working library of the steam-loco
motive designer, and they have guided 
many an inventor of locomotive im
provements. 

RolUnq·load machine. uaed In teat1nq rails at the University of MichlqclD 

ROADBED AND TRACK-The track rail 
has been under constant development 
from the very beginning of its use as a 
path for ,wheels, even before steam 
power was adapted to railway use. The 
first organized attack on the problem 
of rail design and manufacture was 
undertaken in' 1887 by the Roadmasters' 
Association of America. ' In 1897 the 
American Society of Civil Engineers 
brought to the research the scientific 
knowledge needed to carry it to a con
clusion. 

Since 1900, when the American Rail
way Engineering Association was or
ganized, many phases of track and 
roadbed construction have been under 
investigation. When the amount of 
open-hearth steel rail in use was in
creased, rail failures began to occur 
with no previous warning. The cause 
was determined to be transverse fis
sures within the rail. While working 
with the rail manufacturers to control 
the cause, the committee in charge 
undertook to find some means by which 
these fissures could be detected before 
breakage occurred. A number of in
dependent investigators also undertook 
the solution of this problem. 

None of these efforts proved success
ful. The committee, backed by the 
American Railway Association, asked 
the late Elmer A. Sperry to undertake 
a program of research to perfect a de-

pendable device for locating fissures. 
The results were all that could have 

been desired, and now periodical 
checks of track rail by the use of rail 
detector cars are carried out on many 
railroads. The device finds and records 
fissures and other defects even in the 
incipient stage. 

In the meantime, the railways and 
the manufacturers undertook to finance 
jointly an extended program of re
search to determine the cause of the 
fissures and what measures could be 
taken to avoid them. This project, 
started at the University of lllinois in 
1933, discovered that transverse fis
sures were caused by ' the rapid cooling 
of rails on open racks at the rolling 
mill. Controlled cooling in enclosed 
boxes has substantially eliminated this 
hazard. 

' 

The railway tie, a simple stick of 
rough timber, has been the subject of 
research which began within a few 
years after the first railroads were built 
in America. Out of this continuous ef
fort to increase the life of ties was born 
the wood-preserving industry. From 
the four or five years' use which could 
be obtained from ties of natural timber, 
the service life of treated ties has been 
increased .to 25 or more years. 

SIGNALS-The track circuit is the, basis 
of automatic block signaling. Methods 
for its control, and its power supply, 
have been 'subjects of constant study 
for many years. Another important fac
tor in extending the use of automatic 
block signals was the improvement in 
lighting; first to provide color indica
tions at night and, later, light signals 
suitable for day as well as night. 

One of the most outstanding steps in 
the signaling fields is automatic train 
control on which extensive research 
has been conducted since the Interstate 
Commerce Commission ordered instal
lations on 49 railroads in 1922. The con
tinuous inductive system, which does 
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not depend upon impulses received at 
wayside signal locations for its func
tioning, also led to ' the development 
of cab signals which bring the signal 
indication into the cab where it is 
constantly in the sight of the engine
man. Incidentally, the need of glass 
in colors other than red and green, so 
that it would be unnecessary to use 
white as a "clear" signal, led to re
search by glass manufacturers which 
produced a yellow glass that could be 
clearly distinguished from red. 

An important facility which has been 
developed by the signal manufacturing 
companies is the car retarder, an elec
tro-pneumatically operated device in
stalled in the track by which the speed 
of cars in huIIip clas�ification' yards 
can be controlled at selected locations 
by one man in � tower. This ' dispenses 
with many car riders who would other-
wise be needed. 

' 

THE COLLEGES-During the " past 40 
years two mid;.western universities 
have made numerOuS contributions to 
railway development, some , on their 
own initiative and others iri ' co-opera
lion with the railways or manufac
turers or both. These are Purdue Uni
versity and the University of lllinois. 
Beginning in the 1890's Purdue became 
immersed in a long series of tests re
lating to problems of locomotive draft
ing and use of superheated steam in 
comparison with saturated steam. These 
latter tests were run on the Purdue 
locomotive testing plant. From the' 
front-end and smokestack tests was 
evolved the so-called Master Me
chanics' front-end which is still in use 
as the drafting appliance on a large 
number of steam locomotives. More 
recently Purdue has become the .seat 
of a considerable, variety of test facili
ties owned by the Association of Ameri
can Railroads, including air-brak� -hose 
testing apparatus, drop-testing ma
chines, a brake-shoe testing machine, 
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Electrical apparatus for mIKDuriDq atresl" and rldlnq condltlonl In the Bleam· 
loeomotly. counler·balance 1.111 of the Alsociation of American Railroads 

an air-brake test rack, and a draft-gear 
test laboratory. 

The Engineering Experiment Station 
of the University of Illinois is also 
equipped with a locomotive test plant 
which has been used in a number of 
investigations. Illinois is better known, 
however, for its train':resistance and 
tonnage-rating tests which were run 
in 1906 with a dynamometer car on 
trains in actual service. In addition, this 
institution is also well known for itS 
work on stresses in railway track. 

OTHER SOURCES-Many other impor
tant changes and improvements in rail
way facilities have had their origin in 
the research of industries not exclusive
ly devoted to the railway market. The 
list is a long one. It includes the steel, 
nonferrous metal, chemical, rubber, 
and wood industries; the manufacturers 
of electrical equipment and internal
combustion engines, of roller bearings 
and air-conditioning equipment. 

Low-alloy high-strength steel and 
the strong alloys of aluminum have 
made possible marked reductions in the 
weight of railway cars, both freight and 
passenger. Rubber has been adapted 
to the insulation of passenger-car 
bodies against high-frequency vibra
tions reaching into the sound range. It 
is also being used as the cushioning 
medium in passenger-car draft gears. 
Roller bearings are now widely em
ployed in passenger cars and locomo
tives. The internal-combustion engine 
has become a familiar feature of rail
way motive power. The gas engine in 
the rail car was followed by the Diesel 
engine in the articulated motor train. 
Today, the Diesel-electric locomotive 
is establishing itself in all classes of ser
vice. 

NOW AND IN THE FUTURE-During re
cent years the range of research 
projects conducted by the railways 
themselves has increased materially. A 

long series of laboratory studies has 
been conducted on locomotive crank 
pins to find means of improving their 
fatigue resistance against failure in 
the wheel fit. These tests are being 
made for the Mechanical Division, As
sociation of American Railroads, at the 
research laboratory of the Timken 
Roller Bearing Company, using fatigue 
testing machines that were developed 
for a similar study, completed six years 
ago, of fatigue properties of full-size 
passeriger-car axles. 

Considerations of safety have led to 
the development of strict limitations on 
the extent to which fractures in cast
steel freight-car truck side frames and 
bolsters may be welded. As a means 
of reducing the need for new castings 
a thorough study was undertaken of 
the feasibility of extending these limi
tations by dynamic fatigue testing of 
full-size welded castings. This work 
has led to the removal of restrictions 
imposed on the welding of these cast
ings and specific regulations for the 
conduct of the work developed. 

One of the problems presented by the 
steam locomotive of the reciprocating 
type is the counterbalancing of recipro
cating parts. In March, 1944, a report 
was issued on an elaborate .  study of 
this problem which has been conducted 
on the Chicago and North Western 
jointly by the Mechanical and Engi
neering Divisions of the Association of 
American Railroads. It will undoubted
ly influence the designing of future 
locomotives and the improvement of 
existing ones so as to provide smoother 
riding for the locomotive and reduction 
of track stresses caused by high-speed 
operation. . 

In the track field many studies of 
problems such as butt welding of rail 
and the design of rail fastenings' to im
prove strength and durability are being 
conducted, either under the direction 
of the Engineering Division of the As
sociation or by individual railroads on 

test installations in main-line track. 
Consideration is being given to the 

redesign of rail sections based on pres
ent data relative to failures in the web 
sections of rail. Another proposal for 
the improvement of roadbed now being 
studied extensively is the pressure 
grouting of roadbed with cement to 
overcome the effect of water which, 
under certain conditions, accumulates 
in the sub-grade immediately under the 
track. 

The current problem giving rise to 
the greatest popular interest is the 
application of wireless for head-end-to
rear-end communication on trains and 
for train-to-roadside communication. 
This is at present under development. 
While the proposals come from the elec
tronics field, their adaptation to rail
way conditions without interfering 
with other fields of radio communica
tion is in itself the subject of prolonged 
and intensive industrial research. 

Intensified interest in the employ
ment of research by the railroads is in
dicated by the appointment, last March, 
of Clyde Williams, director of the Bat
telle Memorial Institute, as technical 
consultant to advise the Association of 
American Railroads on research mat
ters relating to technological methods 
and processes. 

TBACKSIDE SEBVICIRG 

With Fael aDel Waler 

lacreases Locomolive Baas 

ONE of the war-time problems of the 
railroads is to get the maximum possi
ble monthly mileage from each of the 
limited number of locomotives avail
able. A measure which has helped to 
keep locomotives moving is the estab
lishment of facilities for supplying them 
with fuel, water, and sand, and dump
ing ashpans for coal-burning engines, 
so that they can be serviced on main
line tracks at intermediate terminals 
without removing them from trains. 

In a paper for the 1944 year book of 
the Railway Fuel and Traveling Engi
neers' Association, E. G. Sanders, fuel 
conservation engineer, Atchison, To
peka & Santa Fe Railway, cites installa
tions �hich will deliver 42 tons of coal 
to the locomotive tender in 75 seconds. 
The coal is delivered through a spout 
which swings parallel with the track so 
that the entire coal bunker of the ten
der can be filled without moving the 
locomotive. To provide similar fast 
service to oil-burning locomotives re
quires oil cranes capable of delivering 
1000 to 1200 gallons of oil per minute. 
Water cranes are now in service that 
can deliver 7000 gallons per minute. 

Mr. Sanders cites the installation of 
high-speed servicing facilities at two 
intermediate terminals on a 637 -mile 
run which made it unnecessary to re
lay locomotives on freight trains at 
these points. An assignment of 25 loco
motives, making 8000 to 9000 miles per 
month, was thus capable of doing work 
which would have otherwise required 
29 locomotives. 
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ELECTRONICS Conducted by K E I T H  H E N N E Y  

Electronic Aids To Research 

Pure and Applied Research Alike Find a Mullitude 01 Uses for the Electronic 

Tube. From the Lahoratory to the Workbench, Electronics is Making Possible 

New Accuracy in Measurement and Control. A Survey of the Field Indicates 

Virtually Unlimited Possihilities for Applications of Electronic Tools 

B y  J O H N  M A R K U S  
Associate Editor. Electronics 

TBE ELECTRON, fundamental building 
block of the universe, is today be

ing put to work by countless scientists 
and engineers as a research tool to 
build a better world for the future. 

Extensive studies regarding circuit 
interruption, electrical precipitation, 
arc welding, and many other fields have 
removed the limitations to growth of 
power and industrial activities. These 
studies have made it possible to meet 
the ever increasing requirements in 
the normal growth of the electrical 
industry and have been especially valu
able in the enormous expansions neces
sary under the present war emergency. 

It would take pages to list and de
scribe even briefly every one of the 
multitudinous applications of electronics 
in research, development, and quality 
control laboratories. In almost any lab
oratory project are found electronic 
devices for instrumentation or for per
forming other functions which cannot 
be accomplished in any other way. 
Vacuum tubes .and special circuits are 
the tools of the research scientist. 

Electronics has brought to the every
day measurement of all kinds of physi
cal, electrical, and chemical quantities 
a precision and ' facility that, 50 years 

ago, were thought possible only in the 
national physical laboratories or, with 
the expenditure of much money and 
labor, in some special project. Today a 
factory worker will measure the di
ameter of a piston or check the fre
quency of a quartz crystal oscillator 
with a precision of a few parts in a 
million as readily as the butcher 
weighs a pound of beef liver. Facility 
and accuracy are both provided by 
electronic tubes. 

DIMENSIONAL MEASUREMENTS-Lengths 
and thicknesses are measured today 
with pointer-indicating gages whose 
scales can be read several feet away to 
fractions of a ten-thousandth of an 
inch. This precision may be achieved 
with an electromagnetic structure of. 
which the inductance changes with the 
position of the measuring spindle, or 
the spindle may move condenser plates. 
In either case, electronic tubes amplify 
the resulting change and deliver the 
result to an indicating instrument. The 
electron microscope has made possible 
the measurements of lengths too short 
for perception by light waves. At the 
other extreme of length are the de
termination of longitudinal distances 

on the earth's surface (primarily a 
time determination) , reaching new ex
actness by use of radio, and the estima
tion of stellar distances extended to new 
fields because of the electronic tube. 

The measurement of mass has, per
haps, not drawn out the great variety 
of electronic devices that have been 
created for length and time measure� 
ments. The mass spectrometer, however, 
gives trajectories to electrons in� 
dicative of their masses and is a power
ful tool for the separation of isotopes. 

The electronic tube has probably 
made its greatest contribution in the 
field of time measurements. The vari
able-frequency tuned circuit, sustained 
by the electronic tube, is a powerful 
measuring tool. Controlled by the 
piezo-electric voltage of a quartz bar, 
such circuits have yielded time values 
accurate day after day to better than 
one part in a million, a precision that 
the finest astronomical clocks could 
maintain for only relatively short 
periods. The cathode-ray oscilloscope 
records phenomena which may occur 
in a few millionths of a second. Such 
an oscilloscope can hunt out the fre
quency of an unknown voltage and 
exhibit the contours of its wave shape. 

TEMPERATUR&-The measurement of 
temperature, and especially the control 
of temperature, finds new facility and 
precision because of the . electronic 
tube. The familiar basic devices-ex
panding metals and liquids, thermo
couples, resistance thermometers-now 
work through electronic amplifiers so 
that indicators and recorders can have 
larger or more sensitive scales, or so 

Electronic equipment that Instantly produces on the 
face of the cathode.ray tube the curve that shows the 
Importcuit characteristics of a maqnetic sample. ThIs 
rapid method waB developed by Zenith Radio Corporation 

These General Elec:trlc reccwdiDq spectrophotometen 
proYide accurate Identification cw matchinq of colon 
lor Industrlal ' uses or mUltary camouflaqe. Such work 
preYeDts detection 01 camouflaqe by Infra.red cameras 
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that the temperature of a space, of a 
surface, or a kettle of liquid may be 
maintained with smaller drifting. The 
measurement of moisture and humidity 
in rooms, chambers, foods, lumber, soil, 
and so on, is a related field for which 
ingenious devices and arrangements 
utilizing electronic tubes are available. 

SPEED-An oscillating tube circuit of 
which the frequency can be varied at 
will may excite a flashing light (strob
oscope) which illuminates a rotating 
machine. The frequency of the light 
which "stops" rotation measures the 
machine's speed. And since the meas
uring device has no mechanical con
tact with the rotating object it can 
measure the speed of the lowest
powered machine without altering the 
speed under observation. Obviously 
this rapidly flashing light may be used 
for high-speed photography, which has 
become a powerful measuring aid in 
the study of high-speed operations. 
Likewise, when the frequency is held 
slightly off synchronism the motion of 
even a high-speed mechanism may be 
studied closely. Unbalanced vibrations 
in high-speed machines, down to hun
dred-thousandths of an inch, may be 
measured and corrected. The accel
erometer, used to determine effective 
weight during the evolutions of an air
plane trial flight, for example, is  avail
able solely because of the develop
ment of electronic tubes. 

Dr. lohn A. Hipple. Westlnqhouse 
physicist. examines the curved qlas. 
tube that Is the heart 01 the mass 
spectrometer. important to research 

The sound level meter and associated 
analyzing equipment which utilize elec
tronic tubes are used to evaluate the 
el'fectiveness of devices and materials 
pl�ced to minimize noise penetrating 
to spaces which should be quiet. 

POWER-The measurement of the pow
er transmitted by , a shaft has always 
been an alluring subject to the research 
physicist; when the shaft itself can be 
calibrated as a torque-meter, electronic 
devices can show readings on a scale. 
Electric resistance strain gages now 
take their place beside electromagnetic 
and mechanical strain gages for meas
Uring shaft distortion as well as the 
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more familiar function of measuring 
distortion under static stress, and for 
all of them the electronic-tube am
plifier is important. 

Electric voltages can be measured 
with electronic tubes with precision 
up to frequencies of the order of mil
lions of cycles per second, by the use 
of negligible power from the circuit 
measured. The vacuum-tube volt
meter can measure the peak voltage 
of a fluorescent lamp or of the surge ' 
from the starting of an oil-burner 
mechanism. 

Chemical reactions may generate 
voltages between certain electrodes 
and, although the accompanying en
ergy is too minute to be detected by 
other means, the electronic-tube volt
meter or potentiometer serves the pur
pose. The hydrogen ion concentration 
(pH) method of determining acidity 

or alkalinity and the measurement of 
electrolytic conductivity are of this 
nature. 

Electronic tubes '. amplify , the feeble 
currents of phototubes measuring light 
and illumination. Here ' again there is 
a notable gain in precision ' as compared 
with optical methods'. In' some instru
ments, a variety of electronic tubes 
are combined to produce a '  measUr'
ing device. For ex-ample, ·the record� 
ing spectrophotometer 'is being used by 
the paint industry to match camouflage 
colors so that they cannot be detected 
by the enemy's infra-red cameras. By 
determining the amount of light or in
fra-red that is reflected by any paint 
or other material, it is possible to de
termine the effect which that material 
or color will have' on the plate of the 
infra_red camera. 

DIFFRACTION---X�ray diffraction meth
ods have been widely adapted ' to the 
study of crystal structures since the 
wavelength of x-radiations is of the 
same order as the spacing of crystal 
planes. 

The application of x-ray diffraction 
to ' problems of research in crystal
lography and to problems of ' applied 
science in chemical analysis and metal
lurgy, opens a broad field . .  The scope 
of the information obtained with this 
method includes the nature of the 
crystallographic system, uniqueness or 
aggregation of crystals, grain size, in
ternal distortion or strain, and the 
state of atomic chemical combination 
in a substance .  

. 

In metallurgy, x-ray analysis is ap
plied to the study of the constitution 
of alloys, their intermediate phases, 
solid phases, and crystalline structure. 
The effects of cold-working in produc": 
ing , grain distortion, fragmentation of 
crystal grains, and the introduction of 
preferred orientation by rolling and 
drawing are readily determinable. 

The determination of a particle size 
has been extended into the range of 
submicrosc()pic grains, as in crystalline 
colloids. . Substances like rubber, car
bon-black, paint pigments, cellulose, 
glasses, and other substances usually 
considered amorphous have been found 
to give diffraction rings, and even some 
liquids produce diffraction halos which 
yield important information as to their 
nature and structure. Soils, minerals, 

dusts, and clays are being analyzed 
with the new techniques. The study 
of fibers found in drawn metal wires, 
silk, cotton, wood, rayon, starches, and 
stretched rubber is opening new ap
proaches to industrial research. An
other new phase of crystal analysis is 
the investigation of the crystalline and 
molecular structure of organic com-

J)rs. Zworykln (riqht) and HIlUer. 
01 RCA Laboratories. with an experi
mental model 01 the electron micro
analyzer. latest 01 the electronic 
research tools lor industrial scientists 

pounds, leading to new insight into the 
mechanism of lubricating films and the 
behavior of insulating oils and waxes. 
Research on synthetic resins ' and syn
thetic rubber is dependent on x-ray 
research. 

Electron diffraction work on polished 
metals has given valuable information 
on the caUses of piston and bearing 
wear. Research on the general prob
lem of adhesion of electro-deposited 
metals can be expected to result in 
substantial improvements in plating 
techniques, while the knowledge gained 
of surface chemistry, of corrosion, and 
of the protective oxides on metals and 
alloys, is directly effective in solving 
many problems, , theoretical as well as 
intensely practical. 

DIFFERING TECHNIQUES - One of the 
important developments in the tech
nique of electron diffraction was the 
discovery that electrons impinging at 
grazing angles on , plane poly crystalline 
specimens would give diffraction rings 
characteristic of the material in ques
tion. Two main types of diffraction 
analysis are in use today, namely: (1) 
transmission patterns obtained by pass
ing the electron beam through thin 
sections of the material, and (2) re
flection patterns .obtained by impinging 
the electron beam at grazing angles. 

X-ray and electron diffraction tech
niques differ as a result of the charge 
characteristic of the electrons and as a 
result of the -Wavelengths of the radia
tion. Electrons are scattered a million 
times more effectively than 'x-rays, 
which fact limits the thickness of the 
films in the transmission technique. In 
the ' case of the reflection technique it 
is evident that at grazing angles, the 
first few atomic layers only are effec-
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tive. in the diffraction. This fact makes 
the ' electron diffraction camera ex
tremely useful for the study of surface 
phenomena. 

Electron diffraction analysis is not to 
be thought of as a substitute for the 
usual x-ray analysis because of the 
difficulty of preparation of the speci
men for the general case. However, in 
its · special fieid of surface phenomena, 
it shows utility. 

Among the many problems which 
have been studied by the electronic 
diffraction technique are: thin films 
of inorganic and 'organic materials; 
oxide and other corrosion films; pol
ished surfaces; crystal growth; elec
tro-deposited materials; surface catal
ysis; colloidal state; wear and lubrica
tion; impurities on surface; running in 
of bearings. 

The electron diffraction camera con
sists of a source of homogeneous high
voltage electrons of 30 to 60 kilovoIt 
energy, a magnetic focusing system, a 
sample holder and manipulator, and a 
camera section, all in a vacuum. 

One of the interesting applications of 
the electron diffraction technique has 
been the study of oxidation and ,cor
rosion products of the various metals 
in different gas atmospheres. This is 
done by enclosing the specimen' in a 
silver furnace whose temperature is 
carefully controlled. The samples can 
be cleaned by treating with hydrogen. 
The behavior of the metal in various 
gas atmospheres can then be studied by 
admitting the gases to th� camera for 
specified time intervals at various pres
sures. At the conclusion of the ex
periment, the camera is evacuated and 
the diffraction picture taken at the 
temperature in question. 

MAGNETIC CHARACTERISTICS - The 
characteristics of the magnetic material 
used in transformers and chokes are 
not easily measurable, and introduce a 
factor of uncertainty in the design and 
production of electrical equipment. A 
specified grade of lamination material 
may be essential for , proper operation, 
but the various grades look .very much 
alike, and electrical checks are often 
quite difficult. 

Sometimes a deterioration in the 
characteristics of some complex circuit 
defies eiXplanation until the change is 
traced to a change in characteristics of 
magnetic materials. 

Apparatus for rapid and easy testing 
of magnetic materials is extremely 
useful in such cases. But to obtain 
such data as permeability, saturation, 
coercive force, and hysteresis loss of 
magnetic alloys, special equipment 
which is not easily available has been 
necessary. 

The oscillographic equipment makes 
it possible to obtain these data with 
great rapidity. Comparison checks of 
a number of samples can be made 
within a few seconds. Initial and 
reversible permeability characteristics, 
or increase of loss with flux density, 
can be directly observed on the screen 
of a cathode-ray tube. 

.A little washer punched from a sin
gle lamifialion is all that is needed. 
Using a special four-tube amplifier 
and test j ig with an ordinary cathode-

ray oscilloscope, the electronic appara
tus instantly provides a curve giving 
the desired information. 

RESISTANCE MEASUREMENTS - Wire 
resistance strain gages are primary ele
ments for measuring small linear 
changes of dimension of the surfaces to 
which they are attached. The surface 
strain causes a proportional percentage 
change of electrical resistance of the 
gage, which is measured with a suitable 
instrument. Most applications of these 
gages depend on the use of electronic 
instruments to get the necessary high 
sensitivity .and measuring speed. The 
measurement of mechanical forces, 
weight, fluid pressures, and small mo
tions are applications of strain gages 
and their associated electronic circuits 
to industrial problems. 

Practically all commercial gages are 
rectangular grids of resistance wire 
about 0.001 inch in diameter, sup
ported and held in place by a film of 
elastic cement. This may be strength
ened by the further use of a paper 
backing. This structure of wire and 
cement is in turn cemented to the sur
face

' 
on which strain is to be measured. 

When a conductor is placed either 
in tensile or compressive stress, its 
electrical resistance changes. With elec
tronic circuits, this change in resistance 
is readily converted to an indication of 
the stress in the structural number be
ing examined. 

MASS SPECTROMETER - Production of 
high-octane gasoline, so important to 
war planes, involves precise critical 
processes requiring laboratory ac-

COIfTACT USEMBUES 

Soded EleclroDicaOy 

iDlo ftree GrOD,1 

MUCH greater speed in the sorting and 
inspection of tiny contact assemblies 
produced at General Electric's Schenec
tady Works has been made possible 
through the development of an elec
tronic sorting table which routes the 
assemblies into three different chan
nels depending on whether they are 
too high, too low, or within the toler
ances. 

Each contact assembly was previously 
checked with a needle micrometer to 
determine whether it was oversize, 
undersize, or within the tolerances, 
and then sorted accordingly by hand. 
With the speci<llly designed sorting 
table, each assembly is fed onto a 45-
degree slide. About halfway down the 
slide, the assembly comes to a contact 
point located at a pre-set height. 

If the assembly tOllches the point, it 
is oversize, and the contact made c loses 
the grid circuit of a vacuum tube, 
which in ttii'n energizes an electromag
netic relay. A solenoid is next ener
gized, sending the assembly down/

,
a, 

chute intd':; a container for oversize 
parts. 

A short distance beyond the first 
point, a second contact point is set at 
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curacy on a huge scale. Previously, 
chemical tests in an oil refinery have 
been laborious and have required hours 
to complete, but today the electronic 
mass spectrometer thoroughly checks 
operations in a matter of minutes-and 
requires only one or two technicians. 

This instrument determines both 
qualitatively arid quantitatively the 
constituents of a gas, using only a thim
bleful of the gas at a time-and ionizes 
it by impact of electrons from a hot 
filament in an evacuated tube. The 
stream of cha.rged molecules is drawn 
along the tube into a strong magnetic 
field, where it is bent into an arc
shaped path. The heavier the ion, the 
larger the radius of curvature of its 
path. As a result, different molecules 
emerge from the field at various loca
tions-but all of the same kind leave 
at one particular .spot. Differently 
charged molecules are collected suc
cessively at an exit slit into a current 
that can be amplified and measured. 
In this way, constituents of any gas 
can be determined as to kind and 
proportion. 

The value of the spectrometer as an 
analytical tool in the analysis of gas
oline, synthetic rubber, and plastics 
well j ustifies its development. Already 
in evidence are other promising fields 
of application. Among these are leak
age testing, metallurgical analyses, and 
analysis of the purity of controlled 
furnace gases. It is also useful in 
automatic controls of processes where 
it  may be important to measure ' the 
relative quantity of a desired con
stituent , or to detect presence of an 
undesirable element. 

Electronic sortinq table in use 

standard height less tolerance. Since 
oversize assemblies have already been 
eliminated at the first contact point, 
parts touching the second point are 
within acceptable limits and are "shot" 
down another chute. Undersize as
semblies d� not touch either p oint and 
slide undisturbed to a third tray, thus 
completing the automatic sorting op
eration at high speed. 
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AVIATIOR Conducted by A L E X A N D E R  K L E M I N  

Research Gave Mankind Wings 
From Ihe Very Beginning, Research has been Ihe Basic Elemenl in Aviation 

Progress. The Wrighl Brolhers Buill a Wind Tannel Long Belore They Buih 

A Flying Machine. From Then on, Research by Induslry, Governmenl, and 

The Universilies Bas Broaghl Flying 10 lis Presenl Aslonishing Triumphs 

IT IS a remarkable fact that, the 
younge� a branch of engineering, 

the more. it owes to organized research 
and the more thorough is its grasp of 
underlying scientific principles. Thus 
naval architecture, which presumably 
dates back to Noah, has advanced 
through the ages mainly by experience, 
and with much of its knowledge based 
on tradition. 

Aviation, on the other hand, dating 
back only a little more than 40 years, 
owes far more to scientific research. 
It has advanced more rapidly; it is 
more ' richly provided with laboratories 
and it already has gained sounde; 
and more comprehensive scientific 
knowledge. In fact, the tradition of re
search in aviation dates back to the 
Wright brothers themselves. 

It is sometimes thought that the 
Wrights were inventors of genius who 
owed their success to inspiration and 
not to scientific training. On the con
trary, the two brothers were scientists 
of the very highest type. While they 
owed much to. inventive genius, they 
nev�rtheless . undertook long and sys
tematic researches in a home-made 
wind tunnel before they even attempted 
to build their first airplane. 

For many years Orville Wright used 
to show personal friends a small red 
vest-pocket book which contained the 
�ole record of early experiments. Only 
In 1939 were these records given to the 
world in the 27th Wilbur Wright 
Memorial Lecture delive�ed by Dr. G. 
W. Lewis before the Royal Aeronauti
cal Society. In this lecture, Dr. Lewis 
gave ample evidence of the research 
skill and accuracy which the Wright 
Brothers had achieved. The tradition 
has remained, with scientific and in
dustrial research in aeronautics under
taken by e,very civilized or merely 
technologically-trained country in the 
world. 

!�e ynite? States has a way of 
orIgInatIng Inventions, of neglecting 
them, and, later on, of surpassing the 
world in the same field. So, in aviation, 
the Government paid, but little heed to 
the new sciem;:e. Only hi 1915 was the 
National Advisory Committee for Aero
nauti�s established, and even then with 
a munificent grant . of $5000 to pursue 
its researches. Of course, today America 
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is in the lead both in research equip
ment and personnel, but it is doubtful 
whether we were leading 'n those cru
cial years when the dictators were arm
ing for the conquest of the world. 

RESEARCH IN EUROPE-In those danger
ous years, Mussolini had built Guidonia, 
a whole city devoted to scientific re
search in aviation. In Germany, 
the Deutsche Versuchsanstalt fUr . 
Luftfahrt, located at Adlershof near 
Berlin, had vast laboratories and work
shops, as well as large numbers of 
well-trained men. The Russians had 
developed the huge Central Aero-and
Hydrodynamic Institute in Moscow. The 
British, while sound, had not kept their 
early leading position, and in France an 
early spirit of bold investigation had 
yielded to apathy and decay. 

The Japanese, who excel as copyists, 
it is true, but can also do good research 
along conventional lines, had built up 
the quite respectable Tokyo Institute 
of Aeronautical Research. Particularly 
in Germany, the efforts of the govern
ment scientists were supported by in
dustrial research and experiment on a 
wide scale by such companies as 
Junkers, Dornier, Heinkel, and others. 
Charles Lindbergh tried 'to do his 

country a service when he reported 
how powerful and advanced was Ger
man aviation. 

The early days of the European war 
and even the early days of our own 
entry into the war certainly did not 
find us leaders either in aeronautical 
research or in excellency of airplane 
equipment, while quantitatively we 
were far .behind. 

It was our good fortune that Great 
Britain put up so courageous a fight 
and that two oceans separated the 
United States from its potential ene
mies. We were thus given time to 
bring our research facilities up to the 
highest level and to advance our ' mili
tary and naval aircraft to their present 
excellency. 

Today, perhaps the most remarkable 
thing about aviation research in the 
United States is the co-operation which 
exists between governmental labora
tories, the universities, and the experi
mental establishments (rather than 
laboratories) of the manufacturers of 
airplanes and airplane engines. 

In the pure science of aerodynamics, 
the Germans led, up to a few years 
ago, but today they are rapidly going 
down hill. Now, thanks in part to the 
refugees which Germany has so benevo-

A fIDe product of war-time re.earch-the Bell,
. 

Airacomel jel.propelled plane 
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lently driven to our shores, we are fast 
overhauling them in the physical 
sciences and in applied mathematics. 
In . the application of science and in 
industrial research we are already far 
ahead of the Germans. 

In aviation we in the United States 
owe our superior position to the fact 
that we have known better than the 
Germans how to tie in our federal 
laboratories with the industrial re
search of our manufacturers and with 
the universities. It will not be out of 
place to give a brief picture of these 
diverse but co-operating elements. 

To begin with, this ' country has the 
National Advisory Committee for 
Aeronautics. This, from its modest be
ginning in 1915, has now grown to a 
vast institution with its long-established 
Langley Field laboratory in Virginia, 
now almost matched by the Ames Lab
oratory in California, and supplemented 
by the splendid aircraft engine labora
tory put into operation just a few years 
ago in Cleveland. The NACA, as it is 
generally known, is directed by a group 
of men who serve without compensa
tion and who represent the Army, 
the Navy, the Civil Aeronautics Ad
ministration, and other governmental 
bodies, with perhaps one or two citizens 
of high distinction in aviation. 

Under this governing committee 
functions the Director of Aeronautical 
Research, Dr. G. W. Le,wis, who has 
established, perhaps, the Washington 
record for longevity in a prominent 
government position and perhaps an 
equal record for freedom from public 
criticism. Then there come a number 
of sub-committees which include mem
bers representing the industry and the 
universities. Research problems are 
frequently suggested by engineers from 
industry at the annual NACA Confer
ences held at Langley Field. Sometimes. 
they are presented by the industry's 
representatives acting on the sub-com
mittees. When research is initiated by 
the NACA itself or by members of its 
scientific staff, the subjects of investi
gation have to be approved by the sub
committees. There exists the most 
friendly relationship between NACA 
and the industry. 

DEMOCRATIC RESEARCH-In a large 
measure, this is due to the fact that 
the NACA has known how to draw the 
line between the solution of funda
mental problems and the ad hoc re
search which develops particular air
planes, engines, instruments, and acces
sories, and which is properly the realm 
of industry. The whole system of in
teraction between government labora
tory and industry is a remarkable 
manifestation of the democratic process. 

What results has this democratic 
scheme produced at Langley Field? It 
has yielded, first of all, the most sys
tematic and correlated knowledge of 
airfoils available anywhere in the 
world. The NACA family of airfoils is 
quoted, studied, and used in every 
country and, in all probability, Hitler's 
proudest aircraft are equipped with 
NACA airfoils in their original or 
slightly modified form. 

The NACA laminar wing maintains 
a laminar or smooth flow over the 

Preparinq a 1 6-foot. 8,1nch. diameter 

propeller for leslinq in a Curtis .. 
Wriqht propeller.research test cell 

greater part of its surface, and, when 
operating at its best efficiency, CUts 
down the drag of the airfoil tremen'
dously. Since, in the modern airplane, 
the profile drag of the wing constitutes 
a large proportion of the whole drag 
of the airplane, the laminar wing has 
meant much to the efficiency and per
formance of our fastest military air
craft. As the speed of the airplane in
creases, the local speed of air flow at 
certain points on the surface of the 
wing approaches the speed of sound, 
with the compressibility burble and 
shock waves as the result, and this 
compressibility burble at one time 
threatened to put an end to further 
advances in speed. Again, the NACA 
researches have gone far to bare the 
causes and remove the vexations of 
the shock waves. 

It is a well-known fact that America 
leads the world in the design of air
cooled engines. Such engines could 
never be used with the efficiency now 
available were it not for the NACA 
streamlined cowl which is seen in 
every picture of war-time aviation. To 
the NACA, America also owes a num
ber of advances in experimental tech
nique which have been copied or im
proved upon the world over. Thus, 
Langley Field was the first to con., 
struct the Compressed Air Tunnel in 

which the air, compressed to a pressure 
of 20 atmospheres, gives test conditions 
whereby small models can simulate 
the behavior of full-scale airplanes. 
To the NACA also, the United States 
owes the construction of the world's 
largest towing basin, and the knowledge 
derived in the towing basin has been 
an important factor in the development 
of our transatlantic Clippers. In addi
tion, the NACA developed the high
speed tunnel in which the compressi
bility problems mentioned can be 
thoroughly investigated. America is also 
indebted to it for the first tunnels large 
enough to make possible the test of 
engine and propeller combinations, and 
the first tunnel (60 feet in span) in 
which it was possible to test a full
scale airplane. 

Our universities, too, have fulffiled 
an important function in aviation. They 
have produced, in addition, such young 
leaders of the industry as Wellwood 
Beall, responsible for the Superlortress. 
who is only 37. It can be said that the 
American aviation industry, and 
American industry in general, as it 
has supported the aviation industry. 
has lived up fully to the lead of the 
NACA, and in fertility of ideas and in 
vigor of invention has surpassed the 
governmental institution. 

INDUSTRY'S CONTRIBUTIONS-,So much 
has been done by industrial research 
in aviation in the last 20 years and so 
much more under the recent pressure 
of the war effort, that it is difficult to 
select outstanding achievements. 

The following is only a rough attempt 
at such selection. Long-distance flying 
and bombing in bad weather are pos
sible only because the military pilot 
can pass on a large share of his task to 
the robot pilot. Elmer A. Sperry gave 
the world the Sperry automatic pilot 
based on a refined application of the 
gyroscope. It is a remarkable fact that 
the Sperry Company has persevered 
in this development for nearly 30 years. 

Flying in the substratosphere would 
be impossible without the super
charging of the engine for the thin 
air of high altitudes. When America 
needed a supercharger, it found Dr.  
Sanford Moss, a compressor designer 

Te.tlnq a Boeinq airplane winq 10 de.trucUon 
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who, with the full backing of the Gen
eral Electric Company, gave it the 
turbo-supercharger which is making 
history every day. 

Charles L. Lawrance and, subsequent
ly, the Wright Aeronautical Corpora
tion contributed the air-cooled engine, 
which was ultimately developed into a 
prime mover of over 2000 horsepower. 

The principles of radar, first an
nounced by two American naval scien
tists in 1922, were developed in England 
and saved her in the Battle of Britain 
because radio locators could find the 
Luftwaffe even at night. But radar 
received its finest development in the 
industrial laboratories . of the United 
States. This branch of electronics, con
tributing vastly to the war, will also 
be of great help to peace-time aviation. 

American industry has given us the 
materials and the "know-how" to en
abl� the turbo-jet engine, coming from 
England, to surpass the · fondest hopes 
of its original inventor, Captain Frank 
WhittIe. 

American ingenuity has produced the 
marvellous "thinking," automatically
computing gunsight which enables one 
of our pilots to shoot down his enemy 
when their relative speeds are nearly 
1000 miles an hour. 

From this brief . survey of industrial 
aviation research, a few tentative con
clusions may be drawn. 

First of all, it is American industrial 
research 'Yhich is one· of the primary 
causes of Am�rican aerial supremacy. 
Since such research is the outcome of 
years of steady growth, and since lab
oratories and technicians cannot be im
provised, it would be the worst kind 
of folly for the United States ' to dis
continue aviation research after the 
end of the war. Let Congress cut, if it 
will, the mass production of aircraft. 
Not for one moment, however, can 
America afford to discontinue its ef
forts in aviation research. 

Another statement which few will 
care to dispute is that the aviation 
research which for so long has been 
devoted to military ends, will indirect
ly cause peace-time aviation to flourish 
as . . a small compensation for the 
agonies of war. The automatic pilot 
will carry transports to the uttermost 
regions of the earth. Applications of 
radar will enable planes to land in 
the thickest fog. Supercharged engines 
and supercharged ca1;>ins will carry 
passengers at unbelievable heights in 
great comfort and at speeds which are 
impossible at lower altitudes. 

AVIATION'S DEBT PAID-In the early 
day of aviation, the new-born science 
drew on the skill of men from other 
professions and built its equipment 
with the aid of 'other industries. Now 
it has more than repaid this debt. 

Other industries have learned a great 
many things from industrial research 
in aviation for application in their own 
needs. For example, the turbo.,jet engine 
will undoubtedly pave the way to ad
vances in the gas turbine ' for general 
use. Because, in building the turbo-jet 
engine technicians learned how to de
� nozzles and select materials to 
withstand severe combinations of tem
perature and pressure, gas turbines 
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can be expected in locomotives, in 
ships and, later, even in motor cars. 
�ecause radar has rendered so many 
services in aviation, the mariner will 
find it equally useful at sea. 

Because supercharging has intro
duced the most difficult problems in 
heat exchange, the entire air-condi
tioning, heating, and ventilating indus
tries will benefit. Because airplane 
builders had to face the highest decibel 
levels of powerful engines and fast
revolving propellers, sound-proofing 
will advance in many fields of industry 
and comfortization. 

Because automatic pilots, airplane 
compasses, distance fuel gages have 
made use of electronics in its most 
refined form, and because remote in
dication and control have been indis
pensable in aviation, there will follow 
progress in many fields of industrial 
instrumentation and control. 

BEATING COMPRESSIBILITY 

By MeiID. of Two 

Simple BiDged Sarfaces 

W HEN an airplane approaches the 
speed of sOllnd, as it may in a power 
dive, strange things happen to the 
airflQw past the wing. The air, which 
flowed . smoothly around the wing at 
lower speeds, now suffers "compressi
bility" effects. Shock waves . are pro
duced on either the lower or the upper 
surface of the wing, or on both. 'Pres
sure on the lower surface is likely to 
be converted into suction, while suc
tion . on the upper surface may become 
pressure. The efficiency of the wing is 
destroyed. 

But that is not so serious as the fact 
that compressibility in the power dive 
produces violent buffeting effects on 
the tail, the pilot loses control, has tre
mendous difficulty in 'pulling out of 
the dive, and generally finds life un
pleasant for the moment. 

Now the engineers of Lockheed Air
craft Corporation, headed by their aero
dynamicist, C. L. Johnson, appear to 
have found a remedy, which has 
worked splendidly on the Lockheed 
P-38 or Lightning and is being suc-

CompresslbiHty shackle-breaker 

cessfully tried out on other planes. 
Military secrecy still forbids detailed 
discussion of the device itself or of its 
theory; but the photograph shows how 
simple it is. Two simple hinged surfaces 
constitute the entire device. When they 
are outside the wing they break the 
shackles of compressibility; when re
tracted, they leave the airplane all its 
usual aerodynamic efficiency. After a 
power dive of 35,000 feet the Lockheed 
Lightning equipped with this device 
can pull out safely within 3000 to 5000 
feet. 

ATTITUDE INDICATOR 
Aids Piiol iD 

Acrohalic Maa.avers 

By MEANS of a gyro equipped attitude 
indicator, the airplane pilot can now 
be provided with a visual indication 
of the position of his plane with refer
ence to the earth, through all the pos-

AIrPlane attitude Indicator unit 

sible attitudes into which an airplane 
can be maneuvered. 

In the past it has been impracticable 
to perform all aerobatic or acrobatic 
maneuvers without visual reference

' 
to 

the earth's surface. With the new 
Sperry Attitude Gyro it is possible to 
carry out such maneuvers even when 
the earth cannot be seen. The instru
ments thus constitutes an advance in 
training methods, and is also likely to 
be of help to combat pilots in a tight 
corner. 

As in other gyro instruments, a gyro
scope is the heart of the Attitude in
dicator. It is electrically revolved 
around a vertical axis, and has the 
familiar gyroscopic properties of rigid
ity and precession, in order to provide 
an absolutely fixed vertical pattern 
around which the plane may be maneu
vered. 

The new feature is made possible 
by a novel method of suspension. The 
reference pattern is marked on the 
surface of the stabilized sphere with 
luminescent paint and is visible to the 
pilot through a marked opening in the 
front of the instrument case. The in
dicating spnere is divided into hemis-
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pheres by painting the upper half white 
luminescent and the lower half black. 

The only operating knob or adjust
ment required by the pilot is that for 
the "target"-a small circle which ad
justs up and down to compensate for 
change in trim of the airplane in level 
flight. 
AlB TBAVEL 

Crowlh Predicled lIy 

Besull of Beceul Siudy 

A REPORT by B. A. McDonald and J. L. 
Drew, which is a thorough and thought
ful study of -what awaits aviation in 
the post-war years, has been issued by 
Curtiss-Wright. The report is based 
on assumptions of complete allied vic
tory, a steadily growing income, growth 
of air transport based on economic 
rather than political considerations, 
'regulation by Congress and The Civil 
Aeronautics Board followirig precedent, 
and on a continued, vigoro1,ls policy of 
air-traffic promotion. :;; . ' 

Irnl'lr,?vemeJ)ts in serv�fe ipay be ex
pected, due in part to war_time devel
opments applied tti pe�ce-time air 
transport. The number of accidents 
should become so low that fear of air 
travel will be entirely eliminated as 
a deterrent. Since fear has, in the past, 
kept more passengers away from air 
travel than any other cause, or causes 
combined, this advance in safety is .of 
the utmost importance. Flight cancel
lations . should be virtually negligible 
and almost 100 percent schedule per
formance may be expected. 

Radar developments will help, as 
will also the blind landing systems 
which need only be installed at our 
great airports to be fully effective. 

The comfort of air travel will increase 
greatly. Cabin pressurization; better 
lighting; excellent VlSlon; complete. 
soundproofing; stable flight, thariks to 
the automatic ' pilot; all are combining 
to make air travel more comfortable. 

As a result of these favorable in
fluences, the Curtiss-Wright report pre
dicts an enormous increase in air travel, 
with number of passengers seven times 
that of 1940, five years ' after the war's 
end; with 700 million passenger miles 
a year as against 104 millions in the 
earlier period. A similarly rapid growth 
is expected in air express, with an esti
mate of 87 million ion-miles annually, 
compared with 10 million in 1940. 

JATO 

Bockel Unils Being Tesled 
For Assisled Take-Oils 

I T Is not accidental that both the Navy 
and the AAF are experimenting with 
jet-assisted take-off-the readiest way 
of getting an over-loaded plane into 
the air. 

The Navy has applied this principle 
to the Chance Vought F4U-I Corsair 
fighter. JATO, as these assisted jet take
offs are known in the ' Navy, reduce 
the normal take-off run from 33 to 60 
percent of normal, or else they permit 
� .  greatly increased load to be carried. 
These devices are particularly useful 
in the restricted areas of carrier decks. 

Rockets qive added push 

They resemble bombs, except that they 
are fixed to the under side of the 
fuselage rather than under the wing 
or enclosed in bays. 

The j et units are really rockets (not 
jet engines) because they contain solid 
propellant which includes oxygen and 
do not take in air from the outside. 
They are ignited by electrically con-
trolled spark plugs. 

. 

Air Technical Service Command 
experiments with such rockets have 
been going on at Wright Field for 
four years, with considerable technical 
success. It is not equally certain that 
they will be as helpful tactically. If 
runways are built so short that rockets 
are required for take-off, then the 
same runways will be short enough to 
cause many accidents on landing. 

The rockets carry both fuel and oxy
gen, with the products of combustion 
escaping to the rear through a suitably 
shaped nozzle. There were two major 
problems to overcome-suitable fuels 
and oxidizers, and a nozzle which 
would stand the terrific heat .of the ig
nited gas. Both problems have been 
solved, although better combinati.ons 
of fuels and oxidizers are still being 
sought. 

The Air Technical Service Command 

rightly warns us that rockets may be 
helpful in assisted take-'off but have 
yet to show utility in long-range flight. 
The Germans are reported t.o have 
placed such take-off units in tactical 
use, possibly ,because their propellers, 
designed for high altitude, do not give 
sufficient thrust for good take-off at 
sea level. 

REVERSIBLE PRePELLERS 

Make Rew Ravy Blimp 

More MaDeuverall.e 

BLIMPS have given a good account of 
themselves in the present war, and 
haye proved invaluab�e in anti-sub
marine patrol. As compared with the 
airplane in such duty, the blimps have 
long endurance, can stay aloft for sev
eral days, and are able to hover .over 
one spot; an airplane is obliged to fly 
relatively fast 'if it is to stay in the 
air, and has an endurance .of only a 
few hours. Also, the blimps, when 
equipped with appropriate propellers, 
have a great deal of maneuverability. 
Such propellers are the Curtiss electric 
propellers with fully reversible pitch, 
which have been installed on the Good
year M-I, the largest airship of this 
type owned by the Navy, shown in the 
photograph . below. 

The M-I is equipped with a mooring 
ring at the bow and a long l.ower struc
ture with navigation and observation 
quarters at its front end. Nacelles on 
either side of the hull are braced by 
two powerful girders and contain 500-
horsepower engines. With the use .of 
the reversible propellers the blimp can 
be brought to a stop in the air and 
with the blades of one . propeller pull
ing forward and the blades of the other 
pulling backwards, the M-I can turn 
in the air as if on a pivot. 

It is also possible to make a running 
start into the air, with wheels on the 
ground. The blimp is then making .use 
of the dynamic lift of the htill like the 
dynamic lift of an . airplane wing. In 
general, ground han9Iing qualities of 
blimps will be greatly improved by the 
reversible pitch mechanism, which has 
already proved very useful : in maneu'
vering flying boats ori the surface df 
the water. 

Maneuverabil'lty 01 the M-I Is Increased by reversible propellers 
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PLASTICS Conducted by C H A R L E S  A .  B R E S K I N  

Plastics - P.roducts  01 Research 
No Other Industry Has Profited So Greally by Laboratory Besearch Than 

Has the One Built on the Original Work Done 75 Years Ago by. Ryall. A 

View of Accomplishments of Very Recent Years Serves as a Basis for 

Evaluation of Progress Yet to Come. Only the Surface has beeD Scratched 

IN THE 75 years that have passed since 
John Wesley Hyatt founded the plas

tics industry by evolving the cellulose 
nitrate formulation known as Celluloid, 
new plastics materials have poured 
forth from research laboratories 
throughout the country. 

In the past few · years, the spur of 
war demands has abetted and perhaps 
forced the development of many new 
techniques and ·new plastics materials. 
And it has had a further effect: The 
exigencies of meeting rigid demands 
and specifications of the many Govern
ment offices and agencies, have brought 
about improvements in materials and 
methods of manufacture which will be 
of permanent benefit to the plastics in
dustry long after peace is restored. 

SHATTER·RESISTANT GLAZING-Charac
teristic of the activities that have en
gaged the attention and efforts of the 
plastics industry during the war years 
is the development of shatter-resistant 
plastic glazing. The history behind this 

Lucite-Butacite glazing, which is capa
ble of resisting shock impacts such as 
the effects of penetration by machine
gun and cannon fire, or gunfire concus
sion, presents many interesting lights 
on the varied experience, the research, 
and the testing that must be called into 
play in the development of new plastics 
applications. 

The strategy of modern aerial war
fare involves the operation of aircraft 
at high altitudes, often in excess of 
35,000 feet, where atmospheric pressure 
and temperatures are low. Hence pres
surized airplane cabins were evolved 
whereby the atmospheric pressure in
side the plane, at 40,000 feet for ex
ample; can be maintained at the equiva
lent of the atmospheric pressure exist
ing at 12,000 feet, the highest altitude at 
which humans can live efficiently with
out accessory oxygen. 

Pressurized cabins have another 
advantage. Heavy clothing, heated suits, 
and oxygen masks-burdensome when 
worn over long periods of time, as on 

For the home of the future. bathroom and Idtchen aectl.ona may be aaaembied 
from plastics units. Many different ananqements of the parts will be possible 

Courtesy Canadian InClustnea, LtC!. 
Polyethylene Insulation Is used In 
various hiqh.frequency cable types 

bomber missions deep into enemy ter
ritory-can be discarded in planes 
equipped with pressurized cabins ex
cept, of course, during the period of 
actual bombing when an enemy shell 
might pierce the fuselage. 

The problem then arose of prevent
ing the escape of air from within the 
cabin when machine-gun fire pierced 
holes in the transparent plastic domes 
of pressurized cabins. 

In the absence of a glazing that would 
resist enemy gunfire, a search was be
gun for a transparent plastic material 
which would, when penetrated by a 
bullet or shell, be self-sealing. Since no 
one plastic possesses transparency, the 
ability to be easily shaped, and the 
simultaneously contradictory property 
of rigidity with maximum flexibilty 
under shock impact to prevent shatter": 
ing, the next step was to combine two 
materials which, when laminated to
gether, might retain the desired quali
ties of each of its individual com 
ponents. 

Methyl-methacrylate was selected as 
one of the materials because of its 
rigidity, hardness, and weather re
sistance ;  and polyvinyl butyral resin 
was selected as the second component 
because of its tough, elastic, impact-re
sistant qualities. The experience and 
skill gained in the production of lami
nated safety glass was then applied to 
this new material, with sheets of 
methyl methacrylate placed on either 
side of a polyvinyl butyral sheet. Since 
polyvinyl butyral will not adhere to 
methyl-methacrylate, it was necessary 
to develop a special adhesive which 
would produce a strong bond be·tween 
the two plastics, and several hundred 
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Tips for these 120 pencils are 

Injection-molded of Tenite in one casting 
• Brightly colored Tenite pencil tips are scheduled for postwar use. 

Colors available in Tenite are unlimited , and the plastic is eminently 
suited to modem, streamlined design. In serviceability, Tenite successfully 

competes with metals traditionally used for pencil ferrules. Thin-walled and 
resilient, the ferrules grip both pencil and eraser without splitting . 

The use of Tenite plastic effects economies in material and manufacturing 
operations. Because it is exceptionally light in weight, the plastic yield is 
greater than that of metal. Tenite castings are injected at the fastest speeds ever 
attained with plastics, and no costly fini,shing operations are required. 

Tenite is extremely well-adapted to the mass production of small parts 
and has long been used for radio knobs, automobile interior appointments, 
refrigerator parts . Write TENNESSEE EASTMAN CORPORATION 

( Subsidiary of Eastman Kodak Company ) , KINGSPORT, TENN. 
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adhesives were tried' before a satisfac
�qry. type was obtained. 

Results fulIy justified the painstak
ing research i1;lvolved in the successful 
devell>pmEmt ' of this shatter-resistant 
plastic glazing. Tests on a 3fs-inch thick 
laminated semi-cylinder of this ma
terial showed no. rupturing and only 
very small holes after being penetrated 
with a .50-caliber bullet under condi-

The first BT-15  airplane to employ 
"sandwich" type 01 qlass-plastic. 
construction lor such structural 
parts as the rear section 01 the 
iuselaqe. tail cone. and side panels 

tions where the pressure differential 
was 7.5 pounds per square inch and the 
temperature was -40 degrees, Fallren
heit. Further, these small holes can be 
patched by a crew member while the 
plane is in flight. ' 

STRUCTURAL AIRCRAFT PARTS-Prob
ably the most noteworthy application 
of plastics to be made public during the 
year 1944 was the construction by the 
Army Air Forces Materiel Command 
at Wright Field of a Fiberglas lami
nated fuselage, tail cone, and side panels 
for a BT-15 airplane. This fuselage was 
the first primary structure in an air
plane to be made successfully of lami
nated plastic. I'll the past, various plas
tic laminates had been used in the con
struction of non-structural airplane 
parts-fairings, fillets, doors, escape 
hatches-not subject to severe stresses, 
but none had exhibited the physical 
properties necessary for primary struc
tures. 

The success with· which this experi
mental fuselage withs.tood the most 
stringent laboratory and field tests sug
gests , a  wide field of application in the 
future in the automotive, maritime, and 
building fields, as well as aeronautics. 
' , Basically, the test fuselage for the BT-
15 consists of glass cloth impregnated 
with resin to which a certain amount 
Qfo glass fiber flock has been added to 
give increased strength. Sandwich-type 
cons\l;"uction is used, incorporating a 
balsa-wood core between an inner and 
outer skin of the laminate. No pressure 
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is required for curing the newly devel
oped resin used for this application. 
After laying up, the fuselage need only 
be subjected to a temperature of 220 
degrees, Fahrenheit, for a period of 
three hours, after which it is ready for 
the trimming and-finishing operations. 

This laminated structural airplane 
part represents a synthesis of the re
sults obtained from many years of re
search and test work .in numerous fields 
-work that is still going on to perfect 
the material and the method of fabri
cation and make it practicable for large
scale factory production. On the one 
hand there is the long-range develop
ment conducted by Owens-Corning Fi
berglas Corporation in the production 
of different types of glass cloth; on the 
other the research activities of seven 
resin manufacturers-Pittsburgh Plate 
Glass Company (Columbia Chemical 

CourlieeJ' WestinghOuse 
Use 01 slHcone Insulation account. 
for the fact that the I O-horsepower 
motor in the foreqround is haH the 
size of the other. 01 the same ratinq. 
which has conventional Insulation 

Division) ,  American Cyanamid Com
pany, Libbey-Owens-Ford Glass Com
pany (Plaskon Division) , Dow Chemi
cal Company, Monsanto Chemical Com
pany, Bakelite Corporation, and Marco 
Chemicals, Inc. 

PLASTICS IN THE HOME - Just as the 
use of glass-reinforced low.,.pressure 
plastics for aircraft structural parts is 
well beyond the pure laboratory phase, 
so post-war applications of these same 
materials are now beyond the planning 
period. Perhaps the most interesting 
and promising of the prl>posed uses are 
to be found in models for space-sav
ing, structure-supporting, prefabricated 
kitchen and bathroom tl-nits, which 
have been projected by Virginia-Lin
coln Corporation. 

These bathroom-kitchen designs take 
advantage of the ideal properties of glass 
laminates for individual units that are 
integral with standardized interchange
able wall sections. Many of the excel
lent features of these models wQuld be 
impracticable to manufacture if the 

costly dies of high-pressure molded 
plastics were necessary, and on-the
spot assembly would be complicated if 
the units were made of light-weight 
metals. 

The two-sided assemblies, which 
comprise a bathroom and kitchen, com
plete with full storage facilities, are in
tended in their most compact form to 
occupy a space only seven feet square 
yet are capable, because of airplane
type cantilever beams, of supporting the 
entire structure of the house. The 
strength of the main supports can be 
attributed to the use of straight-line, 
continuous glass fibers that are coated 
with a resin admixed with short lengths 
of finely divided glass-fiber flock. 

The properties of this material make 
tlie glass fiber laminate ideally suited 
for : , the forming of refrigerators and 
plumbing ' units, and for strong, light, 
highly stain- and mar-resistant fur
niture for existing bathrooms and 
kitchens. Chairs and tables for ter
races, even park benches, would possess 
improved weather resistance if formed 
from this material. Luggage is another 
market that offers interesting pos
sibilities. 

ENTER SILICONES-That returns already 
are being realized from the intensified 
war-time research is evidenced by the 
first commercial production of "sili
cones." Available as fluids, greases, 
resins, and lubricants, these materials, 
which are produced by Dow Corning 
Corporation and General Electric Com
pany, bridge the gap between conven
tional organic insulating IIlaterials, 
which are limited with respect to heat 
stability, and ceramic-type materials, 
which have no such limitation. 

While silicones may be said to derive 
ultimately from sand, brine, coal, and 
oil, theit ' synthesis involves a number 
of steps and a considerable amount of 
industrial and , chemical tecJniology. 
They first reached commercial produc
tion in the form of water-white, odo.r
less, inert liquid silicones. Two of these 
liquids have a low rate of change of 
viscosity with temperature and reten
tion o.f fluidity at low temperatures, 
co.mbined with inertnesS to.ward metals, 
co.atings, and gasketing materIals: These 
characteristics suggest that the '" fluids 
will have wide use as damping, gage, 
and ashpot liquids. 

Excellent resistance to chemicals 
makes them useful as impregnants for 
asbestos packing and gaskets in chem
ical pumps; and their extremely low 
power loss, low water absorption, and 
stability to heat suggests their use as 
liquid dielectrics. These silicone liquids, 
when in solution with chlorinated sol
vents, can be employed in the treat
ment of glass surfaces o.r ceramic iri
s,ulating forms to render them water 
repellent. 

In resin form, silicones have a wide 
field of application in electrical equip
ment where the working life depends 
to a great extent upon the insulating 
and spacing material that is used. Be
cause of their inherent instability to 
heat, conventional organic insulation 
materials tend to. crack or carbo.nize, 
and to admit water and co.nducting 
materials when subjected to excessive 
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thermal conditions. While inorganic 
spacing materials can be used ' in elec
trical equipment, there must be tem
perature-stable resinous dielectrics to 
fill in voids, hold the conductors in 
place, keep out moisture, and insure 
good heat conductivity. This role the 
present silicone resins will undoubtedly 
fill in a great many insulation construc
tions . 

It has been found possible, when 
design limitations are based on insulat
ing temperatures, to reduce the weight 
of electrical equipment by as much as 
50 percent through the use of silicone 
insulation. A comparison of two 10-
horsepower motors, one insulated with 
the high-temperature silicone resin and 
the other with conventional insulating 
material, shows the unit employing 
silicones to be half the size of its mate. 

AND POLYETHYLENE-Another plastics 
material having excellent electrical 
properties which was introduced to 
the public in 1944, is polyethylene, a 
hydrocarbon resin made by the poly
merization of ethylene. Produced in this 
country by E. I.  du Pont de Nemours 
and Company, Inc. and Bakelite Cor
poration, it has in its uncompounded 
state a waxy white, translucent appear
ance but may be made transparent in 
thin sections by quenching. Being a 
thermoplastic, polyethylene can be. 
readily molded by injection or com
pression, or extruded to form sheets, 
films, fibers, tubes, and the like. In a 
sense, it is somewhat of a paradox. In 
thin sections it may be classified as 
non-rigid, yet it lacks the limp, rubbery 
quality that characterizes most non
rigid plastics. In thick specimens it is 
often stiff enough to be classed among 
the more rigid materials; 

The outstanding properties of poly
ethylene - flexibility and toughness 
over a wide range of temperatures, 
good resistance to water and to pene
tration by moisture, chemical inertness, 
and excellertt electrical properties -
should find it a place in many important 
applications. 

Regardless of the method used in 
producing a finished article from poly
ethylene, standard eauipment seems to 
vork satisfactorily. Thus, conventional 

plastics and rubber equipmertt is used 
for the extrusion of the resins, while 
conditions ,normally applicable to the 
calendering of vinyl chloride-acetate 
resin compounds are suitable for poly..; 
ethylene after modification. 

When available for other than war 
needs, polyethylene will undoubtedly 
be used for collapsible tubes for foods 
and cosmetics, for flexible tubing or 
more rigid piping, and for gaskets and 
battery parts. Performance under serv
ice conditions already has shown prom
ise for use in electrical applications, 
applications involving chemical resist
ance, medical applications, molded and 
extruded products (industrial and 
civilian) , packaging, applications in
volving fibers or monofilaments, im
pregnated cloth, lighting applications, 
and numerous unclassified applications 
from furniture casters to printing 
pla'tes. 

, Research laboratories can point to an 
impressive record of achievement dur-

ing these years of war. But not content, 
they already are making . and carrying 
out plans that may have a profound 
effect on our way of life in years to 
come. It is upon the results of their 
activity that we in America will de
pend for the material items that com
prise our standard of living and for 
many of the jobs that make our pur
chases possible. 

PLASTICS MODELS 

Show Exact Funclioning 

of Inlricale Mechanisms 

ONE of the most serious problems fac
ing industrial plants has been the rapid 
training of new workers, many of 
whom: are without knowledge or ex
perience in engineering or manufactur
ing practice. The Ford Motor Company 
has solved this difficulty with a system 
of teaching which makes use of Plexi
glas models. 

The Ford method is based on the as
sumption that if a transparent plastic 
bubble in the nose of. a bomber assists 
a navigator in plotting his course, a 

Plastics re�eal Inner workinq. 

block of the same substance surround
ing a metal part should enable a stu
dent to see the inner workings of a 
bomber's more intricate mechanisms. 
Experiments were started in the con
struction of fuel selector valves, engine
driven hydraulic pumps, and hand 
pumps. It was found possible to ma
chine blocks of transparent acrylic 
plastics to exact specifications for as
sembly with other plastic parts or with 
functional metal parts. The transpar
ency of the acrylic allows the interior 
workings of the bomber mechanism to 
be seen in their true perspective with
out recourse to prismatic projection 
by engineers. Instructors are thus able 
to explain in step-by-step detail the 
separate functioning of each unit and 
to demonstrate its relation to the 
whole mechanism. 

PENCIL FERRULES 

Made of Plaslics Siand 

Up Under Tesl 

T HE PENCIL chewer will have to acquire 
a taste , for plastics. The American Lead 
Pencil ' Company has been testing plas
tic ferrules successfully ,for 'seve:t:al 
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years and plans to recommend them to 
its post-war customers. 

The company's reason for this is 
based on the performance record of 
the Tenite II ferrules under test as 
well as the econOInies in material and 
manufacturing operations they effect. 
Compared to traditional copper alloy 
ferrules and tips made of other metals, 
the plastic pieces are superior in light
ness, flexibility, and color appeal. 

Two types of these cellulose acetate 
butyrate ferrules are manufactured by 
this company. The simpler type, used 
in cheaper grade pencils, is a repro
duction in plastics of the old metal part. 
It is a simple injection molded , tube 
anchored to the pencil and to the eraser 
plug by the traditional prick-punching 
method. 

. 

The second type, with glue-anchored 
ferrule, is used on the company's qual
ity products-its Venus and Velvet 
pencils. The two ribs of this model, 
separated by a 3/32-inch depressed 
band, serve as ' borders for a brand
identifying ' colored stripe which is 
lacquered on the ferrule after molding. 
No prick punching mars the glossy sur
face and except for the lacquering of 
the stripe the ferrule emerges ' from ' the 
mold ready for assembling. 

BETTER FURS 

Produced By Using Chemicals 

Presenl in Nalural Fibers 

SHEEP in mink's clothing is the best 
description of ' a new fur-treating pro
cess developed by Dr. Jose B. Calva, a 
Mexican-born scientist. Using his 
method of chemically reacting groups 
already present in the fibers of sheep
skin and lambs wool with a reagent to 
form a thermosetting resin, luxurious 
furs can be simulated. 

Such added effects as luster, curl, 
water repellence, wear resistance, 
moth-proofing, and an increase in the 
diameter of the filaments, can be pro
duced by variations in the reagents. 

The process can also be of benefit 
to the luxury furs, adding permanent 
luster, crease resistance, and wear re
sistance to rare and fragile skins. Other 
applications include the treatment of 
jute, cloth, felt, pile, carpeting, and 
bristles. 

The treating solution used in the 
Calva method can be applied so that it 
encases the fibers to add certain prop
erties without changing the nature of 
the material. On the other hand, it can 
be used 'to alter radically the nature of 
the fiber as in the case of sheep pelts: 
In this process, tanned shearlings, se
lected for uniform quality, are first de
greased and dried. They are then 
soaked in water an.d redried. 

Next, the , �kins ate subjected to two 
dipping operations-first in a solution 
composed 0£ 60 parts by weight of com
mercial cres91 'and, 40 parts of �·ml.xture 
of benzol, alcohol, and water, and then 
in a;nqther solution ' of commercial for .. 
maldehyde. After removal from the 
final bath the skins are put through a 
series of washings. Finally they are 
dried, and given a heat treatment which 
completes the formation at th�".co,1.)
densation products. . 
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ElGIREEBIHG Conducted by E D W I N  L A I R D  C A D Y  

Everything Onder Control 
ChaiDS 01 Controi. Developed Through CODStant Besearch. Result in BeUer 

Producls. Made Fasler and al Lower Cosi. A�l Induslrial Produclion MeD 

Rave a Slake iD Ihis Imporlant Phase 01 Mechanical Engineering. 10 Which 

Teamwork Holds Ihe. Key .. Row Plant Salely is Incr;ased 

MODERN factories make better prod
ucts than ever before, make them 

faster and sell them for less money, all 
because research has been married to 
-control. The future of all industry lies 
in that couple: research to find out 
what to do, control to make sure it is 
done. And of the two, control is prob
ably the more important. 

Almost any industrial product of to
day is produc.ed under more controls, 
exercised by more people, than the 
production executives of 20 years ago 
would have believed possible. Nowa
days a finished product is likely to be 
the result of chains of controls, exer
cised by groups of engineers who fully 
trust each other although they may 
never meet. 

The fabrication of stainless-steel 
products is a case in point. Stainless 
steel, a tough, hard metal which for 
20 years was a headache to any produc
tion man who put it through his ma
chines, now goes down the production 
line with no trouble at all. And the 
reason is that the cutting of stainless 
really starts in the junk yard from 

0rIUtI.r --. 0tIIr OOmDUlJ 

which the scrap for the steel mill is 
purchased. 

The junk yard has a laboratory. Here 
the scrap is tested, retested, and segre
gated as carefully as if it were an in
gredient for a medical product. Often 
the yard management knows the com
plete history of the scrap, including 
the name of the steel mill which pro
duced -the original metal and the exact 
analysis which the metal was guaran
teed to have. Fact is added to fact 
until the character of each bin full of 
chips and each bale of stamping trim 
becomes known. 

The scrap goes to the mill of a maker 
of stainless steel, such as, for example, 
Rustless Iron and Steel Corporation. 
Here scrap of many different analyses 
will be mixed with virgin metals. 

It would be easy for the steel-mill 
metallurgist to take so much of this 
scrap analysis and so much of that, 
and estimate that he would come out 
with the mixture he wants. But metals 
have ways of producing unexpected 
results when mixed. So the metallurgist 
must make sure. He takes fair samples 

Air-conditioninq equipment (foreqround) is often a laboratory "must" 

of all the lots of scrap he intends to 
use, and melts them into an experi
mental ingot. Separate analyses can 
tell a great deal, but an analysis of 
an ingot tells the whole story. 

Now, for a minute, let's shift the 
scene to the product development de
partment of the company which is to 
fabricate this steel. 

AIMING AT THE END-Stainless steels 
can be of many different analyses. Some 
are difficult to fabricate, others very 
much easier. The product development 
staff, aided by the sales research group, 
has worked out the exact qualities 
which the steel must have in order to 
result in a satisfactory end product. 
They have transmitted this list of quali
ties via their purchasing department to 
the steel mill. The steel-mill metal
lurgist therefore knows exactly what he 
must produce. 

The production men are in the pic
ture, too. Modern machine tools are 
capable of more exact control than any 
previously known to industry; they 
function as they are intended to func
tion. So the production men tell the 
steel mill exactly how they will fabri
cate the metal. If necessary, a steel�mill 
sales engineer calls at the plant and 
sees the whole procedure. 

This information means a great deal 
to the steel-mill metallurgist. Ma
chineability (ease of machining) can 
be compounded into the steel. 

But there are certain factors which 
must be observed. One of them is the 
matter of whether the cuts are to be 
deep or are to be fine. Sulfur, as an in
gredient of steel, helps machineabil
ity on deep cuts and heavy feeds; it 
causes the chips to shear away easily 
and break up readily. But if feeds are 
going to be fine and cuts light, seleni
um in the steel may be more helpful 
than sulfur. And it is possible to vary 
many of the ingredients in accordance 
with the work to be done. 

With all this iruormation-and plenty 
more-in his hands, the metallurgist 
has his sample ingot put through the 
laboratory. Spectrographic analysis uses 
the flash from a carbon arc to excite 
the atoms of a tiny bit of metal. In 10 
minutes a spectrum photograph sorts 
out the elements by their wavelengths 
and gives a quick but accurate picture 
of what the sample contains. And the 
laboratory with its furnaces, bunsen 
burners, hardness testers, and compli
cated glassware follows through. 

The mixture finally decided upon 
is weighed out and put into the electric 
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LIKE SHOOTING FISH IN A BARREL • • • There 

was a time when Jap Zeros could "s.it in the sun" 

and come in with guns  blazing - protected from our 

gunners by bl inding sunl ig ht. Not long ago, they 

had a n  unpleasant surprise. U. S. Army a n d  Navy 

g u nners n ow have a new Westinghouse gunsighf 
lamp that lets them fi re with deadly accuracy - d i

rectly into the sun. Formerly, our g u n n e rs could a i m  

withi n  on ly 1 5  deg rees o f  t h e  s u n ,  leaving a d read ed 

"blind spot". This has now been removed - and, 

with it, a lot of Ja ps. 

La m ps of .10,000 different types, using from 1/IOth to 10,000 wa tls - i nca ndescent, 

fluorescent, infra red, u ltraviolet l a m ps, prod uced at the rate of apout 1 ,000,000 

u n its d aily - lamps for seeing, for heating,  for fig hti ng d isease - wherever 
you see thfl Westinghouse Mozda Trade Mark, you'/1 find top quality l 

DAVY JONII c o u l d  fl n d  good use f o r  I h i s  

looo.wall  s e a  s a l v a g e  l a m p .  I n s i d e  a re 

loose g r a i n s  of l u ngSlen w h i c h  I h e  d i v e r  c a n  

w h i r l  a g a i n . '  t h e  g la s s  - 10 scour 0 "  cloud. 

i n g  par li c le.  e m i lled by I h e  fi l a  m e n  I .  

Tune in: JOHN CHARLES THOMAS 
Sunday, 2:30 pm, EWJ, N8C 

SELF-CONTAINED SUN LAMP, developed 

by Westi ng house, pro'd uces comfortable 
warm lh with in fra red, a s  well  as beneflclal 

II l1roviolet rays. Mercu ry va por, electro.des, 
reflector, and inca ndescent fila ment are 
sealed in a reflector bulb of special glass, 

which screws into any lam p  socket. 
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CIILlNG, 2000 . �  . Vila l "cei l i n g "  i n for· 

m o t i o n  i s  prov ided f o r  American flier. b y  
olldade s ig h ti n g  d e v i ce, w h i c h  " d r a w s  a 

bea d "  on a cloud - i l l u m i n a ted by g i a n l  

Westi ng house search l ig h t .  H e i g h l . i s read 

d l r ec l l y  I n  h u n d reds o f  f.el .  

HAM AN' • • • New sealed.beam landi1lg 

lig hts for a rmy bombers are so 
.
powerfu l 

that a Westi ng house engineer actua l l y  

�ooked a meal  on t h e  surface of a n  up. 
turned l e n s .  I n fra red rays did the- trick.  

MAXIMUM "SII-AIILln" i s  prov ided b y  

Westlnjlhau.e 3·ki lowatl  m e r c u ry l a m ps 

in b l i m p  h a n g a rs ,  a i r p l a n e  foctorie.,  sleel 

mi l l. ,  ek. The.e l a m ps produc. 1 20,000 
l u m e n s  of l i g h l .  

TI/ne in :  TEO MALONE 
.Mon. Wed. Fri. 10:15 pm, EWT. 

81ue Network 
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furnace. And here the control is as ex
act as it can be made. No longer does 
the steel man judge the temperature 
with his eye and the time for pouring 
by t.lle behavior of the gases. A pyrom
eter with its thermocouple in the fur
nace measures the temperature, and the 
timing of the pouring is as carefully 
controlled as science can make it. A 
small sample ingot is poured so that its 
temperature can be taken separately 
and the metallurgist can have a com
plete record. Upon bits of evidence 

Courtes:!' Robart Oalr Company 

Modern packaqinq desiqn requires 
application of structural enqineerinq 

taken from such samples will be built 
tomorrow's improvements in metal
lurgy. 

When the bars have been rolled and 
checks made to be sure they are of 
the intended analysis, ano,ther matter 
important to machining is taken care 
of-the surfaces of the bars are pre
pared. 

CONTROLLED PICKLING-In recently 
bygone days, steel was pickled just 
enough to take off the scale, and that 
was that. Or it might be cold drawn or 
cold rolled for accuracy and to improve 
its surface quality. But every modern 
machinist knows that the skin of that 
steel, and what the tool has to do to 
get through the skin and start its cut, 
can make big differences to machining 
costs. 

For one
· 

machining operation the 
stainless may be pickled lightly; the 
tools Will not enter too easily and ac
curacy will be preserved on light 
cuts. For another the pickle must be 
deep; some kinds of tools simply will 
not take hold on a lightly pickled 
skin. Centerless grinding produces 
highly accurate bars, easy to turn into 
accurate parts, and with skins which 
invite top-speed machining. Cold draw
ing and other finishes have their places 
too. The point is, the steel fabricator 
gets the exact kind of surface which 
will best suit his machines, tools, . and 
methods. 

In his lathe, then, the machinist finds 
a bar which has been made e�actly 
right for his task by control based up
on research. But control is not yet fin
ished. 

Quite independent of the steel makers,. 
the �ufac�rs of cutting oils and of 
tool steels have been carrying on their 
own exquisitely careful controls. The 

32 

machine is equipped with oils and with 
tools exactly worked out for machin
ing stainless steels. The oils usually 
are sulfur-bearing, the tools the hardest 
obtainable while avoiding any brittle
ness. The stainless will inwose heavy 
tool loads; if it was not hard and tough 
enough to do this it would not be dur
able enough to serve in many of the 
products made of it. ' 

Around him the machinist sees an 
array of instruments which would have 
bewildered an old-timer. His cutting 
oil is kept at an exact temperature, 
sometimes as high as 150 degrees, Fah
renheit, and there is a thermometer to 
show him what that temperature is. 
An electric meter shows him the 
itmount of power his machine is using; 
if its needle does not point to the cor
rect figure for each cut then he knows 
that something is seriously wrong. Dial 
gages follow every cutting tool ; the 
machinist knows instantly if his work 
is becoming inaccurate. And at his 
elbow may be an array of inspection' 

COurtee7 Buaueoa Iron and Steel Corporation 

Pourinq a test inqot 

instruments ranging from micrometers 
and magnifying glasses to special tem
'plates and fixtures; no matter how 
many other men may be exercising 
controls, the individual responsibility 
of the machinist never diminishes. 

Unlike his old-time predecessor, the 
machinist does not lubricate his own 
machine, test his own cutting oil, nor 
adjust his own lighting. These matters 
are too important to overall control 
to be entrusted to any one man. A 
special maintenance ga,ng does the 
lubricating, and does it with special 
equipment which applies the correct 
lubricants and keeps them perfectly 
clean. Laboratory men check the cut
ting oil ; chemical and physical tests 
are made with instruments. Lighting is 
a job for experts; the exact number 
of foot candles at every work plane, 
coupled with methods of preventing 
optical illusions and glare, all have 
been worked out by research. Clean
ing the chips from the machine is a 
task by itself; those chips must be 
segregated, metal by metal and alloy 

by alloy, so that the cycle which started 
with the junk yard may be kept under 
control. The very cleaning of the ' floor 
about the '  machine is done with vacu
um scrubbers which operate with 
machine tool precision. 

And so
' 

stainless steel has hundreds 
of uses where it formerly had dozens, 
all because the close control of all fac
tors has made its fabrication easy. 

CONTINUOUS CHECK·UP-Control by . 
continuous laboratory check-up is an
other method which makes modern 
industry more effective. A fiber carton 
maker, such as the Robert Gair Com

'


pany, is an example. 
A fiber carton really starts its life 

with. a study ' in structural engineer-
. ing. Every part of the item to be packed 

must be protected and supported, the 
item must be made to contribute as 
much strength as possible to the fin
ished package, no weak part of the 
item may bear any heavy load, and the 
stresses must be distributed through
out the package so they do not con
centrate at any point. In fact; a high
way bridge can be built with less 
schematic engineering than goes into 
many a package. But when that struc
tural engineering is finished, the prod
uct packaged will arrive safely at its 
destination. 

The materials of which the package 
is made must be exactly as specified or 
the structural engineering will be use
less. Therefore laboratory control of 
those materials starts with the pulp 
wood, waste paper, and other raw ma
terials and never stops until the fin
ished fiber board is being fabricated 
into packages. 

There is a small laboratory, or at 
least a laboratory man with the neces
sary equipment, at every important 
machine and process. The laboratory 

Counea, BUIU ... Iron and Steel Corporation 

Checklnq tensile strenqth of steel 

man makes continual checks. He does 
not tell the production man what to 
do nor how to adjust his machines, 
but merely informs 'him of the immedi
ate condition of the work in process. 

The production man has at his finger 
tips a series · .of highly sensitive con
trols. He can : change the amount of 
power being supplied to the machines 
and thus v<u:y_ ih� amounts o£ work 
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Courtesy Rustle .. Iron and Steel Corporation 
Carbon determinalions by the lab
oratory control the quaUty 01 steel 

being done on the stock. He can change 
temperatures, speeds, timings, the 
amounts of water being fed, or the in
gredients in use. Standing at the push
button control station for a sequence of 
machines hundreds of feet long, he can 
change the coordination of that se
quence to get more speed here, le�s heat 
there, higher pressures elsewhere. 

A master · laboratory does the final 
testing and lays down the original spe
cifications by whic,h the production 
men work. This laboratory continually 
tests the finished board, and may 
change . its working specifications for 
any step in . .  the . production sequence. 

Without this hand-in-hand working 
of laboratory and production men, 
thousands of tons of stock might be 
spoiled, or packages might have to be 
made bulkier, heavier, and far more 
costly in order to compensate for the 
weaknesses of faulty fiber board. But 
control is having its usual results. 
Packages are far better than ever .be
fore, and far less costly. 

INSTRUMENTS TAKE OVER-Instruments 
are being used more widely than ever 
before to inform production men of how 
processes are working, and even, to 
control the work directly. In fact, the 
1930s are becoming known as the "in
struments decade" during which me
chanical and electrical controls dis
placed the five human senses as means 
for control. And the pace at which in
struments are taking over is now much 
faster than in the '30s. 

In everything from bakeries to brass 
mills the weather can affect the per
formance of processes; therefore in
struments continually interpret the 
changes in wea,ther and change the ad
justments of process controls. Many 
plants making chemicals, paints, and 
like products are subject to wide fluc
tuations in the amounts of heat and 
power needed; instruments mounted at 
important machines interpret the con
ditions of the materials in process, 
translate their interpretations into pre
dictions, and relay their readings to the 
power plants so that changes in the 
amounts of power and heat supplied 
may be made in advance of needs. 

,Instruments stand guard over hun
dreds of different kinds of explosion 
hazards, poisonous fumes hazards, and 

other dangerous processes; they are 
largely responsible for the fact that, in 
spite of its vastly multiplied potential 
dangers, industry is safer than ever 
before. 

More than one highly complex se
quence of machines is completely 
walled in so that its operators cannot 
touch it. Instruments do all of the con
trolling. Pushing a control switch but
ton results in changing the settings 
of instruments, and the instruments in 
turn actuate the mechanisms which 
change the process controls. 

And this is the future of manufac
turing. Industry will grow by research, 
because research will be made useful by 
continuing development of control. 

FUEL ECOHOMIES 

Reflecled lIy Reduced 
Raulage of Coal 

I N  1918 the United States railroads 
hauled five tons of coal per capita per 
year. In 1943 (both years were war 
years) it was only 3.6 tons. Neither 
figure includes the coal · hauled for 
burning in the railroads' own locomo
tives. 

Very little of this decrease is repre
sented by the substitution of fuel oil, 
gas, or other fuels. Any inroads these 
substitutes may have made into coal use 
are enormously overbalanced by the 
increased burning of fuel for . power 
generation by public utilities and by 
factories alike. 

These figures are direct indicators of 
how far mechanical engineering has 
progressed in getting more heat out of 
the same amount of fuel and making 
more efficient use of the heat after it 
is obtained. 

UPSETTIHG UPSETS 

Show Deliaila GaiDI 

ia Fonuiag Melal Parll 

I N the many-sided "battle of the proc
esses" for forming metal parts, up
setting is obtaining a large share of the 
field. While not used as often as casting, 
cutting, extruding, or drawing, it 
nevertheless is making rapid strides. 

One contribution to upsetting prog
ress is harder and better metals for 
dies. This means that more heads or 
other shapes can be upset on soft stock 
before tools must be replaced, and that 
harder metals can be upset economi
cally. 

The use of controlled atmosphere 
furnaces for heating parts which are to 
be upset has greatly promoted the art. 
Formerly, scale from exposure to oxy
gen in the air was a serious problem 
to parts which were to be hot-upset. 
Now such scale can be prevented. 

Resistance heating of parts, so that 
the upsetting takes place at the very 
instant the parts were ready for it, is a 
development originating a few years 
ago. The heating is done with the parts 
actually in the dies and the whole pro
duction cycle can be finished and the 
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parts in the quenching bath before 
scale gets much chance to form. 

Induction heating is making upsetting 
practical for large masses of metal. In 
the Chevrolet Saginaw forge plant, for 
example, the hub ends of aluminum 
propeller blades are induction heated 
in three minutes for upsetting, com
pared to two and one half hours needed 
to heat them by gas. Such gains in 
speed will lead to the use of upsetting 
processes on many more large parts. 

IHDUSTRIAL PROTECTIOI 

BaiDg Adapled lIy · a 

Huuer of OrgaaizalioDS 

DEVICES for the protection of work
men promise to become a major indus
try by themselves. Many of the most 
forward-looking companies are well in 
advance of the state and national laws 
in their use of them. 

Westinghouse Electric and Manufac
turing Company, for example, uses an 
ultra-violet lamp to kill any fungus 
growths which may have been left in 
safety shoes during fitting trials. 

Another Westinghouse ultra-advanced 
method is the wearing of a piece of 
photographic film in the pocket of a 

V .. t-pocket 81m protecta worker 

man who works with x-ray tubes. Once 
a week this film is inspected. If the 
worker has been exposed to the ·danger
ous x-rays, the film will be clouded. 
Search is then made for the source of 
the danger, and correction is completed 
before the man resumes work. 

WELDED COHSTRUCTIOI 

Applicalile 10 a I_IIer of 
Differenl Types of Projecls 

A DIVERSIFIED application of electric 
arc-welding to practically any type of 
steel construction for projects adaptable 
to peace-time purposes is forecast in a 
recent issue of Construction Methods. 

An all-welded steel swimming pool is 
durable and usable with little care. An 
all-welded storage sphere for liquefied 
natural gas kept at a temperature of 
-258 degrees, Fahrenheit, has been 
constructed with an inner sphere 
welded of a special alloy steel, using a 

33 



shielded-arc electrode specially de
signed for welding various stainless 
steels. This procedure guarantees 
that the containers can be kept at ex
tremely low temperatures without fear 
of fracture. After the war, liquid 
natural gas may be shipped in tank 
cars, barges, and ships, making this im
portant fuel available in many ad
ditional are�s. 

An all-welded bus garage of ex
tremely light construction is provided 
with long-span trusses, permitting a 
large, unobstructed repair area under
neath without vertical support. A spe
cial tank, or "vertical bullet," used for 
the storage of highly volatile gases in 
the petroleum industry has been built 
by arc-welding. Increased use of high 
octane gasolines after the war may 
cause a growth in this type of fabrica
tion. 

Welded fabrication has been found 
to reduce maintenance materially and 
give a factor of safety in a rigid-frame 
all-welded steel building. The com
pleted structures cost substantially less 
than was indicated by bids for other 
conventional types. 

CORIIERSTOIES 

Ai. iD Improviag 

".uslrial CODslruclioD 

lEW industrial materials come along 
so fast nowadays that many a plant 
management has trouble in keeping 
track of what materials were used for 
various purposes so it can know what 
values each material proved itself to 
possess. 

One user of high-temperature proc
esses has to tear down its furnaces 
when they ' are badly worn. It has 
trouble, however, in remembering what 
materials were used in them, since 
the life of a furnace between tear
downs may · be more than two years. 
The problem has been solved by put
ting, in a corner of the furnace remote 
from the heat, a hollow block in which 
is placed a list of materials used, the 
building method, and .blueprints. Com
parisons of these data with the repair 
and maintenance records, and with the 
condition of parts of the furnace when 
torn down, give the data needed for 
more durable rebUilding. 

LAlDIIG STRIPS 

WUI La" law Jobs ill 
MUI ".USlries 

, HE STEEL landing strips which are laid 
on the runways of new military air
ports, on invasion beaches, and the like, 
may have an important peace-time fu
ture. 

One eJq>ected use is for secondary 
roads. The steel strips are laid, then 
filled in with mixtures ' of sand and oil, 
rubble and tar, and the like. 

Roads of this type may be laid for 
temporary as well as permanent use. 
When a main arterial highway is being 
rebuilt, for example, the "one way 
only" and "pass at your own risk" 
!trips which contractors must keep open, 
are as expensive to contractors as they 
are bothersom.e to motorists. Much of 
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this trouble may be saved by laying 
temporary landing strip roads, and the 
method may pay for itself out of savings 
in the costs and time needed for re
building the main roads. 

Some types of factory floors offer 
other uses. Where there are heavy 
castings which must stand and cool, 
for example, a :readily replaceable mat 
of heat-dissipating steel beneath a 
shielding layer of sand may offer great 
advantages. 

Chemicals and other plants which 
make use of process muck to fill in 
swamp or waste land, are eyeing these 
landing strips with favor. The strips 
will permit temporary roads to be laid 
for dump trucks, make the handling 
and piling of the muck for the smooth
ing bulldozers easier and less costly. 

SALVAGED BTUs 

Show Profils 10 
Far-Sighle. ".usmas 

I NDUSTRY is coming out of this war 
with greatly advanced techniques for 
salvaging and using heat units. 

More heat than ever before is being 
generated in melting, grinding, welding, 
and other processes. Less of it is being 
wasted by exhausting heated air to the 
atmosphere or running heated liquids 
to the sewer. 

One long-time technique is to run 
dust laden air from grinding machines 
through filters, remove the silicosis
dangerous dusts, then return the 
cleaned air to the work zone. Since 
the air ha� been heated largely by the 
friction of the grinding operation, the 
BTUs contained in it are salvaged 
materials. The savings in plant heat
ing bills often pay for the cleaning 
of the air and then show a profit. One 
electrical products plant estimates that 
it saves 800 tons of coal a year in this 
way. 

Another method is to run water, 
heated while cooling roIling mills, di
rect to metals washing tanks which 
must have their water supplies kept at 
above 150 degrees, Fahrenheit. 

Offices, and even the nearby homes 
of workers, are heated by steam or hot 
water piped from heat-producing pro
cesses. The water is recirculated to the 
process tanks. 

Waste heat is used to preheat metals 
before flame cutting, to heat thermo
plastic materials before molding, to 

. preheat metals before abrasive blasting, 
to heat baths used in plating, to heat 
water used in the processing of textiles, 
and for dozens of other purposes. 

Often the salvaging of heat units adds 
tiny weights and secures delicate bal
ances in the economies ' Of the produc
tion line--economies which pay off in 
their total effects upon profits. 

REMOTE CORTROL OR TBE BOOF 

Euables Operalor 10 Salacl 

A.vaDlagaous ObsarvalioD Posl 

As MORE and �ore machines are con
nected together into continuous pro
cesses and as mile-long continuous 
conveyor systems become common
places, the problems of remote control 

and of mid-point temporary adjust
ments of speeds, and so on, are on the 
rise. 

The most common control method is 
to have variable-speed motors, vari
able-speed power tranSmission drives, 
and the like, spotted along the chain 
of integrated machines. Skilled opera
tors then can change operating speeds 
as needed to keep the continuous pro
cess functioning. 

One trouble with this has been the 
tendency for unskilled men to monkey 
with the controls. Often the adjust
ments in operating speeds, although 
made with the utmost of good inten
tions, have very bad effects. 

Another trouble is that it may be 
impossible to locate a push-button sta
tion at the best post of observation 
for the operator, since that post is 
wherever the trouble-the conveyed 
material pile-up or whatever-occurs, 
and this is largely a matter of chance. 

One way of handling both troubles is 
to hang a '  push button electrical switch 
box on the belt of the operator. Leads 
from this plug';'in at the control stations, 
and since no other buttons are located 
at these stations, unauthorized person
nel cannot operate the controls. 

The operator carries spare lead wires 
which are long enough so he can plug
in at the regular control station and 
then stand several feet from the sta
tion while manipulating his switches. 
He thus can do his controlling from 
a place which gives him the best view 
of the trouble he is correcting. 

WOODEN DIE BLOeD 

Ara "expaasiva •• 
"craasl! Sp88. 

WOOD FIBER processed by the Mason
ite method is capable of being given 
wide varieties of hardness, weight, wa
ter absorption, and other character
istics. Many of the resulting products 
are military secrets, but one which has 
come to light is the wooden die block. . 

This ' block is compressed to such 
hardness and weight that it will not 
float in water. But it can be cut and 
shaped to a smooth finish and it will 
hold its shape under changing tempera
tures. 

One principal use is for dies on metal 
spinning machines. The wooden block 
costs only a few dollars to finish into a 
die, whereas metal blocks may cost 
hundreds of dollars. Once shaped, the 
wooden block provides a surface ove!" 
which the metal flows very easily, in 
some cases materially decreasing the 
labor and increasing work speed. 

Large pieces, such as sections of air
plane wings, also are shaped over these 
blocks. The use of wood in large sized 
bending brakes is old in the sheet metal 
art; many mechanics preferred the 
friction characteristics of metal over 
wood to metal bent over metal. One 
of the old troubles was the non uni
formity of the wood. With this new 
product-and perhaps other wood dies 
to be made of lumber prepared by the 
new Du Pont and other processes
wood may be an important factor in 
'the tools of the ' intricate shaping sheet 
metal i'ildustry of post-war days. 
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The synthetic rubber industry is a product of chemical research. This partial 

view of Koppers United Company's Kobuta plant qives an idea of its immensity 

CBEMISTBY II ·IRDUSTRY 

Conducted by D .  H .  K I L L E F F E R  

Where Research is KiDg 
Ia the Chemical Indnstries More than Any Other Field, Research is the 

Basis of All Progress and ProHt. Outstanding Among its Achievements 

Has Been the Drastic Lowering of Prices on a Long List of Materials 

Used Widely in Production, with Consequent Benefit for All Humanity 

B y  F .  J .  V A N  A N T W E R P E N  
Associate Edttor, Industrial and Engineering Chemistry 

THERE IS nothing in chemistry today 
that research has not affected. This 

is another way of saying that there is 
nothing in your life which has not 
been influenced by this same force. 
Research has been defined as "a state 
of mind." The field of chemistry, with 
i ts many offshoots-industrial as well 
as theoretical-well represents this 
state of mind. Fortunately, this state of 
mind has paid immense dividends both 
in dollars declared to stockholders and 
in discoveries basic to progress. 

Although research is continually con
cerned with the development of new 
and better things for mankind, not the 
least benefit to come from the applica
tion of the research method is the re
duction ' of prices to the consumer. The 
chemical industry is a long-time 

. champion in this respect. 
It was said recently that the cost 

of triptane--marvelous new fuel-was 
$1000 a gallon when it was first pro
duced on a laboratory scale. Pilot-plant 
trials brought the cost down to $35 a 
gallon and recent experiments have 
perfected a process that is going to 

make this tremendously powerful gaso
line for less than a dollar a gallon. 

COST REDUCTIONS-Research has also 
lowered the prices of certain chemicals 
as follows: 

Acetanalide cost 66 cents a pound in 
1918; now it costs less than 23 cents. 

Acetone cost nine cents in 1934; it 
is priced at four cents now. 

Ammonia has been halved in price 
in 30 years. 

Aspirin fell from $3.26 in the last 
war to less than 47 cents in this. 

Cellophane cost, $2.65 in 1924 and 
research has reduced this to about 30 
cents today. 

Coal-tar dyes, short in 1918 at $1 .07 
a pound, are plentiful today at about 
61 cents a pound. 

Benzyl alcohol reached the stratos
phere during the World War I shortage 
at $6.25 a pound. With the proper 
priorities you may buy it now at 51 
cents. 

Chile, at one time, with a corner on 
iodine in the world marts, forced the' 
price to well over $4.00 a pound. Sev-
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eral chemists out west, noticing that 
oil-well brines had a high iodine con
tent, devised a process to recover this 
halide and Chile's monopoly was 
crushed for all time, as was the exorbi
tant price. 

When dry ice first appeared the price 
was close to 4 cents a pound; by 1939 
it had come down to 1.5 cents. 

In six years cellulose acetate prices 
fell 20 cents a pound. 

Hydrogen gas has dropped from $6.85 
to $1.38 a thousand cubic feet in 10 
years. 

Obviously, only the application of 
intensive and deliberate research could 
produce results such as those described 
above. It is a long cry from the attitude 
of early industry when manufactur
ing was an art, techniques were handed 
down from father to son, and not a 
jot or tittle could be changed. Today, 
research deliberately attempts to find 
improved manufacturing methods and 
cheaper and more available raw ma
terials-all dedicated to making a fin
ished product that will be accepted 
more readily by the public. Research is 
a powerful tool that is busy at all 
times creating new industries and new 
comforts for mankind. 

UNPREDICTABLE RESEARCH-Arthur D. 
Little, one of the men in America who 
sold the necessity of research to indus
try, once said that research had one 
characteristic in common with lightning 
- one never knew where it would 
strike. In analyzing that statement 
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another aspect of research is seen
that, even though research is generally 
planned along certain lines, the res'!llts< 
are never certain and a successful 're�' 
search organization must be , able 'tb , 
capitalize on whatever new ' facts are 
turned up. 

Chemical research has always been 
able to do this, from the day when the 
boy who was later to become Sir Wil-l liam Perkin, trying to synthesize quin
ine, found the coal-tar dye industry 
in his test tube, down to the present, 
when a food concern improves me
chanical greases or discovers a mate
rial that will purify water. 

In early 1939 several German scien
tists toured the country inspecting the 
industrial plant of the United States 
and at the end of the tour they were 
asked what had impressed them most 
in all they had seen. Their answer is 
a tribute to the greatest institute that 
has ever been developed for research; 
the thing that filled them with envy 
was, the Mellon Institute and the close 
co-operation which it fostered between 
research and industry. To .them that 
was the crowning achievement - orily 
to be found in a country where indus
trial progress is a continuing thing 
upon which general prosperity is de
pendent. 

There is nothing new in organiza
tions dedicated to research. The Ger
mans had them. The uniqueness was 
to be found in the co-operation between 
industry and the scientist-proof that 
the intangible basis of research is a 
state of mind. The donors of the money 
that founded the Mellon Institute had 
recognized that research was a neces
sary condition to the general welfare 
of the country. Andrew Mellon said: 
"It is science, not governments nor 
wars of conquest, that opens up to 
us new horizons." , Mellon recognized 
other truths concerning business and 
science when he stated that "improve
ment in the standard of living of, the 
human race can come about in the 
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A �enera1 Moton' Diesel OIl a telt 
stand where many thousancla 01 hODrs 
wer. apent on lubrlcation research 

future orily by reason of new discov
eries and inventions, just as in the 
past the steam engine and other inven
tions have been responsible for many 
impl;"Oyements in the stand�hi of living 
enjOyed by ,the average man today. It 
is these thing$, and not governmental 
or political action that have ,increa$Eld 
production, lowered costs, raiseq., wages, 
elevated the standard of living, and so 
have brought about a greater participa
tion of the human race in these bene
fits." 

FINDING THE UNSOUGHT - Chemical 
research as practiced at the Mellon 
Institute has fully met the expectations 
of the founders. One example will be 
given-the most famous, perhaps, of 
any example that could be chosen to 
illustrate research and the queer twists 
that may be expected from it. As in 
many research problems, the chemist 
was looking for one thing and found 
another. 

. 

Dr. George O. Curme, working for 
the Prest-O-Lite Company on an in
dustrial fellowship, was seeking better 
ways to produce acetylene, the gas 
used in oxy-acetylene welding and 
cutting torches. The method then in 
vogue for generating the gas depended 
upon the reaction of water on calcium 
carbide. 

Curme soon found that acetylene 
could be produced by cracking gas 
oil. The one drawback was that ethylene 
-an unwanted by-product-was formed 
also. If the process was to be eco
nomical, it was necessary that an 
industrial use be found for ethylene, 
and research was started to find some 
outlet for that by-product. The out
come was the anti-freeze that you 
probably use in your car - ethylene 
glycol. This same material is also 
used ill the explosives industry and 
is , serving purposes entirely new to the 
arts. Its ethers are ideal solvents and 
are finding irreplaceable (until fur
ther research , topples them) applica
tions in the lacquer field. And from 
the researches on acetylene has today 
grown the mighty Carbide and Carbon 
Chemicals , Corporation. 

The list of chemicals developed by 
this corporation from the application 
of intensive research methods is longer 
than your arm. The young man who 
made the original discovery is a vice 
president of the organization and still 
its sparkplug in research. Upon these 
basic researches is founded an indus
try producing organic chemicals from 
petroleum gases. The same Carbide 
and Carbon Chemicals Corporation has 
been making ethyl alcohol from the 
ethylene of natural gas for many years. 
This was another triumph of research, 
for it had been predicted freely that 
such a process would never be econ
omical in the face of alcohol from 
fermenting blackstrap molasses. Re
search paved and proved the way. 

PROFITABLE BY�PATHS-The paths, along 
which the state of mind just exem
plified may lead a company are strange 
indeed. The Eastman Kodak Company, 
conducting research on problems basic 
to the photographic business, found it
self with a highly successful means of 

producing vitamins. A technique that 
was investigated by the Eastman labo
ratories wa� that of high vacuum dis
tillatioJ;l. The investigators soon found 
that " the methods, developed for 
the s�udy of , a problem dealing with 
ways to improve the taking of a pic
'ture, ' were also conducive to making 
vitamin A by the distillation of na-
tural oils. 

' 

The same company is a large pro 
ducer of cellulose acetate yarn-a busi
ness tha.t stemmed from production of 
safety film. And that compound pays 
dividends from its use as a thin, 
transparent wrapping material. 

The photographic business leads in
evitably to plastics, for the inventor of 
the phenol-formaldehyde type plastics, 

Courtesy Westinghouse 
Research is seldom wasted. This 
elaborate set·up was made for the 
purpose of testinq the , insulatinq 
qualities of paper used in radio con· 
densers under extreme heat and cold 

Baekeland, was also the inventor of 
Velox photographic printing paper. If 
any industry can be considered a prod
uct of research, certainly the plastics 
industry can be. It began when a 
young man , experimented until he 
found a substitue for ivory, and re 
ceived its great impetus when Baeke
land invented, through research, his 
famous plastics. The industry is con
tinuing on the same basis-research
and is TIlaking the older plastics strong
er and cheaper; the , same state of 
mind is bringing out more and more 
new plastics for newer applications. 

The ancient and honorable field of 
textiles also yields to the organized 
search for knowledge and improve
ment. An example from ' this field 
serves again to illustrate the tenet that 
everything is grist for the research 
mills. A textile chemist has no real 
business worrying about the tarnishing 
of silverware, but the intellectual 
curiosity of such men will always ' pro
vide progress. Silver tarnishes because 
the sulfur gases in the air combine 
with the silver to form silver sulfate, 
the black film that sends good house-
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wives into dithers. One solution hit 
upon was that of impregnating a flan
nel bag with metal salts, but research 
soon proved that the sulfur that formed 
as a sulfate on the metal salt moved, 
in time, to the interior of the bag and 
caused an even greater formation of 
film. The final answer to the dilemma 
was to saturate the flannel with silver 
itself, and millions of the tiny pieces 
of metal are incorporated into each 
bag. The sulfur in the atmosphere 
combines with the metal in the bag 
and the result . is to protect the eating 
implements. Lightning strikes in strange 
places and a state of mind can lead 
along unorthodox paths. 

BASIC RESEARCH-There is an untold 
debt that civilization must acknowledge 
to so-called basic research. The de
velopment of nylon owes its success to 
the pure research done by Carothers 
in the field of polymerization. The syn
thetic nitrogen industry traces itself 
back to the experiments made by 
Dewar on the liquefaction of air, and 
the glowing neon signs that light up 
the city are direct descendents of Sir 
William Ramsay's experiments on the 
densities of nitrogen. 

Can anyone adequately sing a paean 
of. praise . to a force that has to its 
cre<iit the many chemical wonders that 
are seen on every side? In two wars 
research in the chemical field has 
fought to a standstill the shortages 
threatened by blockade. In World 
War I there were shortages of dye
stuffs, potash, drugs, anesthetics, and 
many other materials. In this war 
the shortages were rubber, tin, anti
malarials, and high-octane gasoline, 
and additional manufacturing capacities 
for ' aluminum and magnesium had to 
be provided. In each case the victory 
was won. Research proved it could 
be done and industry proceeded to 
fill the empty warehouses. 

The story of research is always dra
matic. In . the last war there was an 
acute shortage . of aniline. According 

. to the Germans, we could not hope 
to make this material because benzene 
from American coal wasn't the right 
.kind. This . palpable nonsense im
pressed our chemists not one bit, and 
by ·  1917 we were producing 37 million 
pounds of aniline per year. Research 
is, after all, only observation and 
deduction, and these qualities brought 
a happy solution to a serious problem. 

Research may be a key to the un
known, but it is a key that requires 
a great deal of turning. Results in 
research are not usually obtained by 
waving a wand or appointing a crew 
of chemists as research workers. Re
sults are usually obtained by the in
vestment of patient money over a 
long period of time. 

No story on research illustrates this 
better than the discovery of tetraethyl 
lead, by Thomas Midgley, Jr., who was 
one of America's most capable chem
ists and who recently died a tragic 
death. The discovery of tetraethyl lead, 
according to Midgley, is only one part 
of another major research problem 
$till continuing-the improvement of 
the automobile. Even after tetraethyl 
lead was discovered, there still re-

mained the problems of reducing pro
duction costs and proving beyond ques
tion that there was no health hazard in 
its use. 

In the words of Midgley, tetraethyl 
lead was a "tough uncompromising 
problem . . . possible only because 
courageous corporate executives had 
the foresight to invest large sums of 
money and continue backing an idea 
. . . when less astute minds might 
have dropped it . . .  With only slightly 
different circumstances the whole proj
ect of ethyl might have been written 
off at one time as a $3,000,000 flop." 

Such is research. Truly, it is a state 
of mind found only in men who will 
back to the hilt an investigation into 
the unknown, looking for an intan
gible something that will solve a prob
lem not yet defined, to give to man
kind benefits they do not expect. 

RESEARCH IN WONDERLAND-There is 
a delightful bit of nonsense in Lewis 
Carroll's "Through the Looking Glass" 
which may well represent all indus
trial research. Alice was in the garden 
of live flowers talking to the Red 
Queen. Suddenly they both were run
ning hand in hand. (From here on the 
Red Queen is Research and Alice is 
the Public or Industry or what have 
you) . The Queen went so fast that 
Alice could just about keep up. Still 
the Queen kept crying, "Faster! 
Faster!" The most curious part was 
that the trees and other things around 
them never changed places at all. 
However fast they went, they never 
seemed to pass anything. "I wonder 
if all the things move along with us? "  
thought poor puzzled Alice. And the 
Queen seemed to guess her thoughts, 
for she cried, "Faster! Don't try to 
talk!" 

Finally Alice managed to pant. "Are 
we nearly there?" "Nearly there!" 
the Queen repeated. ''Why we passed 
it ten minutes ago! Faster!" On they 
went, the Queen urging ''Faster Faster" 
-and at last when they did stop Alice 
discovered that they hadn't covered 
any territory at all-they were yet in 
the same place. Upon ) commenting 
upon this phenomena, Alice was SUr
.prised to hear the Queen say that it 

·}.�'as what · Olle could expect. 
. ,. · · "w ell," · said Alice, "in our country 
YO\I'd generally get to somewhere else 
-if you ran very fast for a long time, 
as we've been doing." 

"A slow sort of country," said the 
Queen. "Now here, you see, it takes 
all the running you can do to keep in 
the same place. If you want to get 
somewhere else, you must ruIl at least 
twice as fast as that!" 

SUBSTITUTE PLASMA 

Beplized Through Use 

Of lou Exchaugers 

I ON-EXCHANGE resins have a possible 
new war-time use, it may now be re
vealed. Newest application of these 
chemical materials promises to be the 

JANUARY 1945 SCIENTIFIC AMERICAN 

purification of pectin and gelatin for 
use in the preparation 6f substitute 
blood plasma. Substitutes for blood 
plasma are being developed because of 
shortages, and present indications are 
that pectin and gelatin will serve as 
temporary and partial replacements. 

The ion-exchange materials elimi
nate unwanted salts from supplies of 
the substitute blood. Salts which can 
be eliminated are calcium, sodium, ar
senic, and lead. It is possible, through 
the use of the ion exchangers, to elimi
nate completely the salts normally pres
ent in water, the finished product being 
similar to distilled water. The present 
application is a continuation of that 
technique. 

FAT SALVAGE 

Ras Averled a 

Soap Shorlage 

FATS and grease saved by the house
wife come back to her in the form 
of soap. The successful campaign to 
coUect these materials from the homes 
of America has paid a handsome divi
dend to the citizens by preventing a 
soap shortage. 

The war, which cut off the normal 
supply of coconut oil, presaged a diffi
cult time for the soap maker. He has 
been forced to use substitute oils and 
fats, and the changes have in many 
cases forced a revision of formula. Lard, 
a fat seldom used in the soap field, was 
one of the materials that offered itself, 
and 74 million pounds were used in 
1943. Resin entered into all soaps for a 
time, but shortages have cut into its 
use. 

The housewives, above all, helped 
considerably and the amounts of 
kitchen grease normally consumed by 
the soap industry have been increased 
54 percent. At the same time, materials 
obtained from the waste fats have done 
their job in munitions and medicinals 
production. 

GLASS TIMOBBIW 
Will Perform Mauy lew 
And Sirallge Dulies 

A POST-WAR age of glass, in which new 
and strange duties will be performed by 
that material, is predicted by Profes
sor Alexander Silverman, head of the 
Department of Chemistry of the Uni
versity of Pittsburg and one of the 
nation's leading authorities in glass 
technology. 

Glass will be used to reduce heating 
costs, to bring clearer movies, to help in 
the cooking of dinners by lamp radia
tion, and possibly to harness the sun's 
rays for heat and power, according to 
Professor Silverman. 

The glass industry, he said, now val
ued at $500,000,000 in the United States 
alone, has made more progress in 
manufacture and technology in the last 
50 years than in the thousands of years 
before. The war, Professor Silverman 
adds, has hastened many developments, 
most of them yet secret, that will bring 
transformations in the everyday mode 
of living. 
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II OTHEB FIELDS Conducted by The Staff 

Research In · Melal Beating 

Cheaper and Tougher Melal Paris lor Many Uses are Expecled 10 Follow 

as a Resull of Research al a lew Laboralory for Ihe Developmenl of Wider 

Applicalions of High.Frequency Induclion Healing 10 Ihe Tasks 01 Melal 

Hardening, Brazing, and Annealing 

WIDER fields for induction heat-treat
ment of metals are expected to be 

opened as the result of the recent 
completion of a new high-frequency 
experimental laboratory by the Tocco 
Division of The Ohio Crankshaft Com
pany. Its facilities enable full-scale ex- . 
perimental work on applications for 
the hardening, brazing, annealing, or 
heating for forming of both ferrous and 
nonferrous parts of varied size. 

Power supplies available in the lab
oratory include 333 kilowatts of 1000 
cycle current, 1000 kilowatts of 2000 cy
cle current, 300 kilowatts of 3000 cycle 
current, and 335 kilowatts of 9600 cy
cle current. Power is controlled by a 
four-way standard-type panel board 
governing each of four generators that 
produce the high-frequency current. 

Experimental induction machines are 
of varied styles and capacities, the 
most distinctive being an eight-station, 
panel-type unit of 9600 cycles, 25 feet 
long and six feet high, having automatic 
con�ols. Each station is equipped with 

a different turn-ratio transformer for 
maximum experimental usefulness. 
Here various tests can be run simul
taneously without interference or de
lay. Physical dimensions of the work 
area of this large unit coincide with 
standard Tocco machines, facilitating 
development and testing of new fix
tures and inductors. 

The progressive hardening of bars 
and tubing is carried out on two ma
chines, one hydraulic and the other 
mechanically controlled. In the me
chanical style the piece remains sta
tionary while the inductor moves up 
along the bar to be treated. These two 
units, which really are fixtures operat
ing on 9600 cycles received direct from 
the generator, have facilities for obtain
ing maximum range of speed and power 
depending upon requirements of parts 
under test. 

Experiments on big parts, crank
shafts, steam-hammer rods, generator 
shafts, and the like, are made on what 
is termed a "tunnel line" because of 

Elght .. tatlOll test panel used for experimental Inductors and special h!lat.treat
ment app1tcatlon .. A ... arlety of teltl can be run without Interference between them 

HardeDinq a 26·lnch qear in the 
Ipecial experimental unit. The Induc· 
tlon heaters can be chanqed to ac· 
commodate different sizes of qears 

its long sheet-metal hood. This is a 
four-station unit, 20 feet in length, 
ruggedly constructed, and equipped 
with a moving cradle set on a track 
to hold test parts positioned in the 
water-cooled inductors. Each station is 
equipped with automatic and manual 
control devices. Power frequencies of 
one, two, three, and 10,000 cycles give 
the tunnel line the ultimate in induction 
flexibility. 

Another special test unit is that for 
gear hardening. It 'is a five-foot-square 
box-like fixture, five feet high, with 
full automatic control devices, and with 
a circular inductor which can be 
changed to accommodate a new size. 
A quenching mechanism is set in the 
center, providing water or oil quench
ing. 

• 

POST-WAR DIIIIG CARS 

Will Fealare Diagonal 

Arrangemenl 01 Tahles 

PLANS for a post-war railway dining 
car embodying diagonal seating and 
possessing the "atmosphere and ap
pointments of a fashionable club" have 
been prepared by the Pullman-Stand
ard Car Manufacturing Company. 

The outstanding feature of the car is 
its floor plan which is arranged to 
accelerate service, to eliminate inter-
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ruptions caused by arrivals and depar
tures at the tables, and to enable 
waiters to step to the side when serv
ing so that aisles are free at all times. 
Other innovations include vibrationless 
tables, spot-ray illumination, linen 
storage at each table, and intercar tele
phone communication. 

Tables, which have a total capacity 
for 42 persons, are placed diagonally 
and seats are set at a 45-degree angle 
to the side of the car instead of at 
right angles as in ordinary diners. 

"One of the greatest benefits accru
ing to the traveler from the angular 
seating arrangement," according to 
Ellis W. Test, Assistant to the Presi
dent in charge of Engineering and Re
search, "will be unobstructed move
ment. Each person will slip into his 
seat or leave the table without disturb
ing his neighbor. Everyone will have 
a side of the table to himself and enjoy 
a normal conversational position instead 
of knocking elbows as at ordinary diner 
tables. 

"At the same time, each , one will 
view the passing scene without even 
turning his head. The diagonal ar
rangement will permit waiters to step 
between the tables when serving, and 
they will serve from the side instead 
of reaching over the person occupying 
the aisle seat as is necessary in the 
old diners." 

CRYSTALIZED LIGBT 
Briags Closer aa 

Uaderslaadiag of Electricily 

By TRANSFORMING electricity directly to 
light, a phenomenon common to fluores
cent tubes and vapor lamps, ''we have 
freed electricity in an uncrystalized 
form," a Westinghouse lighting author
ity recently told The Franklin Institute. 

"Fluorescent tubes, mercury vapor 
lamps, and the various other new elec
tric lamps which produce light without 
the intermediate step of heat, as repre
sented by a hot incandescent wire, 
simply develop uncrystalized electricity 
so that it goes out as radiant energy," 
said Samuel G. Hibben, director of 
applied lighting for the Westinghouse 
Lamp Division. 

The lighting specialist expressed the 
belief that these neW "quasi-electronic 
methods of illumination, which produce 
light by sending an electrical discharge 
through vapors, should bring us closer 
to understanding what electricity is." 
Light is uncrystalized electricity or, 
stated another way, electricity is crys
talized light, Mr. Hibben said. 

SALT BATB ruDACES 

Anaeal Brass oa 

Prodactioa-Line Basis 

A FULL anneal of brass cartridge cases 
on a continuous production heat treat
ing basis is being accomplished with 
what are said to be the longest con
tinuous conveyor-type salt-bath fur
naces in operation in America, and 
with an unequalled absence of oxida

-tion. 
In addition to the expected reduction 

in costs of operation, plus the increase 

in speed, the feature of the operation 
which employs Upton Electric Salt
Bath Furnaces is that the anneal on the 
brass is not only a full one but it is 
absolutely bright as well. 

While this has been attempted on 
other occasions, it has never before 
been accomplished to the extent that 
the cases come out of the heat treat
ment clean and bright and without the 
slightest trace of oxidation, so that 
pickling or other cleaning is not re
quired following the anneal. 

Two · furnaces are employed, each 
capable of annealing 6000 pounds of 
brass every hour. One gives the cases 
a full anneal at 980 degrees, Fahrenheit, 
before the nosing operation. The second 
furnace full anneals the cases at the 
same temperature after the nosing 
operation. 

Each of the two furnaces replaces 
ten individual non-continuous-duty 
furnaces previously used and with such 
savings that the management of the 
Detroit concern where they were in
stalled is reported to have stated that 
"the furnaces paid for themselves in the 
first three weeks of operation." 

The annealing operation is not only 
continuous but entirely automatic, with 
the exception of the occasional shovel 
full of salt required to replenish the 
salt lost through normal operation and 
from the nominal drag-out. The tem-

bath from the transformers located 
outside the furnace, are so positioned 
that the transfer of current through the 
salt generates the heat at the bottom 
of the pot rather than anywhere above 
that point. The result is that a normal 
flow of heated salt circulates upward, 
thereby heating the entire content of 
the bath evenly and uniformly. 

BOME WORKSBOPS 

Will Probably Iacrease in 

lamber Afler Ihe War 

, HoME workshops, either for hobby or 
business, will have a place in more 
than 60 percent of all homes after the 
war, reports the Delta Manufacturing 
Company, designers of power tools, as 
a result of a survey just completed. 

An interesting fact brought out by 
the survey is that the majority of 
men and women in the armed services 
are planning now the homes they in
tend building after the war. They are 
reading any and all literature dealing 
with home building and are intensely 
interested in new developments cal
culated to make homes more liveable 
and easier to maintain. 

The excellent mechanical training 
the Army and Navy has given to its 
personnel reflects itself in a desire on 
the part of these men and women to 

Elec:trode. In thll lalt bath furnace enter the lidel Instead of the top 

perature of the bath is held within ±5 
degrees, Fahrenheit, by automatic elec
tric temperature control. 

The first furnace to be installed was 
equipped with removable covers with 
the idea that sufficient heat would be 
radiated from the salt to make them 
advisable. Salt is added through a small 
door in the covers at the" turn-around 
end of the furnace. 

The second furnace installed is not 
equipped with covers since, through 
experience, it has been found that the 
amount of heat lost is so small as to be 
not worth even the small additional ex
pense. 

Uniform temperature throughout the 
entire bath is made possible largely 
through the placement of electrodes 
which enter the sides of the furnace in
stead of being thrust in from above 
the surface of the salt. These electrodes, 
which conduct the current into the 

continue using their newly acquired 
skills when they return to civilian life, 
both to create objects of beauty fOI 
the home and to keep down the cos1 
of home maintenance. 

Civilians are equally anxious for in
formation to aid them in future homE 
building. It was noted that men, and 
especially women working in waI 
plants, have been agreeably surprised tc 
find that they have first class mechani
cal ability as shown by the many diver
sified products they have created. Thes� 
persons indicate a wish to apply thi 
aptitude for their personal use a 
home in the fabrication of many ar· 
ticles of wood, plastics, and metal. 

It has been the exper�ence of homt 
owners that, for a fraction of norma 
market cost, they have been able t( 
build excellent storm windows, book. 
cases, kitchen cabinets, and even com· 
plete sets of furniture for the entirE 
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house. With the ,high cost of labor and 
the acute shortage that is expected 
to exist for some time after the war 
in many of these products, home 
owners state that they intend to con
struct many of these articles them
selves. They have found that, with a 
small number of inexpensive power 
tools such as a table saw, drill press, 
lathe, and sander, repairs and additions 
to the house can be completed eco
nomically in a professional manner in 
a fraction of the time it would take to 
do the j ob with hand tools. 

COMPIER'EBSIYE EDVCATIOB 

Meeded by Embryo . 

ladaslrial Sciealisls 

IN addition to the scientific course 
which they are given, it is important 
that students preparing for a career in 
science should be taught to express 
themselves, says Dr. Saul Dushman, as
sistant director of the General Electric 
Research Laboratory in the American 
Journal of Physics. 

Writing on the subject of "Post-War 
Training of Physicists for Industry," Dr. 
Dushman says it is often forgotten in 
connection with the training of physi
cists, and of s'cientists in general, that 
"progress in science as well as other 
branches of human endeavor depends 
ultimately upon the ability to com
municate ideas to others by means of 
language. Whether it be the exposition 
of an ·  idea by word of mouth, o r  the 
,description of experimental observations 
in a paper for publication, clarity of ex
iJression and logical presentation of data 
and conclusions ' l;lre prime requisites. 
It is not required of the scientist that 
he be either ail 'orator -or a clever 
wielder of $64 words, Qnly that he ex
press himself c1early in everyday lan
guage and use this language correctly." 

The , role of the physicist in war-time 
developments has shown that he can be 
very practical, Dr. Dushman declares. 

"Industry has learned through the ex
perience of the past fe:w years," he 
writes, "the fact that physicists are cap
able of contributing to, and initiating, 
fairly complex engineering develop-

ments. The design and operation of a 
cyclotron requires a technical skill such 
as compares very well with that 
required to design and operate high
voltage generating equipment. The 
physicist has indeed demonstrated by 
his activities in the war effort that he is 
not the theoretical recluse intent oIily 
upon some abstract objective ; that, in 
fact, he can become under proper con
ditions just as practical and just as 
hardboiled as any industrial engineer. 
In view of these considerations, it would 
seem reasonable to suppose that in the 
post-war world there will be a much 
greater demand for physicists in indus
try than in the past." 

Such industrial physicists must know 
other subjects besides their basic physics 
and mathematics. "The physicist in in
dustry," Dr. Dushman continues, "must 
be versatile and adaptable. In view of 
the increasing complexity of materials 
and operations used in industry the 
physicist should also know considerably 
more chemistry than has been the case 
in the past. Indeed, I would like to 
suggest �at the proper course of train
ing for an industrial physicist should 
be one that would comprise almost as 
much chemistry as physics." 

COIfTIIVOVS MOLDIIG 

Acbieved ia lIachiae Ihal 

Raadles Plastics or labbers 

A CONTINUOUS injection molding and 
extruding machine, the only known de
vice of its kind in the world capable 
of producing an unbroken seamless 
tube of any kind of plastics or rubber 
and of any length, has been developed 
by engineers and technicians of Chrys
ler Corporation. One of the machines 
-in use by a licensee in another state 
-is producing seamless plastics tubes to 
launch rockets, and another one is 

·ready to mass-produce rubber insula
tors. An experimental machine in the 
corporation's Engineering Division has 
produced hundreds of plastics and rub
ber parts and articles. 

The new machine, which employs a 
worm screw similar to those found in 
coal furnace stokers, has undergone 

One of the new conllnuous moldlnq machines produdnq link bushlnqs for shock 
absorbers. The Inventor. Walter P. Cousino. left. is removing links from the die 

extensive tests and has shown that it 
can step up the manufacture of many 
thermo-plastics and thermo-setting 
plastics, and real and synthetic rubber 
articles, at least ten fold. Because of 
the quadruple field the single machine 
is capable ' of covering, the range of 
plastics and rubber parts and articles, 
in much larger sizes than realized 
under previous manufacturing methods, 
is apparently very great. 

The machine has produced as large 
an item as a plastics battery case in 
less than five minutes, using 128 ounces 
(eight pounds) of thermo-setting plas
tics. No other machine is known to be 
capable of injection molding an article 
of this material weighing more than 
36 ounces. It has produced at one mold
ing in less than three minutes as many 
as 144 rubber insulators. It is also 
capable of producing precision rubber 
parts for many war products. 

In the tubing field the machine has 
enormous possibilities. Thermo-setting 
plastics tubes, made in any lengths de
sired, can be used for overhead and 
underground pipelines. The thermo
setting plastics is highly resistant to 
corrosion, and in some' cases can re
place steel and , iron pipes with lesser 
resistant qualities. Where ' long lengths 
of iron, steel, or concrete are necessary 
for rigidity, thermo-setting liners pro
duced by the machine would provide 
resistance to corrosion. 

Under the conventional compression 
molding method, plastics or rubbers 
are placed in a die by hand, and 
pressed into shape by clamping another 
die to it. To insure adequate material 

Some of the many articles that can 
be produced by continuous moldlnq 

in the finished product, more than 
enough is inserted in the die cavities. 
Under pressure the , excess material 
forces itself out through cracks where 
the die faces join, causing flash, or 
waste material. 

With the continuous injection ma
chine only the quantities of plastics or 
rubbers needed are injected into dies 
already clamped together, eliminating 
flash and saving time and materials 
and cutting costs of production. The 
ordinary "one shot" injection machine, 
which was an advancement over the 
compression type, eliminates flash 
waste, but is limited in the size of parts 
it can produce. With the new Chrysler-
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developed machine, producers are able 
to inject plastics or rubbers in a con
tinuous stream as long as there is mold 
area to be filled. Different dies for dif
ferent sizes of products can be used 
with the ' same continuous injection 
head. . 

The continu:ous injector consists of 
a simple hopper holding plastics or 
rubber. The material is fed to a heat
ing cylinder where a special churning 
apparatus keeps it evenly mixed. The 
putty-like substance is then shot under 
screw pressuFe& up to 22,000 pounds 
per .. square inch through . a nozzle 
clampe,d to an opening where . the die 
plates join. When the material has 
filled every tiny crevice , in the mold, 
or series of molds, the back-pressure 
automatically . shuts off the feeder. 

, when the 
" inachine automatically 

shuts off the flow of plastics or rubbers 
the worm screw reverses 'itse.lf" ,keep
ing the .material remaining in.· �);le h.eat
ing and feeding chambers pliable and 
ready for the next injection. 

Because of the uniform feed, ' and 
even mixture of materials, the curing 
time required by the new machine, 
compared to similar materials and 
other types of . machines, has been cut 
by approximately 93 percent, besides 
the complete elimination of waste. 
Where multiple molds ' are used the 
tiny canals through ' which the putty,. 
like materials pass from one cavity 
to another produce excess webbing 
which is easily trimmed away without 
impairing the finished products. 

BEAT EXCBARGEBS 

Besisl Chemical Actioa aad 

Temperature Chaages 

M AIlE of "Karbate" chemically inert 
graphite materials, a new type of heat 
exchanger has been perfected for use in 
chemical and process industries by Na
tional Carbon Company, Inc. Designed 
specifically for chemical applications, 
the corrosion resistant "Karbate" heat 
exchangers possess high heat transfer 
values and are resistant to practically 
all acids, alkalis, and solvents. They are 
unaffected by acute thermal shock and 
may be used freely in intermittent op
erations, or in alternately hot and cold 
chemical baths. 

Of plate type, the heat exchangers 
employ the principle of extended, or 
corrugated, surface to attain maximum 
heat transfer area within small overall 
size. The compactness of the exchangers 
increases their inherent mechanical 
strength. At the same time, it reduces 
the tank space required for the heaters, 
further minimizing the hazard of me
chanical shock during process opera
tions. The exchanger is a four-inch 
thick plate with a number of internal 
1 ¥2-inch diameter communicating chan
nels for steam or cooling medium. 

Production of the heat exchanger 
units is standardized in four design 
groups, incorporating both parallel and 
series flow channels, thus making pos
sible different combinations to meet the 
widest range of heating and cooling re

'quirements. The heaters may be in
stalled in sections, depending upon tank 
capacity or solution temperatures re-

quired, and are suitable for nearly all 
tank sizes or shapes. 

A number of the heat exchangers 
have been in use in various processes 
for a year or more and afford sufficient 
service data for comparative purposes. 
Such heaters, 4 by 10 by 48 inches in 
size, operating on 25 pounds of steam 
and maintaining tank temperatures of 

Sectioned 'view of new I;teat exchanqer 

180 to 190 degrees, Fahretllieit, have 
been in service in tanks containing ap
proximately 10 percent nitric acid and 3 
percent hydrofluoric acid. There has 
been nO .Nisible sign of deterioration in 
these units in the year or more of their 
operation. In the same' application, no 
metal heat exchanger has been found 
that would stand up for more than a 
few days. 

In other types of corrosive chemical 
operations, the "Karbate" corrugated 
plate heaters have greatly increased 
heating efficiency and reduced process 
costs through longer service and through 
eliminating maintenance costs. 

TELEVISIOK PBOJECTIOK 

Uses Special Leas 

Aad Mirror Syslem 

REFLECTIVE optical systems for televi
sion receivers employing · special types 
of mirrors and lenses, according to a 
paper by loury G. Maloff and David W. 
Epstein of the Radio Corporation of 
America, are now being used to pick 
up images from the face of the cathode
ray receiving tube and project them on 
a screen suited in size to the require
ments of the room ot auditorium in 
which the images are to be viewed. 

RCA systems for projection of tele
vision images, the authors of the paper 
stated, consist of a spherical front sur
face mirror and an aspherical lens. The 
non-technical reader may visualize the 
mirror as a shallow bowl, while the 
aspherical lens is flat on one side, with 
the opposite surface rising slightly at 
the center and at the edges, but de
pressed in the intermediate area. The 
surface contour of the lens renders it 
optically positive in the center with a 
gradual change to negative in the 
outer portions. 

The gain in illumination on the view
ing screen obtained with these new 
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systems is about six or seven to one 
when compared with a conventional 
f/2 lens, . it was revealed, and the 
quality of the images obtained is com
parable with images produced by con
ventional projection lenses. 

Because of more nearly perfect dif
fusion of the . light emitted by the 
fluorescent face of a cathode-ray tube, 
as compared to light from an intense 
source such as is used in motion-pic
ture projection, the paper pointed out, 
the efficiency of the conventional mo
tion-picture projection lens is extreme
ly low when such a lens is used to 
project a cathode-ray tube image on 
a viewing screen. Any increase in the 
brightness of the image on the face 
of the tube could be obtained only at 
great cost. Attention was centered, 
therefore, on the problem of providing 
a manifold increase in the percentage 
of light that could be delivered to the 
screen. 

"It has been known for a long time," 
the paper continued, "that aspherical 
surfaces in combination with spherical 
or aspherical mirrors may be arranged 
into optical systems of high aperture 
and high definition. Astronomers have 
made use of this principle, but high 
costs and difficulties in constructing 
such systems have prevented their gen
eral use. 

"Since the principle had been devel
oped only for the infinite throw used 
in astronomy, much painstaking study 
and work was required to adapt it to 
short-throw projection. . 

"Aside from this necessary adaptation 
of the principle, a major problem was 
the high cost of the aspherical correct
ing lens. Astronomers produced them 
only by tedious, step-by-step methods. 
The apparent solution was that of 
molding the lenses from a suitable 
transparent material. 

"After such a material was found, 
there remained the problem of making 
molding surfaces of metal in shapes of 
the negative replicas of aspherical 
lenses and obtaining optical finishes on 

Removinq from Its mold ODe 01 the 
plastic lenses used for proJectlDq 
briqhter. larqer television imaqes 
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he' metal surfaC€s, but this was ac
omplished." 

In one type of receiving unit de
cril;!ed in the paper, the projection 
ystem is mounted near the floor of the 
abinet, with its axis vertical, projecting 
he image straight up and on a flat 
[lirror inclined at 45 degrees to the in
oming beam of light. The mirror 
hrows the image ' on a translucent 
creen which is built into the cabinet. 
:uch an arrangement presents the ad
'antages of compactness and a cabinet 
f relatively small depth which can be 
tyled along the familiar lines of a 
adio console. 

Because of their great light-gathering 
ower, the paper stated, other types of 
eflective optical systems, built for in
nite rather than finite throw, find very 
seful application in television pick-up 
ameras under conditions of low illu
lination, such as during the last min
.tes of a football game or in direct 
ick-up from a theater stage. 

,UBBEB TAlKS 

leveloped lor Fael 

'raDsporlalioD 

� ORTABLE synthetic rubber tanks are 
LOW being extensively used in combat 
reas for both transportation and stor
ge of gasoline, oil, and aromatic fuels, 
o insure an adequate supply of these 
'ital materials at all times. 

Developed by United States Rubber 
:ompany, these huge collapsible tanks 
an be set up or t.fiken down very 
,uickly. Advantages of the synthetic 
ubber fuel tanks for overseas use are 
ilat they are collapsible and can be 
hipped in small space. They are light 
:l weight, easily camouflaged in the 
.eld, and can be quickly set up or 
nocked down for transportation to a 
.ew location by a very small crew. Be
)re their use, steel tanks were needed 
)r storing or transporting gasoline. 

Tanks for transporting fuel are made 
rith 750 gallon capacity, carried on a 
tandard 2%-ton truck, and with 2700 
allon capacity, three of which are 
arried on one railroad flat car. 

Storage tanks, used for advance com
at or rese�e supply back of the lines, 
rill hold either 1000 gallons or 3000 
allons of gasoline. 
The collapsible fuel tanks are made of 

lildew-proofed fabric coated with syn
letic rubber. Tanks can be repaired 
1 the field as easily and speedily as can 

tire's inner tube. 

tFHA-HED LAMPS 

ID be Applied 10 
laDY and Varied Uses 

I EW post-war heat sourC€s, speeding 
eace-time drying jobs in the home and 
Idustry and providing a flexible sup
lement to regular space heating equip
lent, will be developed from illfra-red 
unps, according to James D. Hall, 
restinghouse Lamp Division engineer. 
"Lamps operating on the same prin

.ple as those which now are swiftly 
ooking' paint on tanks, j eeps, helmet 
ners, and other war material," Mr. Hall 
lyS "can be used to dry everything in 

2 

the home from fingernail polish to 
freshly bathed Fido. Heat lamps also 
will be popular for chasing the chill out 
of the house during late spring and 
early autumn." 

As comfort heaters, Mr. Hall forecasts, 
radiant heat lamps screwed into regular 
lighting circuits and clamped on the 
reading-lamp fixture will be beamed to 
keep the reader's neck and shoulders 
comfortable. Similar lamps, spotted 
around the house, could protect tender 
plants from the cold, speed up the dry
ing of hair and ��undry indoors, and 

Dryinq lime for Micarta helmet liners 
is radically reduced by passlnq 
them under a bank of infra·red lamps 

perform other household drying and 
spot-warming chores. 

Up to now, heat lamps have been ap
plied mostly to industry for war-time 
drying j obs. A vast indicated expansion 
in industrial uses, particularly in auto
mobile plants, textile mills, and food 
dehydration plants, offers what the 
specialist described as the ''brightest 
prospects" immediately after the war. 

Banks of infra-red lamps will be on 
every post-war automobile assembly 
line, the engineer forecasts. From five 
to six minutes will be required to 
whisk a thoroughly dried automobile 
off the paint rack, instead of the 50 
minutes required by the customary 
drying process in pre-war days. In 
woolen mills, lamps heat the doth to 
high temperatures so that unwanted 
particles of. wood, burrs, and other 
foreign material in the finished product 
are reduC€d to carbon which can be 
easily shaken free. In food dehydration, 
infra-red reflector lamps can dry food 
in five to 30 minutes, as compared with 
15 to 30 hours previously required. 

Listing some peace-time industrial in
fra-red applications which already are 
in operation, Mr. Hall says the man
made radiant heat is quickly and ef
ficiently drying foundry molds in place 
of drying by kerosene torch; fusing 
label paint onto glass bottles; baking 
insulating varnish on electrical equip
ment and paint on electrical trans
former tank covers ; drying glue on 
paper envelopes; processing burlap used 
for sandbags, and drying sample 
swatches of cloth pasted on cardboard. 

Typical of the war production contri-

Infra-red lamps. placed under desk. 
keep the office worker comfortable 

bution of radiant heat lamps is their 
record in drying the paint on tanks, Mr. 
Hall says. Radiant heat lamp rays, 
beamed from the sides of a drying tun
nel in one of the nation's giant tank 
arsenals, complete the drying of paint 
on tanks in four minutes instead of the 
24 hours required previously. In the 
manufacture of plastic helmet liners 
for the Army, infra-red lamps have 
speeded the drying process from an 
estimated 15 minutes by the oven-dry
ing method to a new low of 95 seconds. 
The oven process required a tunnel
shaped unit 225 feet long; the infra-red 
dryer is 19 feet long. 

Still another peace-time possibility for 
the lamp is the assistance they will give 
the motorist in winter. One bus com
pany, the lamp specialist relates, ''no 
longer has trouble starting its vehicles 
on cold mornings. Infra-red lamps 
turned on under the hood of a bus an 
hour or so before the driver reports for 
work, bring the engine to spring-like 
temperatures." 

TBEE OF LIFE 

Yi.lds Indaslrial 

Malerials iD BrazD 

BRAZIL has a tree which produces the 
most important vegetable wax in the 
world, flourishes in drought when other 
vegetation withers, yields food, fruit, 
medicine, and materials for building 
paper manufacture and other useful 
arts, according to Chemical and Engi
neering News. 

The tree is the carnauba wax palm, 
known as the "Tree of Life." It has 
defied not only the greatest scientists 
to produce it synthetically, but also 
other nations to grow it successfully. 

"When everything else shrivels and 
seems to die, the carnauba palm reaches 
its greatest productivity in wax," re
ports Dr. Nelson S. Knaggs of the 
Hilton-Davis Chemical Company of 
Cincinnati. 

"Cattle can live on the shoots of the 
young carnauba palms which emerge 
from the baked earth. The tender 
hearts of the palm become a green 
vegetable or salad. The tree bears long 
clusters of edible fruit not unlike a 
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S E N S AT I O N A L  W A R B A R G A I N S 
LENSES a PRISMS • 

m 
All I tems Finely Ground and Polished but Edges Sl ightly Chipped or Other Sl ight I m perfections 

which We Guo ra n tee Will  Not I n terfere with the i r  Use. All  Lenses neatly packed and ma rked for 

Diameter a n d  Focal  Length.  

OUB POLICY 
1 .  W e  are cooperating t o  move surplusu while the war i s  on. 
2 .  Our customers receive full benefits of all savings effected through ouc 

purchases of war supplies. We do not hold merchandise for high present 
or future prices. 

OD WAR SUBPLUS 3 • We are making a,  special e1fort to bring our items to the attention of .11 
School., Colleges, Amateurs. 

ATTENTION H I G H  SC HOOLS A N D  COLLEG ES ! 
Scrap Optical Glass for educational purpoae. to mow various stage. of manufacturing from blank to finished Len. and Prism. 

Stock ' #6001·S . . .  for school • . . .  5 lb •. of assorted Binocular 
Len.ses and Prisms in various stages of completion - $5.00 .Postpaid. 

Stock #6002·S . . •  Educational Set for Individuals . . .  consisting 
of 1 Porro Binocular Prism Blank and 1 finished Porro Prism -
Price 25; Postpaid. 

REDU C I N G  LENS SET # I OO4-S . . . . . . . . .  ' .  $ 1 .20 Postpaid 
Contains a 2 Y2 " diameter and 1 %" diameter reducing lens of 
different powers. 

LENS SET 1 20-5 "The Experimenter's Dream" 60 lenses 
with 70-page illustrated booklet " F U N  WITH C H I P P E D  
E D G E  LENSES" - $ 1 0.00 Postpaid. 

The variety of lenses in this set will enable you to conduct counties! 
experiments and build many optical gadgets. 

50- PAGE I LLUSTRATED I DEA BOOKLET . . . .  $ 1 .00 Postpa id 
Describes wide variety of uses for our lenses and contains much 
informatioD especially designed for beginners in optics. 

P�RRO A B B E  P R I SMS # 3006-S . . . .  25¢ each Postpaid  
Slze 9 mm.  by l' mm . • . •  another war bargain. Normal prices 
would be 10 to 20 times above quotation. 

I N V I T A T I O N !  
TO SCHOOLS A N D  COLLEGES 

Get on our school mailing list. Keep regularly 
posted about our Optical Bargains. Send name, 
address to our Educational Dept. 

TANK PRI SM S -
In order that the tank driver shall not get shot in the face, two 
of these Silvered Prisms are used to make a periscope (without 
magnification ) • We have secured a number of these that are 
very slightly chipped, making possible their sale at a very low 
price. They are 90-45-45 degree prisms of huge size - 5 % "  
long, 2 Ys "  wide, finely ground and polished. 

You can use these Prisms to make Periscopes to see over the 
heads of crowds, fish under water, high or low gaugeJ, inspec. 
tion of machinery witbout climbing, for examination of bot 
metals without danger to eye or camera, etc. Also excellent for 
experimentl, c1a .... room demonstrations at high schools, col� 
leges, camera dubs, astronomy dubs. Some of our ingenious 
customers have used these Prisms to make camera stereo 
attachinent, photometer cube, range finder, etc. And here's an 
excellent, unique gift idea. For 5; we supply 100 gold letters 
with which. you can tum one of these Silvered Prisms into a 
desk name plate in 5 minutes of easy work. 

Normally, these Prisms would retail from about $24 to $30 
each. 

Stock #3004-S • • •  SILVERED TANK PRISM - Price $2.00 
each Postpaid. Free Booklet on Prisms incl. 

Stock #3005.$ . • •  PLAIN TANK PRISM - Price $2.00 each 
Postpaid. This one is excellent for projecting all the colors of 
the spectrum - a beautiful sight. Free Booklet on Prisms indo 
FOUR TANK P·RISMS - Special $7.00 Postpaid . • •  This 
is the most sensational bargain we have ever been able to offer. 

WAR BARGA I N S  I N  LENSES USED I N  NAVY'S 

7 POWER B I NOCU LARS 

KELLNER EYE·PIECE LENSES with F.L of 27.5 mms. Comes 
uncemented with free cement and easy directions. Edged Field 
Lens has diameter of 26 mms. and edged Eye Achromat a 
diameter of 17 mms. Unedged Lenses about 2 mms. larger than 
edged ones. These are excellent for aU sorts of telescopes. 

Stock #6060·5 - Uncemented and Unedged - 75; Postpaid 
Stock #6061.5 - Uncemented but Edged - $ 1 .25 Postpaid 
ACHROMATIC OBJECTIVE LENSES with F.L. of 193 
mms.  Have wider diameter than those used Army's 7 power 
binocular. Excellent for telescopes. Diameter of edged lenses 
are about 52 mms. Unedged about 53 to 56 mms. 

Stock #6063·5 - Unedged and Uncemented - Price 75; 
Stock #6064-S - Edged and Uncemented - Price $ 1 .75 
COMPLETE SET OF LENSES AS ABOVE AND THE 
PRISMS TO MAKE A MONOCULAR ( TELESCOPE ) 
Stock #5 100·S . . .  Monocular Set . . . $5 .00 Postpaid 

LOW POWER MICROSCOPE LENS SET - ( May also be 
used to make Telescope Eye-Piece) Perfect Lenses, one with 
diame.ter of 9 mms.,. F.L. of 20 mml., and on.e with diameter 
of 14 mms. and F;L. of 39 nuns. 

Stock #1 003·S - Price 70; - includes free copy of our 
Microscope Booklet. 

M I N IMUM ORDER $1 .00 • SATIS FACTI O N  GUARANTEED 

�EDIVIOND SALVAGE COIVIPANY-", 
27 W. CLINTON AVEN UE DEPT� .7, P.  O.  AUD·UBON, N .. J. 
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date. The seed is crushed and a cooking 
oil is extracted. The shell around the 
nut is roasted and a coffee-like bever
age is brewed. 

"The pith of the tree contains a high 
starch content, and a food similar to 
fafina is made. The roots yield an ex
tract and medicine for illness. The 
wood is burned and the ashes yield an 
alkali for home soap making. The wood 
of the tree is extremely hard and is 
impervious to insects and sea water. 
It is used in building the frames of 
native homes. The fronds of the palm 
are used to -thatch their houses. 

"Most of the natives in the carnauba 
sections sleep in hammocks, and it 
is said that 80 percent of the people 
sleep in hammocks woven . from cai'
nauba frond fibers. Their homes are 
swept with brooms made from the 
fanlike fronds and candles made from 
the wax furnish light at night. Tons of 
fronds which have been discarded 
after the wax has been removed may 
play an important part in the new 
Brazil, for a high-grade paper has been 
made from it." 

ASSEMBLY-LIRE FREEZER 

Rapidly Shria'ks Paris aad 

Dispeases Them as Heeded 

A COMBINATION refrigerating machine 
and dispenser use d .  in the aircraft 
building at the Ford . Motor Company 
has cut in half the time necessary for 
a single assembly operation which de
pends on shrinking of parts by the 
liquid oxygen method. 

Tappet guide inserts, 36 of which are 
used on each of the 2000-horsepower . 
Pratt and Whitney engines manufac
tured, are shrunk by reducing their 
temperatures to 300 degrees below 
zero. ' The new type freezer and dis
penser makes this possible on an as
sembly-line basis. 

Outwardly the dispenser resembles 
a soft drink vending machine. There 
are eight openings to accommodate 
various size guides. To obtain a shrunk 
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A tappet quide insert at room lem· 
perbture is pushed into the lreezinq 
dispenser. Cold·shrunk inserts are 
delivered. as needed. at the bottom 

part, the operator inserts one from 
stock and presses a button. A chilled 
part drops' into a rubber receptacle 
at hand level. If desired, a shrunken 
part may be obtained .without insert
ing a warm one. 

The parts never �ome in direct con
tact with the liquid oxygen. They are 
chilled by their slow passage through 
tubes suspended in a tank of liquid 
oxygen. 

At normal temperatures the valve 
tappet guides are from two to three 
thousandths of an inch over-size. After 
emerging from the refrigerator they 
drop into prepared holes with ample 
clearance and expand as they warm. 
The resultant fit is nearly as firm as a 
weld. 

The advantage of shrinking a part to 
size lies in the fact that no nietal ' is 
removed or burnished by forcing it into 
position. Normal machining leaves tool 
marks around a part in a position 
radial to the center. When these micro
scopic grooves expand, from the cen
ter out, they fill in the high spots and 
valleys of a prepared hole and create 
a much better seal. 

Before the dispenser was developed, 
tappet guides were placed in a con
tainer which was immersed in liquid 
oxygen. The machine was built to Ford 
specifications by the Linde Air Prod
ucts Company. 

SEALIHG ZIPPER 

Makes Waler- aDd Air

Proof Closare 

DEVELOPMENT of a unique rubber con
struction applied to metal slide fast
eners which makes them completely 
water-proof and prevents escape of air 
or gasses was recently announced by 
The B. F. Goodrich Company. 

The Pressure Sealing Zipper is con
structed with over-lapping

' 
rubber lips 

which have such initial pressures built 
into them that they assure a perfect 
seal against any pressure which the 
structural strength of the slide fast
ener will withstand. 

The lips are placed on either side 
of the article to be sealed, depending 
on where the pressure is exerted. Used 
on the outside they make the article 
water-proof and prevent the entrance 
of air or gasses. Used on the inside 
they prevent the escape of air, gasses, 
or liquids held in the vessel. 

Three such Zipper styles are being 
manufactured, two being of the non
separating type, the first sealing along 
its entire length but open at the top, 
the second sealing along its entire 
length and at both ends. In the first, 
which is used in such ' applications as 
exposure suits, the slider is operated 
from either side; in the second, origi
.nally developed as a closure for pres
sure vessels, it is operated from the 
side opposite the sealing lips. 

The third construction is of the 
separating type, which seals along the 
entire length but not at the ends, with 
the slider operating from either side. 

The new rubber Pressure Sealing 
Zipper can be applied to metal, fabric, 
or sheet rubber, provided that sufficient 
clearance is allowed for operation of 

the fastener. Installation can be ac
complished either ' by stitching or 
cementing, depending on the use. 

The pressure seals are effective in a 
wide temperature range, not cracking 
when bent at - 70 degrees, Fahrenheit, 
nor becoming soft at 150 degrees, Fah
renheit. Weathering and aging char-

l1nzippinq one of iIle self.sealinq 
water- and air·tiqht slide lasteners 

acteristics are reported to be excellent; 
One of the great advantages of the 

sealing lip construction is that it con
forms to changes in position of the seal
ing wall, withstanding stresses caused 
by these movements. 

Among the war-time uses for the 
Pressure Sealing Zipper, according to 
the company, are as closures for life 
saving suits or divers suits, which need 
to be perfectly water-proof. Use of the 
Pressure Sealing Zipper makes these 
much easier to put on or take off. 

Many uses of the new development 
are present in the airplane industry, 
the company says, including applica
tion on both high and low pressure 
ducts, where sections may be effective
ly joined with a Pressure Sealing Zip
per, on doorways and handholes, where 
there are pressure differentials, and on 
bail-out kits and instrument cases. 

Other potential uses which the com
pany sees are as openings for tent flaps, 
where the arrangement makes the flap 
water-proof, as covers for hatches and 
other places on shipboard, and as seals 
for all types of emergency equipment. 

SWEET-POTATO ALCOHOL 

Seea As a Possible 

Solalioa 10 a Problem 

T HE FOOD program, molasses trans
portation difficulties, and tremendous 
alcohol requirements have focused at
tention on new raw materials for alco
hol production. The subj ect promises 
to be of continuing interest in the post
war period if the industrial alcohol 
requirements remain above 300,000,000 
gallons. There will be insufficient mo
lasses to provide for fermentation alco
hol, and corn or wheat prices may be 
prohibitive for industrial alcohol pro
duction . 

Drs. Jump, Stark, and Zarow of the 
Seagram Research Department, re
ported at a recent American Chemical 
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Society meeting on the use of dehy
drated sweet potatoes as a raw ma
terial. Their laboratory and plant 
studies indicate that the L-4:'5 variety 
of "non-edible" sweet potatoes are 
superior to the Puerto Rico variety. 
The laboratory yields compared with 
corn were respectively 3.2, 3.0, and 2.7 
wine gallons at 190· proof per 56 pound 
bushel. 

. 
A commercial trial at one of the 

Seagram plants resulted in a yield of 
2.8 wine gallons per bushel of L-4-5 
potatoes; the yield from the Puerto 
Rican variety was lower. This plant 
fermentation yield problem is under 
current laboratory investigation, and 
appears to be susceptible of solution. 

Dehydrated sweet potatoes offer the 
advantages of storage to provide a 
year-'round supply, and processing 
with equipment similar in design to 
conventional grain alcohol plant equip
ment. 

The authors concluded .  their paper 
with the observation that the yield of 
alcohol from sweet potatoes in terms 
of acres of land is much higher than 
can be obtained from grain and closely 
comparable to sugar cane. The diffi
culties standing in the way of immedi
ate use of this raw material are the 
small acreage now in cultivation, the 
necessity for simplified planting pro
cedures, and mechanization of the har
vesting operations. A Seagram Fellow
ship has been established at Louisiana 
State University, where the L-4-5 sweet 
potato was developed, to improve 
planting and harvesting procedures. 

On the other hand, sweet potatoes 
may be grown throughout most of 
the South and under efficient farm 
management high yields per acre may 
be expected to bring the raw material 
cost in line with molasses. Thus sweet 
potatoes offer another possibility for 
agricultural and industrial expansion 
of the South by virtue of their value 
as ' a raw material for alcohol. 

INDUSTRIAL DEVELOPMENT 

Beld to .e Cur.ed .y 

Present Tax Syslem 

E VE!'i after the pent-up demands for 
merchandise growing out of war short
ages have been met, prosperity can be 
maintained in post-war America on 
the basis of new products and a higher 
standard of living than ev,er before, 
according to Larry E. Gubb, chairman 
of the board · of directors of Philco 
Corporation. 

"Actually years of research and 
development have been crowded into 
the past 32 months since the war 
began," Mr. Gubb said. "The stern 
necessities of war have been a great 
stimulus to research and technical 
progress on the part of our scientists. 
This war, which is being fought on 
both sides with the very newest tech
nical weapons, has carried us along 
the road to new scientific developments 
at breakneck speed. The world of 1940 
has alread� become obsoletE!' 

"Our n�tion will emerg� ' from this 
war with a capacity for producing raw 
materials and manufactured goods of 
unprecedented quality and workman-

ship on a scale never dreamed of four 
years ago. Great new industries, such 
as television, frozen foods, private and 
commercial aviation, and many others, 
are on the horizon awaiting develop
ment and offering tremendous employ
ment opportunities. 

"But before we Americans are going 
to participate in the advance of our 
scientists, there must be created the 
desire to get in and build this economy. 
We must recreate the incentive sys
tem that encourages enterprise and 
stimulates new undertakings. That is 
the way jobs are made. 

"The figures show that in our coun
try it takes about $5000 of invested 
capital to create a new job. Nothing 
could do more to make for a high level 
of employment and great prosperity 

after the war than the encouragement 
of 'risk capital.' If all capital is going to 
seek 100 percent safety, there can never 
be any progress. All you get is stag
nation. 

"But if capital is to be expected to 
embark in new ventures, there has to 
be Some incentive held out to it; there 
has to be a reward for risk-taking, or 
people with capital cannot afford to do 
otherwise than hold it idle. 

"Thes.e incentives are entirely lack
ing under our present tax system. 
Under today's conditions, there could 
be no such things as the building of 
our great railroad systems; the auto
mobile industry could never .get started 
and grow to maturity, for the simple 
reason that if a failure ensued, the 
burden would have to be borne in 

How to Predict the Winners in Tomorrow's Production Race 
This metallographer is us
ing Bausch & Lomb Metal� 
l o gr a p h i c  E q u i p m e n t ,  a 
microscope and photomi

crographic apparatus designed especially 
for the study of the fine structure- of metals 
under high magnification. Before him 
each day pass the , enlarged, prophetic 
pictures of tomorrow's industrial miracles 
-recorded photographically, if need be, 
for tomorrow's use. 

He is learning the secrets of the metals 
and alloys that will build the machines 
and the products that will be tomorrow's 
production winners, as today they are 
speeding America's victory. 

His B&L Metallographic Equipment is 

a modern. development of that originally 
designed and built by Bausch & Lomb in 
1 900 for a famous technical school-the 
first such equipment in America. 

It is just one of the many precision op
tical tools developed by Bausch & Lomb 
in the interests of peacetime scientific and 
industrial research and control that have 
been converted to war uses. 

BAU S C H  & L O M B  
OPTICAL CO., ROCHESTER 2 ,  N. Y. 

Est. " 1 8 5 3  

Makers oj Optical Glass and a Complete Line oj Optical Instruments jor M ilitary 
Use, Edu cation, R esearch, Industry and Eyfisight Correction and Conservatio n 
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large part by those who furnished the 
capital, while if they were successful, 
an extremely high percentage of the 
profits would be drawn off in corporate 
income and excess profits taxes and, 
insofar as earnings were paid out, in 
personal income taxes. In · other words, 
as things stand today, the tax collector 
says, 'Heads I win; tails you lose.' '' 

IfYLON APPLICATIONS 

Will Spread ialo 

Maay Posi-War Fields 

MILITARY applications of nylon devel� 
oped during the war suggest possible 
uses for this versatile synthetic yarn 
in civilian fabrics, according to George 
J. Groh of the Nylon Division of E. I. 
du Pont de Nemours and Company. 
Mr. Groh, in ' charge of nylon fabric 
development, says that, for example, 
the weaving of nylon insect netting 
has given the textile industry ex
perience in handling the yarn, which 
might be utilized later on in the weav
ing of similar fabrics for many uses. 

"A 30-denier nylon flare (parachute) 
fabric is not far in construction from 
a nylon sheer," he points out, adding 
that "with some minor changes in weav
ing and a few more turns in the yarn, 
a fabric might be developed which 
should have a large number of prac
tical uses." 

The nylon fabric which is now going 
into the human escape parachute might, 
by being built up slightly in construc
tion, suggest a sleeve lining, Mr. Groh 
adds. 

Development of woven nylon fabrics 
was undertaken before the war in · a 
limited way and all work of this kind 
was stopped as soon as nylon was 
needed for military purposes. The 
early studies were carried far enough 
in the development of fabrics for 
underwear, slips, panties, gowns, and 
foundation garments to indicate that 
nylon contributed a great deal toward 
lessening the weight of garments, he 
says, and its advantages in easy washing 
and quick drying were found particu
larly valuable. 

Experimental work before the war 
also indicated that properly con
structed fabrics of nylon could be per
manently "set" to minimize wrink
ling and that they might possess 
advantages in washability. This work 
gave definite indications that good ny
lon neckwear could be manufactured, 
that nylon in velvets and other pile 
'fabrics could be made crush-proof, that 
the curtain stretcher as a result might 
"become a thing of the past," and that 
'permanent ruffles and pleats might be 
"set" so as to be unaffected by ' clean
ing and even washing. 

POWER CONCENTRATIONS 

Are Crux 01 Eleclroaic 

aealiag Processes 

IMPROVEMENTS in the heat treating of 
metal products made possible by the 
use of electronic power concentrations 
up to 20,000 kilowatts per cubic inch 
are described by Dr. Wesley M. Ro
berds, development engineer of the 
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RCA Victor Division, Radio Corpora
tion of America. Power concentrations 
of this order, Dr. Roberds explains, 
have advantages of product quality 
improvements growing out of closer 
control and more uniform effects. Ad
ditional advantages include increased 
production resulting from savings in 
process time, greater heating efficiency, 
and greater convenience. 

"When intense heat concentrations 
are mentioned," he says, "one immedi
ately thinks of the oxy-acetylene flame 
or the electric arc. In the case of the 
torch, the transfer efficiency from 
source to work is extremely low, so 
that heating equivalent to that pro
duced by an electrical power concen
tration in the work of five kilowatts per 
square inch is about the maximum at
tainable at present. In electronic in
duction heating it is not difficult to 
put 100 kilowatts into a square inch of 
surface area with an overall efficiency 
of 50 percent. 

''With the electric arc, the power con
centrations may be comparable to those 
obtained in electronic induction heat
ing, but the intensity of the arc has a 
much lower range of control. With a 

' 100-kilowatt electronic power genera
tor, the surface of a two-inch steel bar 
can be brought to the melting point in 
half a second, or the power can be re
duced until it will require five seconds 
to solder a small can. 

"The ability to create very high 
power concentrations is especially ad
vantageous in processes where 'it is de
sirable to confine the heating to a small, 
sharply defined volume. For example, 
in such operations as case-hardening, 
welding, brazing, or soldering, it is 
desired to heat only a thin shell or a 
narrow strip on the work, while the 
other parts are to remain relatively 
cool. . This effect may be achieved by 
applying the necessary energy at high 
power levels for very short times, thus 
minimizing the conduction of heat and 
creating high temperatures only in 
those regions were heating is desired. 

"Because the' current penetration in
to the work is small, the application of 
100 kilowatts per square inch may re
sult in a power concentration in vol-

ume gf 20,000 kilowatts per cubic inch, 
This concentration of energy beneath 
an inductor makes it possible to heat 
a highly localized area on a piece of 
work." 

Although power concentrations at
tainable in dielectric heating of electric 
insulators such as wood and plastics 
are much lower than those used for 
induction heating of metals, Dr. Ro
berds says, they are nevertheless up 
to 1000 times as great as can be ob
tained by heat conduction into the 
work. Practical power concentrations 
in electronic dielectric heating range 
from 10 watts per cubic inch at a fre
quency of 10 megacycles, used for 
gluing thick wood sections, to 20,000 
watts per cubic inch at 200 megacycles, 
used to seal thin plastics films. 

CAM CUTTER 

Performs Special Operalioa 

Ia Roaliae Maaaer 

DESIGNED to cut two irregular curved 
tracks of minute dimensions on the 
inside of a thumb-sized metal barrel, 
a special cam-cutting machine has 
proved highly successful in operation 
in a plant of Fairchild Camera and 
Instrument Corporation. 

Believed by its designer, Edward Lay, 
of the Fairchild company, to be the 
only machine which cuts inside tracks 
on a barrel cam, it grew from urgent 
military needs. Assisted by Theodore 
Fraser, a Fairchild tool designer, Lay 
planned an assembly including a car
riage, chuck, and two master cams in 
one unit; stationary followers in the 
second; and a third cutter head unit. 

The two master cams govern the 
track cutting, giving it a forward mo
tion. In one revolution of the master 
cam the barrel turns three times, and 
a track is milled on its smooth surface. 
This revolving action is attained by one 
worm and two worm gears. The result 
is like a bullet in flight, which spins as 
it shoots forward. Weights keep the 
master cams in constant contact with 
stationary followers. 

An operator can master the funda
mentals of the special cam-cutting 

The operator la holdlDq oae 01 tile barre" to . be milled ID til. cam cutter 
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machine in two days. Placing a metal 
sleeve on the carriage, he pushes the 
cutter into place, then turns on the 
power unit, and with it a flow of kero
sene to lubricate the action and clean 
stray chips from the cutter. As the 
cutter spins through the solid metal, 
the operator steadily turns the car
riage's handle, moving the cam slowly 
along while the cutter bites its first 
track. Repeating the operation, a sec
ond track is cut. Though the carriage 
handle was formerly turned by power, 
it was found easier to detect manually 
any "bugs" in the operation. 

Though the machine was originally 
designed to fulfill the need for a par
ticular type of barrel cam, it is equally 
adaptable to the manufacture of other 
types. Lay believes it will aid many 
designers who have omitted vital parts 
of their machines simply because they 
lacked a practical way to cut barrel 
cams. 

SOUlm-COIfDITIOIfIIG 
lIlyIIy.s CODlrol of Waves 10 
ledDce UDdesirable loises 

ADD to the possibilities of post-war 
living one more-"sound-conditioning." 
New types of plaster have been de
veloped, according to the Gypsum As
sociation, which make it possible to 
have every room "conditioned" to 
sounds as they can now be conditioned 
to temperatures. 

The industry expects this new de
velopment to make rapid strides, and 
soon to be incorporated in the plans 
for many institutions, office buildings, 
apartment buildings, and individual 
homes. Reported to be less expensive 
than other materials for the same pur
pose, it will have an appeal for the 
great mass of new home builders, the 
Association says. 

Sound-conditioning and sound-proof
ing are distinctly different, the Gypsum 
Association points out. 

"A room is sound-proof if sounds 
originating in it cannot be heard out
side the room, and vice versa. Sound
conditioning has to do with the control 
of sound reverberations and the cur
tailment of echoes-the absorption of 
sound waves after the action that 
created them has ceased. Sound-con
ditioning is the control of sound waves 
to reduce undesirable noises." 

Greatly advanced over previous ma
terials of its type, the new gypsum 
acoustical plaster is inexpensive. It is 
very porous, the air passages "blotting 
up" the sound. In most cases its use on 
ceilings alone is sufficient. 

raE WAY TO WEIGl 
There's More 10 II 
thaD Meels Ihe Eye 

I F  YOU had several objects to be 
weighed on a refined balance, how 
would you go about weighing them? 
"Well," remarks your hard-headed 
friend who is suspicious of too much 
theory, "I'd just plain go ahead and 
weigh them, that's all. What else could 
I do? " 

That could be done and wouldn't be 

EXACT WEIGHT Shad, 
craph filling and weighing Pe� ;collin into 'Vials under asepti 
conditions in the Eli Lilly an, 
Company plant, Indianapoli, U. S. A.  

p� 
the Wonder Drug is Weighed . . .  

During World War I i t  was the Carre l l -Dakin sol.ution. Then ,ca me the famol 
Su lfa family. Although an Engl ish Scientist discovered Penici l l in i n  1 929 
took World War I I  to brin'g it to the front and prove the broad and effectiY 
curative powers for accute infections of wide scope. Today this drug is bein 
produced in  volume by the leading pha rmaceutical houses i n  America. Picture 
above is a speciqlly built EXACT WEIGHT Shadograph fil l ing and weighin 
Penicillin into vials under aseptic conditions - another of the thousands c 
applications for EXACT WEIGHT Scales, America's best known pre-determine 
weig hing equipment. Engineers with similar or  different problems are invite 
to write for information pertaining to equipment fitting their particulc 
requirements in industry. 

THE EXACT WEIGHT SCAlE .. 'COMPAM 
65 West FlftII Ave., CoIUlllbl . .. IItlo 

Debt. Ad. 1104 Ba" St., Toronto. Ctmad. 

wrong but there are even better ways. 
When you begin looking into the sub
ject, you find, perhaps, some things you 
hadn't thought of before. At a recent 
meeting of the Institute of Mathemati
cal Statistics, Professor Harold Hotelling 
of Columbia University explained what 
applied mathematics has to say about 
some of these practical considerations 
of which relatively few readers are 
aware. 

"For example," Professor Hotelling 
pointed out, "if two objects are to be 
weighed on a balance which is known 
to be correct, they should be weighed 
together in one pan, and also weighed 
with one of the objects in each pan. 
From the sum and difference thus ob
tained, the separate weights can be de
termined with greater accuracy than as 
if the objects were weighed separately 

"If the weighing is to be repeated 
several times so as to get greater ac
curacy in the averages, only half as 
many weighings are required in the 
combined operation as for separate 
weighings giving the same final ac
curacy," he said. 

Greater economies of effort are pos
sible with larger numbers of objects 
to be weighed, Dr. Hotelling reported. 

. If seven objects are to be weighed on a 
scale which must itself be corrected 
for bias, eight weighings are necessary 
in all. 

For various other numbers of objects, 
Dr. Hotelling described efficient weigh
ing plans, for various other situations 
and numbers of objects to be weighed, 
deriving them from the statistical theory 
of the design of experiments by means 
of the mathematical principle ' of ortho-
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gonality. He pointed out that this sta
tistical theory has been used widely 
by agricultural and other biological 
experimenters to improve the efficiency 
of their work, and has also entered 
into census operations and other eco
nomic and social investigations involv
ing stratified sampling in '.this country, 
in England, and in India. 

However, physicists and chemists 
have on the whole been ignorant of 
the new statistical developments and 
consequently have been Pl.lt.to unneces
sary work, or else loss of accuracy, in 
many of their experiments, he declared . 

John Mandel, a chemist of New York 
City, discussed Dr. Hotelling's paper 
from the standpoint of practical labora
tory work, and suggested that an ana
lytical laboratory should have some 
simple equipment, including standard 
cups of predetermined weight, to facili 
tate the application of the new methods. 
[t was stated that, following Dr. Hotel
ling's suggestion, some of the new 
methods are already in use at the 
United Statl;ls Customs Laboratory in 
Boston. 

IlfL TESTIRG 

E1iminales Heeessily 

Of Using Eagiae 

PERFECTION of a new method of test
ing lubricating oils will help to open the 
way for' the lubrication of the high-
5peed, high-compression motors which 
post-war developments will put on the 
market. 

The new testing method was de
scribed by Dr. E. C. Hughes, director, 
Chemical Research Department, The 
Standard Oil Company (Ohio) ,  at a 
recent meeting of the American Chemi
cal Society. 

Under ordinary procedure, lubricat
ing oils must be given at least a 36-
hour test in an ordinary automobile 
motor, This limits drastically the test
ing which can be done. 

The causes of the deterioration of 
oil in an engine were disclosed to be a 
combination of heat, air, and certain 
�atalysts found in engines. 

Under the new method the oil is ex
amined in a specially designed test tube. 
rhe tube is held in an aluminum block 
in which the temperature is controlled 
to correspond to the temperatures in 
the motor. Within the test tube are 
the metals and other catalytic materials 
found in a motor in the same propor
tion as they are in motor construction. 
rhe oil is placed in the tube and a cer
tain rate of air is passed through the 
Jil. A unique arrangement enables the 
air to agitate the oil and keep solids in 
mspension. 

Though the test takes 36 hours, many 
Jf them can be made at the same time. 
fhe results parallel those revealed by 
the Use of an engine. 

Modern l�bricating oil is a laboratory 
oroduct. The natural oil is used as a 
�ase ' and , other chemical materials are 
idded to prevent corrosion, sludge, 
:hickening, the formation of "varnish," 
md the formation of carbon. 

"WitH this in mind," said Dr� Hughes, 
'The more tests we can conduct, the 
TIore rapidly we can discard unsatis-
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factory products and perfect those of 
superior quality. Within the past 'two 
years we have tested well over · 600 
combinations In the laboratory-many 
more than we could have done had we 
used the regular automobile motor," 

BELICOPTEB CABIHS 

WiII lneorporale He. 

Plaslies Siructural Malerial 

PLASTICS are being used for the cabin 
structures of the new helicopter, R�6, 
which may help speed war wounded 
from in.accessible combat areas and may 
soon be servicing military outposts with 
needed supplies. 

The plastics material, developed and 
produced by the United States Rubber 

Llqht-welqht helicopter cabin Irame 

Company, was chosen for the cabin 
structures because of its light weight
only half that of aluminum of similar 
thickness-together with its great ten
sile strength, rigidity, and ability to 
withstand strains and excessivEl vibra
tion. It met specifications of the A.A.F. 
Materiel Command at Wright Field for 
this new structural use after it was put 
to many rigid tests. 

Made of Fiberglas, laminated and re
inforced with thermo-setting resin, the 
composite material is a non-conductor 
of electricity and is not affected by 
gasoline, oils, aCids, most alkalis, al
cohol, or fungus growth. After a blow, 
it returns to its normal position with 
no permanent distortion or denting. 
Another feature is that it retains all of 
its properties in the sub-zero tempera
tures of the Arctic as well as in the ex
cessive heat of the tropics. 

As .far as is known, this is the first 
use of laminated plastics on a produc
tion basis in this type of construction. 
Its success probably will open the way 
for many post-war applications of this 
plastics material. It is now extensively 
used to support bUllet-sealing fuel cells 
in all types of combat planes. 

PAlm 

An Imporlaal Pari 01 
The Roasing Prohlem 

I T IS of the utmost importance to 
get the word around that America can
not be rebuilt over night, believes the 
Post-War Planning Committee of the 
National Paint, Varnish, and Lacquer 
Association. 

"We couldn't all have new homes at 

once-even if we had the money to pay 
for them and new constructiori started 
up at full speed immediately post-war," 
points out the latest edition of the com
mittee's post-war planning publication, 
Looking Toward Tomorrow. 

"Our present homes will be needed 
for a long time to come," it continues. 
"Therefore, for those who live in the 38 
million dwelling units of the nation 
already in existence--which now aver
age 25 years of age--and for the half 
million new families formed each year, 
we must make our present structures 
last." 

Furthermore, the bulletin points out, 
the paint' industry can help the owners 
of down-at-the-heel properties who 
wish to buy new homes. Much higher 
prices for their present properties can 
be realized if they are put in the pink 
of paint condition, both inside and 
out, before offering them ' for sale, it 
states. In this way property owners 
can realize a larger sum for investment 
in a new home when it is possible to 
obtain one. 

Still another reason for the main
tenance of existing dwellings is re
flected in the need for housing lower 
income groups. As new homes are built 
and occupied, the older, moved-out
of homes-if adequately maintained
can' be used to house comfortably those 
with lower incomes who formerly lived 
in much worse surroundings. In time, 
the elimination of obsolete and Unfit 
housing can ' thus be facilitated. 

"It's tremendously important to give 
our nation's homes a '  good, rugged 
transfusion of paint plasma as soon as 
possible," the bulletin stresses, "so 
they will hold their own." 

CABBOH PLATIRG 

Speeded hy Use 01 
Plaslies Jigs 

IN A FIELD where previously-used ma
terials were severely limited, Plexiglas 
masking j igs are now used exclusively 
in the copper plating of carbon rings 
by the Morganite Company, manufac
turers of carbon specialties. Because 
of its machinability, diniensional sta-

Top: Plexlqlas masldDq Jlqs. BottOllU 
Carbon rlnqs. plated except for the 
narrow. edqes protected by the masks 
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bility, and light weight, Plexiglas has 
been found most successful, not only 
reducing rejects but also stepping up 
production rates. Carbon rings to be 
plated are inserted in grooves on either 
side of the Plexiglas jig rings. They are 
then mounted in gang fashion on a 
carbon rod; electrodes are attached and 
the entire assembly is suspended in a 
plating solution. The durability of 
these Plexiglas jigs and their resistance 
to the plating solution makes them 
highly practical. 

SPECLlL PBODUCTION TOOLS 

Have Limiled Applicalion 10 
Peace-Time lIIanufaclure 

, HE DEFBATS suffered by Ame.rican 
arms in 1941 at Pearl Harbor, Guam, 
and the Philippines spawned a phrase 
that no adult American is likely to 
forget during his lifetime-"too little 
and too late." It was freely and widely 
interpreted to mean that our fighting 
men simply had too few weapons and 
the wrong kind of weapons to meet the 
enemy on even terms. 

Not nearly as well appreciated was 
the truth that these weapons didn't 
exist because the precision machinery 
required to make them didn't exist 
either. Even after a long uninterrupted 
string of victories in Africa, Europe, 
and the Pacific it is difficult to grasp 
the direct connection between a high
speed automatic screw machine in a 
mid-western arms plant and a machine 
gun platoon entrenched in a palmetto 
clump on the island of Saipan. 

Mass production in volume means 
proper tooling. But even though about 
75 percent of the automotive industry's 
tools were converted to war production, 
the war products were so radically 
different from cars and trucks, and the 
need for these weapons was so great 
that thousands of additional tools were 
required-special tools, designed speci
fically to machine tank parts, to ex
trude aluminum for airplanes, to draw 
out slabs of metal into long cartridge 
cases. 

These specialized tools, so vital to 
victory, take on a different aspect when 
viewed against the post-war era. About 
10 percent of the special war produc
tion tools made for the automotive in
dustry have no foreseeable peace-time 
use. Converting them would be pro
hibitively expensive, and their cost of 
operation would be disproportionately 
large after they were converted, be
cause they were made to handle heav
ier metals in larger quantities than 
peace-time goods would call for. 

Consider, for example, a 3300-ton 
rod extrusion press, made to handle 
aluminum for aircraft production. The 
complete installation of such a press . 
costs $250,000 and, because of its size, 
six freight cars would be required to 
transport it from one location to an
other. Throughout the war, it labored 
faithfully on millions of pounds of air
craft aluminum, but after the war there 
may be no demand ·for its capacity. 

Or, what of the huge vertical boring 
mills especially designed to speed tank 
manufacture? Weighing 112,000 pounds, 
and costing $49,500 each, these mills 

can handle an armored tank turret 
with ease, but in peace-time there will 
be no immediate need for their sinews. 

Again, what of the complicated ma
chine which drills, reams, countersinks, 
and mills the trigger housing of the 
Garand rifle? Its cutters work simul
taneously from six different directions, 
and this one machine alone does in 58 
seconds the work which it formerly 
required four general-purpose machines 
each 11 minutes to perform-an in
crease in productivity of 4400 percent. 

Many hundreds of machine tools like 
these are in automotive war produc
tion, and their daily output of war 
goods makes up a large . part of the 
mass of material which is giving the 
Allied armies ascendancy on every 
front . .  Their cost of construction and 
operation is part of the price of victory 
in war, and their proper disposal bids 
well to be of major importance in the 
over-all problem of reconversion. 

To avoid having them interfere with 
reconversion, however, a true and real
istic appraisal of their worth to the 
nation's economy must be made, not 

in terms of their cost, because that cost 
is part of the price of victory, but 
rather in terms of what they can con
tribute efficiently to the post-war pro
duction volume of the industry.
Automotive War Production. 

FOOD PAC'KAGING 

Bequireme.ls Siudied for 

Frozen and Dehydraled Foods 

, EMPERATURE is not an important factor 
in maintaining stored dehydrated foods 
at a low moisture content, but it plays 
an important part in maintaining mois

. ture levels in stored frozen foods, says 
Dr. G. J. Hucker, food bacteriologist at 
the State Experiment Station at Gen
eva, New York. Doctor Hucker and his 
associates are studying the packaging 
and storage of processed foods under a 
range of temperature and humidity. 

Dehydrated beets with a moisture 
content of 5 percent were stored un
protected under various conditions 
ranging from 20 to 29 percent relative 
humidity. They reached equilibrium 

S O U T H  B E N D  L A T H E S  

Play an impo,.tant pa,.t in 
Indust,.ia' Besea,.eh 

Nowhere is precision equipment more important than 

in the research work of industry. For the exacting 

machine work required in the development of special 

testing equipment and experimental models, precision 

lathes are indispensable. Many industrial research lab

oratories, such as that of a large steel plant shown 

above, depend on South Bend Lathes because of their 

unvarying precision and time-saving versatility. 

Lathe S ui/clers For 38 Years 
S O U T H  B E N D  L A T H E  W O R K S  
4 5 8  EAST MADISON STREET • SOUTH BEND 22; INDIANA 

Write For 
NEW LATHE CATALOG 

This new 64 page catalog is 
printed in full color. It shows 
and describes South Bend 
Engine Lathes and Toolroom 
Lathes with 9" to 16" swings 
and Precision Turret Lathes 
with Jil" and 1" collet capaci· 
ties. Complete specifications. 
construction features and at
tachments are included. Ask 
for Catalog No. 100-D. 

SUY 80NDS 
SAVE FOR LATHES 
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with the '3urr.ounding atmosphere in 
about six days in an atmosphere of 90 
percent relative humidity, while it re
quired 40 days for them to reach 
equilibrium in 20 percent relative 
humidity. With this information as a 
basis, the Station workers made a series 
of tests of protective wrappings and 
packages which varied in moisture 
transmission rates. 

"Thirty-two trials of this type have 
been completed," says Doctor Hucker, 
"and results indicate that, in order to 
maintain a moisture level sufficiently 
low in dehydrated vegetables to retard 
spoilage by microorganisms, the protec
tive wrap should have a moisture vapor 
transmission rate of less than 0.3 gram 
of moisture vapor per square meter 
if the stored foods come in contact with 
an atmosphere of 70 percent relative 
humidity or over. The results also in
dicate that temperature is not an im
portant factor in the protection of stored 
dehydrated goods against moisture ab
sorption." 

In a similar series of experiments 
with wrapping materials for frozen 
foods where the relative humidity in 
cold storage lockers is relatively low, 
it was found that temperature is an 
important factor in maintaining mois
ture levels in stored frozen foods. Se
lected frozen foods were held at 10 
degrees, Fahrenheit, and at niinus 2, 
minus 5, and minus 20 degrees. Pre
liminary results indicate that wrappers 
with higher moisture vapor transmis
sion rates may be used for frozen 
foods to prevent "freezer burn" than 
can be used in protecting dehydrated 
foods against moistu!'e absorption. 

TRANSPARENT LAYOUTS 

Assisl ia Visualiziag 

laduslrial Piaul CoaslruclioD 

T HE PROBLEM of visualizing plant lay
out and location has been effectively 
surmounted by Display Studios of 
Pittsburgh with the use of transparent 
plastics models. The synthetic ' rubber 
factory illustrated, constructed to scale 
for the Blaw-Knox Company, is an 
example of many such plants this firm 
has designed and built. 

The walls, floors, and partitions of 

this model are made of Plexiglas, avia
tion's standard transparent plastics used 
for the familiar bomber nose and other 
aircraft . enclosures. 

Construction of even the most intri
cate mechanical models for study or 
demonstration is simplified with the 
use of Plexiglas; not only can it be 
cut to size with ordinary saws but it 
can be drilled and machined like soft 
metals. 

YOUTH AND AIiE 
Bolh Have Iheir Places 

ID Ihe Advance of ScieDce 

T 00 many old men are at the helm in 
science, which needs the originality of 
youth to keep pace with its opportuni
ties for service to mankind, according 
to the late Dr. Thomas Midgley, Jr. 

"The extension of life, resulting from 
the applications of those principles re
garding disease, developed nearly a 
century ago, has produced a condition 
in society whereby too many men are 
being ' kept in service beyond the years 
when previously they would have been 
eliminated," Dr. Midgley said. "This is 
particularly true in those activities re
quiring originality for scientific prog
ress. 

''Their retention is denying advance
ment to younger men at the very age 
when these younger men may be ex
pected to be entering those years when 
their maximum efficiency will be at� 
tained. Earlier retirement ages or 
transfer for men engaged in work re
quiring originality is indicated." 

Dr. Midgley explained that he does 
not mean that men over 40 are of no 
use to society, for "it is too evident that 
they are. But their usefulness is dis
tinctly of a different nature from the 
usefulness of youth. 

"Youth is original and creative, while 
age is simply experience. Both are es
sential elements on any team that is to 
make for lasting progress. I am not 
complaining that we have old men in 
active service; but I do complain about 
having old men in young men's places." 

As evidence of youth's greater crea
tiveness, Dr. Midgley cited an unpub
lished Patent Office "Table of Important 

Scale model of a factory. cODstructed of clear plastics 

Inventions," ranging from the steam 
engine by Watt to the airplane by the 
Wright brothers. 

Of these inventions, 85 in number, 46 
were by men 35 years or less. Fifty
eight were by men under 40. Thomas 
Edison made the list five times, with in
ventions patented at the ages of 24, 27, 
30, 32, and 46. 

Dr. Midgley, who was vice president 
of Ethyl Corporation, was 33 when he 
attained fame by his discovery of tetra
ethyl lead, which has made possible 
spectacular advances in automotive and 
aircraft engines, and which has con
tributed vitally to the success of Allied 
air power on the world's battlefronts. 

The Patent Office list, prepared some 
years ago, begins with Sir William Per
kin, inventing aniline dyes at 18. Then 
come William Siemens at 20 with the 
steam engine governor, Bessemer at 21 
with electroplating, Marconi at 21 with 
his first patent on radio, Edison, who at 
24 patented the stock ticker, Howe at 
26 the sewing machine, Whitney at 27 
the cotton gin, Watt at 29 the steam en
gine, Bell at 29 the telephone, Mergen
thaler at 30 the first linotype, Nobel at 
34 dynamite, Eastman at 34 the Kodak 
camera, the Wrights the airplane at 34 
and 38, Fulton at 36 ·the submarine, 
Goodyear at 39 with vulcanization of 
rubber. 

. Fulton at 42 patented his steamboat, 
Slemens at 44 the dynamo and open 
hearth process, Stephenson at 45 the 
first successful locomotive, Morse at 46 
brought out the telegraph, Roentgen 
made his x-ray apparatus at 50, Daim
ler patented his gasoline vehicle at 52, 
and Harvey patented Harveyized steel 
at 67, the end of the list. 

The original work leading to a patent
able invention often is done some time 
before the actual invention itself re
sults, and this must be considered in 
trying to reach a true measure .of the 
originality factor for various age levels. 

Dr. Midgley concluded: "For genius 
and display, take youth; for cold cal
culation and planned execution, take 
age." 

WELDING MACHINES 

No Longer Calise 

Power-LiDe Trouhles 

I MPROVEMENTS in the design of resist
ance welding machines, together with 
excellent co-operation between manu
facturers . of resistance welding ma
chines, power company officials, and 
resistance welding machine users, have 
solved the power load problem and 
eliminated the difficulties encountered 
10 to 15 years ago when resistance 
welding equipment was connected to 
power lines. 

This opinion was voiced by Mr. A. 
D. McLay, vice president of The Detroit 
Edison Company in charge of sales, 
during a talk before a recent meeting 
of the Resistance Welder Manufac
turers Association. 

Years ago, the installation of resist
ance welding machines caused power 
companies considerable trouble because 
the electric lamps of other consumers 
would .f1icker, grow dim, or almost go 
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out when the equipment was used. In 
addition, it caused interference with 
the power supply of nearby factories 
and was responsible for numerous 
complaints from other customers. 

Design improvement, plus better co
operation between resistance welder 
manufacturers, the power companies, 
and users, have enabled them to deter
mine the power load required and take 
steps to anticipate difficulties before 
they actually occur. This may be done 
through the installation of a motor 
generator set, running in lines to take 
care of the extra load, and at times 
i�lating sections of sub-stations to 
meet load requirements. 

BUBBER-TO-METAL 

Adhesive Shows 

Greal 'ersalilil, 

DEVELOPMENT of an adhesive that is in
creasing the service of thousands of 
American combat vehicles and aircraft, 
and that is conserving tens of thousands 
of hours of manpower for war produc
tion, was reported recently by L. R. 
Jackson, executive vice president of 
The Firestone Tire and Rubber Com
pany. 

The adhesive was described by Mr. 
Jackson as the only one that will bond 
any synthetic rubber to metal. This 
means that it eliminates involved, time
wasting, and costly steps in many 
manufacturing processes where rub
ber must be bonded to metal. 

''In addition, the new adhesive has 
the greatest bonding strength of any 
now known," he said, "and consequent
ly permits longer and more efficient 
service by the dozens of rubber-to
metal bondings in !lircraft and combat 
vehicles." 

Many metals, he explained, formerly 
had to be brass-plated before they 
could be bonded to synthetic rubber. 
The new cement not only eliminates 
this step but provides a more uniform 
adhesion than is possible through the 
brass-plating method. 

The presence of spots of water or 
rust film, both of which destroy the 
effectiveness of other cements, does not 
affect the adhesive. 

This cement is particularly valuable, 
Mr. Jackson pointed out, in bonding 
rubber to aluminum, which can not be 
successfully brass-plated. Since alu
minum and magnesium are the key 
metals in the aircraft industry, the new 
adhesive has a very important role in 
that field, and will be equally valuable 
for use with the light metals sched
uled for post-war automobiles. 

YITAMIlf-A SOUBCE 

SeeD iD Leal V( asles 

From Vegelables 

W ASTEJ) leaves from carrots, beets, and 
spinach are rich sources of carotene 
and vitamin A, according to studies 
reported to the American Chemical 
Society. 

<One possible use of this vitamin A 
is in feed supplements for animals, 
thus turning back to the farm food 

Ingenious New 

Technica l Methods 
Presented in the hope that they will 
prove Interesting and useful to you. 

New 90000 Arc Torch Ca n Be 'Used 
for Welding and Brazing All Ferrous 
and Non-Ferrous Metals and AJloys 
Now an arc torch that makes it possible to do most 
jobs electrically that previously were thought possi. 
ble only with gas. This attachment for arc wdders 
provides an independent source of heat by me�ns of 
two carbons. It is capable of producing intense heat, 
approximately 9000° F., over 2000° hotter than an 
oxyacetylene /lame. Pure heat, no oxygen or gas to 
contaminate the weld. No pressure to force the molten 
metal away or blow holes in light sections. 

Developed to capitalize to the fullest on the time· 
s avi n g  adva n t a g e s  of e l e c t r i c  wel d i n g, t h e  n ew 
Mid.States 9000° arc torch can be used with any AC 
or DC electric welder. It opens up new horizons 
of service in this field, never before possible with 
an electrically operated instrument. 

For BRAZING Steel, Cost Iron, Molle· 

able Iron, Copper, Bross, Bronze, and 

other ferrous and non·ferrous metals. 

New uses are being found every day for products 
that have been familiar to us for years. Wrigley's 
Spearmint,Gum, always enjoyed for its chewing satis. 
faction, is now proving with the fighting men over· 
seas many benefits which will be useful to you in 
peacetime. One of the big factors in mass production 
is the alertness and efficiency of the man on the job. 
The chewing of Wrigley's Spearmint will help keep 
you alert and wide· awake during those work periods 
that, while seemingly dull and monotonous, call for 
watchfulness in order to get perfection in the final 
assembly. 

For HEATING to Straighten or Bend, etc:. 

You <an get <omplete information from Mid-StateJ Equip. 
ment Co., 2429 South Michigan AYe., Chicago 1 6, Ill. Y·1 68 

value salvaged from material formerly 
wasted. 

The new experiments, testing several 
different methods of extraction, ob
tained from leaf wastes deep red caro
tene concentrates equivalent to 20,000 
to 200,000 International Units of vitamin 
A per gram, say Monroe E. Wall, Ed
ward G. Kelley, and J. J. Willaman of 
the United States Department of Agri
culture's Eastern Regional Research 
Laboratory, Philadelphia. 

"Although they may vary within wide 
limits, spinach, beet, carrot, turnip, 
kale, and brocoli leaf wastes, when 
properly collected and dried, have an 
average of 300 to 700 micrograms of 
carotene per gram," they add. "Hence 
it is conceivable that carotene concen
trates may be economically prepared 
from these materials." 

The three researchers described a 
number of methods for preparing caro
tene concentrates from vegetable-leaf 
meals, most of them based on the rapid 
saponification of chlorophyll in petro
leum ether solution, followed by ad
sorption treatment with dehydrated 
lime. 

The methods developed will be tested 
in a pilot plant to c;letermine their suit
ability for commercial production of 
vitamin A as a food or feed supplement. 

DBAnllfG IlfSTRUMERTS 

How Made Precisel, from 

Plaslics Malerials 

P RODUC;TION of vitally needed drafting 
instruments has been materially in
creased through developments by 
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Pereles Brothers, Inc., which makes 
possible greater accuracies in thermo
plastic molding than ever before. 

In some cases, instruments such as 
triangular relief facet scales are being 
produced complete and ready for use 
in 24 hours by thermo-plastic molding, 
compared to the two to three years 
formerly required for boxwood alone 
or celluloid-faced boxwood scales. Sea-

Injection-molded plastics make high
precision scales and drafting tools 

soning of the boxwood took 24 months, 
and if celluloid was applied, another 
12 months was required for it to set 
and cure properly. 

All the instruments are being pro
duced by the injection molding process, 
and several different. types of plastics 
materials are used. However, it is the 
accuracy and precision achieved by 
Pereles in the dies for the various in
struments that has made their produc
tion possible. Using special equipment 
and special methods in its own en
graving, tool, and die departments, the 
company has been able to maintain 
a dimensional tolerance of one half 
of one thousandth of an inch per inch 
between lines as delicate as three to 
three and one half thousandths of an 
inch in width. 

Another step forward in the en
graving of the fine dividing lines in 
the Pereles plant is that the lines are 
deeper than they are wide, which in
creases the life of the instruments and 
also make it far easier to wipe in the 
color. 

Plastics used in slide rules are Lucite, 
made by Du Pont; Plexiglas, made by 
Rohm and Haas; and polystyrene, made 
by Bakelite, Dow, and Monsanto. The 
five-inch types are made of Lucite or 
Plexiglas and polystyrene. The ten-: 
inch slide rules are made entirely of 
Lucite or Plexiglas. 

High precision likewise is attained 
in the other instruments now being 
molded by Pereles. Calibrations on the 
triangular relief facet scale for engi
neers are in tenths, twentieths, thir
tieths, fortieths, fiftieths, and sixtieths 
of an inch. The triangular scales, as 
well as flat four-bevel scales for archi
tects and engineers in 6-inch pocket 
size and 12-inch standard size, are 
molded either of Lucite or Plexiglas. 

GOLD-PLATED MOLDS 

lacrease Prodaelioa of 

Plaslics Fixlare 

FIFTY thousand man-hours represents 
a lot of time and a lot of valuable man
power, especially if that manpower is 
made up of highly skilled tool makers. 

'That was the time, nevertheless, 
which, with the ordinary procedure, 
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would have been necessary to complete 
an order for a vitally essential fixture 
(it's still a military secret) for a branch 

of one of the Armed Services. The need 
for this part was urgent. 

The use of conventional methods was 
out of the question. That would not 
only have taken 50,000 man-hours but, 
to complete the order, thousands of 
pounds of precious tool steel. The con
tract had been given to the Eastman 
Kodak Company so it was up to Kodak 
to produce. 

Kodak chemists proved first that the 
fixture could be molded of a casting 
resin instead of steel and thus made 
the first cut in cost and time. But then 
too much time was consumed in paint
ing the original mold after each casting 
to permit the release of the molded 
plastics. There was another huddle of 
chemists and they came up with the 
answer. By gold plating the original 
mold'-a method never before used-the 
increase in production was almost un
believable. They could produce the fix
ture with this method at the rate of 
four an hour or about · 60 times faster 
than would have been possible with the 
old accepted method. This method also 
resulted in much closer tolerances 
and a smoother over-all finish. 

LIGBTIIIBG 

1101 a Power Searee. hal 

Beaeficial ia Giller Ways 

Mi\N'S dream of harnessing lightning 
flashes for electrical power has been 
kicked into the realm of scientific non
sense, according to studies made by 
Dr. Gilbert D. McCann of the West� 
inghouse Electric and Manufacturing 
Company, who recently stated that 
investigation has shown that the maxi
mum electrical energy that could be 
obtained from the two billion lightning 
strokes that annually bombard the total 
earth's surface is approximately 175 
billion kilowatt-hours per year. 

"In contrast," the scientist, whose re
ports on lightning are internationally 
known, added, " the American power 
station industry alone last year gen
erated 221 billion kilowatt-hours-about 
one third of the total electric energy 
generated in the world. These men 
have outdone nature on a major scale 
and have, through engineering skills, 
set aside the wild dreams of men who 
would harness lightning." 

Dr. McCann explained that while 
lightning carries a terrific wallop, its 
usable energy is only of momentary 
duration. 

The powerful strokes that rip into 
buildings, split trees, and sometimes 
kill human beings release energy at a 
very great rate. For example, a stroke 
can momentarily produce upwards of 
200,000 amperes--enough current to 
light two hundred thousand 100-watt 
light bulbs or a city of about 30,000 
population. However, it could do this 
only for a fraction of a second. 

At the same time, Dr. McCann said, 
lightning serves two very useful pur
poses-releasing nitrogen from the air 
and charging the earth's crust with 
electricity. 

"Lightning is much like rain," he 

continued, in that it is "a sudden tangi
ble precipitation that has been accumu
lating slowly and invisibly. In the spec
tacular show that lightning stages, the 
stroke itself, the thunder it creates, and 
the damage it causes are visible actors. 
But they are only three fourths of the 
cast. The unobserved principal is the 
constant flow of electricity from the 
earth to the clOUds. 

"To offset this loss of electricity, the 
earth's surface must be struck by light
ning at the average rate of 50 times a 
second, or about two billion times a 
year." 

Nitrogen is produced for the earth's 
surface in this way: The action of the 
thunderbolts in streaking through the 
atmosphere releases nitrogen from the 
air. In the form of nitric acid, the nitro
gen falls in rain drops and enriches the 
soil. "In this way," Dr. McCann pointed 
out, "lightning annually produces near
ly 100 million tons of nitric acid-more 
of this soil builder than is manufac
tured' by all the world's fertilizer 
plants." 

L1GBT PLASTICS 

Has lIIaa, Insalalion. 

Flolalion Possibililies 

PLASTICS foam weighing only one sev
enth as much as cork has been de
veloped and is being manufactured by 
United States Rubber Company. Im
portant peace-time uses foreseen in
clude insulation for trains, airplanes, 
automobiles, and homes and in life
saving equipment such as life preserv
ers and floats. 

Although it has great buoyancy, it is 
semi-rigid. Because it contains so much 
air space, it has gQod insulation and 
sound-deadening properties in com-

New plastics foam has insulating 
qualities. is extremely light weight 

parison to its weight. It weighs less 
than a pound and a half a cubic foot 
and can be made to weigh as little as 
three quarters of a pound per cubic 
foot. 

To produce the new and different 
war material, a combination of syn
thetic plastics materials are foamed and 
then solidified, The new product is 
called "flotofoam" because of its buoy
ancy. 
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New Products 
DIAN OlD DBESSEB 

WHEEL dressers made with small com
mercial diamonds set into a matrix of 
Carboloy cemented carbide are being 
used to true-up recesses in finish 
grinding wheels employed to grind air
craft cylinder sleeves. 

When a conventional single diamond 
dresser was used for the recessing op-

eration-which is necessary in order 
that the grinding wheel may produce a 
sharp corner at the bottom of the 
cylinder sleeve's flange-the holder had 
to be ground flat and the diamond 
lapped so that the stone would perform 
the dishing-out operation correctly 
without the holder touching the edges 
of the recess. 

The Carboloy diamond-impregnated 
dresser, on the other hand, contains 
diamond particles distributed through
out the matrix, thereby insuring that 
at least one or more of the stones 
will be in contact with the grinding 
wheel at all times as the holder is 
swung through a small arc. Moreover, 
new' cutting faces are presented to the 
abrasive wheel as layer after layer of 
diamonds are reached and exposed, due 
to the gradual wearing-away of the 
carbide matrix. Hence . no lapping and 
no re-mounting are needed as in sin
gle diamond dressers. 

BAIDSAW BETOOTBEB 

T HE NEW Burro automatic handsaw 
retoother will, it is reported, do a per
fect job of punching a perfect set of 
new teeth in an old handsaw in less 
than nne minute. The retoother con
sists of a punch and die mechanism, a 
drive wheel, a feed mechanism, guide 
blooks, and clamps with adjustable 
spring tension, all assembled and 
mounted on a base. A ¥4 horsepower 

electric motor furnishes the necessary 
power. Five index bars are supplied 
to provide any desired retoothing for 
either cross-cut or rip. 

To retooth any hand saw, the handle 
is first removed. The proper index bar 
is selected, placed in the saw carrier 
and tightened in place with two C 
clamps. Next, the bed-plate is swung 
to the proper angle for cross-cut or rip 
saws and tightened. The saw and car-
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ner are then inserted into the machine 
from the left until the index bar is 
under the pawl, and power is applied. 
The teeth are punched out one at a 
time in rapid succession (240 per min
ute) until complete retoothing is ac
complished. It is unnecessary to cut or 
grind off the old teeth-they come off 
as chips. The new teeth are ready for 
setting and filing. 

VEBSATILE WELDEBS 

T wo "post-war" additions to their 
new storage-battery powered line of 
resistance welders have been an
nounced by Progressive Welder Com
pany. The first of the new additions 
is an "economy" spot-welder of the 
rocker-arm type, completely self-con-
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TH E H EN RY SYSTEM 

Of Finger Print 

Classification 

and 

Identification 
is now in use by most 

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 succesafully fill all require
ments. 
The only book based on the Henry 
System is Frederick Kuhne's 

"TH E FINGER PRINT 

I NSTRUCTOR" 
In this lS2-page book, written by a 
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 

Order From SCIENTIFIC AMERICAN 
24 West 40th Street, New York 1 8, N. Y. 

Experimental and Model Work 
PIne Inatrumentl and PIne Macblnel'1 

Innntlonl Developed 
Special Tooll. 01 ••• Gear Cuttlnr. Btc. 

HENRY ZUHR, Inc., 187 Lafayette St., N.Y. 13, N.Y. 

* BUY WAR BONDS * 

• • •  For Pleasure and Profit I 
It you have 0. workShop-at home 
or t n  busln�ss-yoU nl'cd this new 
Warner Electroplater. A t  the stro·ke 
o f  an electriHcd brush, you can 
electroplate modt>is and proj�('ts 
you can replate worn art icles, fau
cets, tools. fixtures . silverwarE', etc 
with a durable. sparkling coat of 
metal . • .  Cold. Silver, Chromium. 
Nickel . Coppcr orCndmlum. M etho d 
is easy. Simple. Quick Everything 
furnished - equi pment rom plete. 
ready tor use, By dolno a bil of work 
for others. your machint' can pay for 
itself uJ1th/n a 1lJcck. So make your 
shop complete by getting a Warner 
Electroplater right away Send to
day for FREE S A M PLE and illus
trated l iterature. ACT AT ONCE! 

Dep'.'A-I I 
. to:  I 

--------------------------- : 
----�-------------------- . 
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tained, with storage batteries, con
tactor-controller, and infinitely vari
able heat-control regulator all enclosed 
in the base. The second machine is of 
the heavy-duty type and designed so 
that both spot- and roll-welding can 
be performed on the same machine 
with but minor changes. Batteries for 
this type of machine are housed-with 
contactors, battery chargers, and con
trollers--in standardized "power-pack" 
units. 

In addition to ability to weld con
ventional steels with these welders, 
both models are designed to handle 
spot welding of such important "post
war" materials as stainless steel, alu
minum, and so on. 

BIGB-LIFT TBUCE 

WHAT is said to be a definite departure 
in material handling equipment, devel
oped and introduced by Lyon-Raymond
Corporation, is a combination of a lift 
truck and a tiering machine. This hy
draulic high-lift truck is exceedingly 
light in weight compared to equipment 
designed to do this one phase of ma-

Light in weighl, easily maneuverable 

terial handling, which accounts in a 
degree for its movability. It turns read
ily within its own length. It is made of 
special tubular and formed steel con
struction and is Timken equipped. A 
powerful floor lock and fingertip con
trolled lowering device are features. 

COMPBESSED AlB PUBIFIEB 

DESIGNED to eliminate free moisture, 
oil, and all foreign matter with a heav
ier specific gravity than air from pass
ing through compressed air lines, a 
new purifier has just been developed 
by the Bird-White Company. 

Known as the Model A-I Pur-O-fier, 
this new unit uses positive centrifugal 
action as a medium for purification. It 
weighs only 1¥4 pounds and is just 3% 
inches in diameter by 5 9/16 inches 
deep including plastics and transparent 
entrainment sump. No maintenance is 
required on the unit other than drain
ing the sump, which can be easily ac
complished by opening the petcock in 

the bottom. For intermittent operations 
the new Model A-I Pur-O-fier is 
extremely sensitive to the slightest 
movement of air and provides positive 
purification of air lines at all times. It 
can be used in connection with many 
air-operated devices, more specific ap
plications . being dental machines 
where absolute cleanliness is a re
quisite; production lines where parts 
must be kept clean for assembly; and 
compressed-air units for offset spray 
devices. 

CLAMP 

, HE Cam-O-Lok clamp, developed by 
Mechanics Engineering Company, is 
made in three types, for light, medium, 
and heavy duty. The clamp is instantly 
adjustable over the entire range of its 

Readily adjustable over wide range 

vertical holding capacity. When objects 
to be held vary in thickness, no adjust
ment of the hold-down bolt is necessary 
to obtain the desired clamping pres
sure. Locking and unlocking are ac
complished by means of a · threaded 
element in the positioning handle. Lu
brication is provided for the threads. 

APBORS 

LIGHTWEIGHT laboratory and industrial 
aprons made with high-grade cotton 
fabric and a vinyl-resin coating are 
particularly well suited for operations 
in laboratories, battery shops, tanneries, 
canneries, machine shops, and on the 
farm. 

The vinyl-resin coating makes the 
Goodrich aprons water-proof, acid
proof, alkali-proof, and oil and grease 
resistant. They are flexible and con
structed with hemmed . edges and re
inforced neck and waist tapes. 

PAIHT STBIPPEB 

A HIGHLY efflcient water-soluble paint 
stripper that loosens paint for speedy 
removal with water has been developed 
by Turco Products, Inc. According to 
the manufacturer, the hosing off of an 
application of this stripper leaves a 
clean, paint-free surface requiring very 
little after treatment to prepare for 
further processing. 

The new material, known as Turco 
Stripper L-780, is claimed to be non
corrosive on metals, making it safe for 
use on any aircraft part or assembly 
and recommending it for the removal 
of zinc chromate primer as well as other 
paint . coatings. It is said to be safe for 
use on wood and to cause no tendency 
to warp. 

Due to the water-soluble character
istic pf Stripper L-780, brushes and 
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cleaning equipment can be cleaned for 
re-use quickly and completely by a 
vigorous churning in a bucket of wa
ter. 

Applied with brush or spray, the ma
terial is left on the surface until it 
tests ready for removal (5 to 20 min
utes) . Loosened paint is scrubbed with 
a water saturated brush to form a 
slurry. Slurry is then removed by hos
ing with water, steam, or air and water 
gun. 

ROLLER TOP 

F OR USE with the Lyon-Raymond hy
draulic elevating table, a new remov
able and reversible �oller top is now 
available. Instant installation or re
moval of the roller top is possible 
since the framework fits down over the 
permanent top, eliminating any neces
sity for bolts or other fastenings. The 
roller top consists of a rigid, welded 
framework, supporting ball-bearing 
conveyor rolls. 

Since the table top is square, the 
roller top can be placed to convey 
from front to back, or from side to side. 
This understandably increases the 

Useful in conveyor systems 

table's usefulness for a great many 
applications. With the roller top, the 
hydraulic elevating table is commonly 
used in conveyor systems to accomplish 
a change· in level or direction. It is 
also highly desirable in many die hand
ling and feeding operations. 

SWITCH BIEAKEI 

RELATIVELY free from the effects of 
extreme high and low temperatures, a 
new circuit breaker is announced by 
Littelfuse Incorporated. The actual 
trip temperature of the new breaker 
without flow of current is 350 degrees, 
Fahrenheit, ambient temperature. This 
outstanding resistance is accomplished 
by new bi-metal design. There is, of 
course, a clear distinction between op
erating and ambient temperatures. The 
high differential between operating and 
brea\ing temperatures is a distinguish
ing characteristic of this circuit 
breaker. 

The bi-metal is used as the finger 
that pulls the trigger. No appreciable 
mechanical load is exerted on the bi
metal as it trips the breaker. Thus a 
new degree of dependability and uni
formity of performance is reported. 

While primarily designed for mili
tary uses-aircraft, tanks, ships, landing 
craft, and so on-the high time lag of 
the breaker well adapts it to protection 
of motors and other equipment having 
high starting surge currents. 

PIVOT BEARIRGS 

'IVOT type ball bearings are now avail
able from Miniature Precision Bearings 
in sizes ranging from 2 to 10mm out
side diameter and made of beryllium, 

Small bearinqs now available 

stainless, or chrome steel as required 
for the application. The bearing races 
are machined from solid bar stock and 
highly finished on raceway and exterior 
surfaces. Each bearing is equipped with 
four balls of the same material as the 
cup and fitted with a retaining cap. 

BLACKENING PIOCESS 

CHEMICAL blackening of · ferrous parts 
can now be accomplished by a new and 
simple process which utilizes immersion 
equipment that can be set up quickly in 
small manufacturing or plating plants 
with equipment that is already avail
able or obtainable at very small cost. 

The Ferrotone bath, developed by 
Turco Products, Inc., operates at a tem'
perature considerably below that re-

Scientific American's 
two telescope books 

AMATEUR TELESCOPE 

MAKING and 
AMATEUR TELESCOPE 

MAK I NG-ADVANCED 

were prepared before the war, with
out the slightest thought of sale to 
professionals. Came the war_ Hun
dreds of new optical industries 
.prang up. Fewer amateurs found 
time to make telescopes yet sales of 
these books increased! Investigation 
of sales revealed that the new indus
tries were buying them by the hun
d�eds 

For their Officials 
For their Technical staffs 
For their Workmen 

Why? 

Because the basics of precision pro
duction · in optics are essentially the 
sa.me for amateur and professional 
alike. Today the two books are in 
nearly every optical industry's effices 
in the nation. They "rate." 

Amateur Telescope Making $4.00 
postpaid, domestic; foreign $4.35 
Amateur Telescope Making-Ad
vanced $5.00 domestic; foreign $5.35 
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WILLOW BROOK FARM 
R93, S.hersville, Po. .. LI _________________________________ -J 

4,000 Parts Per 
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DI·ACRO Bender 
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taken in our plant which 
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Gave FI"" !�! 
Steel-Grip Finger Guards 
Hundreds of factories are saving time and injuries in war :production by 
�i����tj(!ua';d:.ke�sedl trOT She:!d1i�: 
���&Jin�� :��dYng�rt��lr�h���. b��:cifi 
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INDUSTRIAL GLOVES COMPANY 
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Tbe Blna,.., 8lide Bale 
equals a 20 Incb stralgbt 
slide rule tn precision. 
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enameled metal. Perma
nentlY'accurate. Dia. 8��·. 
Large flgures and gradua
tions eliminate eyestrain. 
Exceptional value and 

utility. PrIce wltb instructions '5,00. casb or 
C.O.D. Durable case 80c extra. Circulars fr ... 
Your money back If you are not entirely satls1led. 

Gilson 811de Bule Co., 81aarl, F .... 
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cost. Mail coupon today for Free 
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quired by oxide finishing baths. Ferro
toning, an entirely chemical process, 
provides a gleaming black or rich 
matte finish which is integral with the 
metal itself and is extremely durable. 
It does not chip, flake, or peel even 
under repeated flexing. It will not 
blister and can not be removed under 
routine cleaning operations by the ac
tion of solvents or degreasing 'agents. 
The process neither increases nor de
creases the dimensions of the treated 
metal. 

SURFACE GIURDER 

LATEST developments in balance and 
construction give the new model G-1 
DoAll surface grinder a dependable 
accuracy which enables even "green" 
operators to rely on the machine for 
constant fine work. With standard grit 
wheels, the machine produces a fine 
finish to within six micro-inches. An 
innovation in design permits the opera., 
tor greater convenience and closer 
inspection of the work while grinding. 

Built for tool room use and light pro
duction work where accuracy is para
mount, it has a table travel of 21 inches 
and transverse travel of 71h inches with 
a vertical wheel head adjustment of 

Grindinq accuracy is built-in 

12 inches, using a 7 by 1% inch wheel. 
Extreme rigidity, so important to pre
cision finish, is inherent in the 2200-
pound machine. This is almost double 
the weight usually found in a tool room 
surface grinder. This great weight, 
while helping to absorb vibration, is 
also used to advantage at all vital 
points. 

An especially constructed combined 
hydraulic control unit eliminates all 
piping usually found in a surface 
grinder of this type. This one unit con
trols the five hydraulically actuated 
movements of the machine. 

PLATING ON GLASS 

T HE UNUSUAL adhesion obtained by 
Electro Plastic Processes in plating on 
plastics materials has been further 
adapted for application to glass and 
ceramics. Laboratory and field tests in
dicate greatly improved hermetic seal
ing. Tests on Pyrex glass have been 
conducted by heating the solder-sealed 
piece to 350 degrees, Fahrenheit. and 
immersing it immediately in dry ice, 
indicating the adaptability of the new 
process for all temperature ranges. Ad
hesion obtained is reported to be much 
better than that of other commonly 
used methods. 

Any normal 
satisfactory-hot 

soldering method is 
iron. oven soldering 

or electronic, and no special solders are 
required. Either glass or ceramic cases 
can be plated with a metallic band for 
soldering to metallic end caps, or in
sulators plated for solder sealing to me
tallic containers. 

IDENTIFICATION STAMPS 

H AND stamps by which even · more in." 
formation can be conveyed than by 
conventional hand stamp designs are 
now available from New Method Steel 

ATB 4' 14 

Possible variations almost unlimited 

Stamps, Inc. These new "Letter-Out
line" stamps are particularly suitable, 
for example, where several sub-con
tractors may be making the same part 
and shipping them into the contractor's 
plant in quantities. With the new hand 
stamps, not only is it easy to identify 
the company which supplied the parts, 
but the latter company can also identify 
the individual operator or inspector 
responsible. 

All such information can now be in
cluded on one hand stamp by a de
sign which utilizes a large initial letter 
as an "outline" on the stamp, while 
other pertinent information as to op
erator and operation performed on the 
part is included within that character 
o\1.tline. 

PRESSUBE BEGULATOB 

A NEW regulator, designed to hold 
air pressures constant regardless of 
changes in flow as well as variations in 

To hold air pressures constant 

supply pressure, operates on the pneu
matic "null" balance principle and may 
better be described as a pressure con
troller, since the main air valve is 
operated by a detecting nozzle. ' This 
nozzle operates with a constant differ
ential pressure to hold the manual load-
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ing spring at essentially the same posi
tion, regardless of variations in flow or 
in supply pressure. 

An automatic bleed is provided, to op
erate when a reduced regulated pressure 
i!; required. The automatic bleed also 
serves to permit 'reverse flow when the 
regulator is used as a limit control on 
industrial instrument applications. 

COOLANT SEPARATOR 

E�ODYING an entirely new me.thod for 
automatically removing harmful mag
'netic metal and abrasive particles from 
honing coolants having a non-soluble 
base, a magnetic-automatic coolant 
separator has been brought out by the 
Barnes Drill Company. No filters are 
employed by the separator and all mag
netic particles are automatically re
moved through magnetic attraction. 

The separator is a self contained, 
motor drIven unit, employing a mag
netic rotary drum, which attracts me
tallic particles as they pass through the 
coolant and carries them out as the 
drum rotates. The drum is constructed 
of a series of permanent magnets 
mounted all the way around the inside 
and rotating with it. 

The coolant flows rapidly in a thin 

Maqnetic drum does the trick 

wide channel through the lower part 
of the separator in a counter direction 
to the slow rotation of the drum. The 
metal and abrasive particles adhere to 
the drum and extend on end in a defi
nite brush-like pattern. Then, as the 
drum rotates, the entire sludge mass is 
scraped off and discharged through a 
chute into a movable pan. Constant 
swarf removal maintains reservoir 
storage. There is no temperature rise 
and the coolant returns to the reser
voir into the base of the machine. ready 
for immediate recycling. 

CAST-TO-SBAPE STEELS 

TOOL steels are now being cast-to
shape for commercial applicationS by 
the Cast-to-Shape Division of Jessop 
Steel Company. Finding wide appli
cation in industry, cast-to-shape tool 
steels are used ' for dies, forming tools, 
glass molds, gages, hobs, gears, cams, 
and numerous other items. Advantages 
that may be obtained by using this 

process include savings of time, labor. 
material, and machining costs. These 
savings are most noticeable in the case 
of tool steel dies needed for immediate 
production, for the die is cast to the 
shape in which it will be used and re-

GLASS MOLDS  

..,. '""1 
R I N G  D I ES  

', t. ", :" 
Examples of cast-to-shape part. 

quires only a minimum of machine 
finishing. All castings are furnished 
in the anneflled condition to facilitate 
machining. 

Standard types of tool steel castings 
are regularly being made, in the latest 
types of casting equipment, of air hard
ening, oil hardening, flame hardening, 
stainless and heat resistant analyses. 
Many other analyses of specialty steels 
are ' available and even the user's 
"tailor-made" specifications may be 
cast to shape. 

COUPLDlGS 

RUBBER couplings which have had con
spicuous success in many parts of the 
pipe-laying field have now been adapted 

Rubber couplinqs serve as seals 

to other uses, it is announced by The 
B. F. Goodrich Company. The coupling 
is effective as a seal or as a flexible 
joint, and is particularly valuable in 
applications where vibration might 
cause metal-to-metal couplings to fail. 

The Flexlock coupling is a gasket 
or ring having ribs or fins running 
circumferentially both inside and out
side . .  Inside fins not only grip the out
side surface of the smaller pipe but 
also furnish a maximum ,ealing pres
sure. The outside fins are so designed 
that deformation of pack takes place 
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PIKE 
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Equ ipped with ful ly 
Ach romatic lens sys
tem 40X 50X 60X in  
same tube, Price 
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E. W. PIKE & CO., 
El izabeth 3, N .  J. 

The Morse Declmallzer 
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= 13346+ 
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guarantee. 

GEORGE H. MORSE 
927 28th St. South Arlington, Va. 
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estabUsh your claim. 
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All Serious-Minded Production Men 
SHOULD HAVE THIS FREE BOOKLET ! 

FORGING AHEAD IN BUSINESS 
contains a message of particular impor
tance to production men. This is your 
opportunity to obtain a copy of this 
famous book, which has been described 
as a "turning point in the lives of liter-
ally thousands of men"! 

-

Although "Forging Ahead in Busi
ness" has been distributed to more than 
3,000,000 men, today's timely edition 
was written in the light of recent world
wide developments. Its 64 pages repre
sent more than three decades of suc
cessful experience in training men for 
leadership in business and industry. 

It demonstrates the method which 
the Alexander Hamilton Institute uses 
to give you immediate help in your pres
ent position, while preparing you for 
post-war opportunities. Subjects direct
ly related to the work you are doing 
now, PLUS other subjects of fundamen
tal value to the business executive, are 
discussed in the book and placed in 
significant relation to one another. Thus, 
a helpful, over-all picture is provided. 

Said one man who had sent for 
"Forging Ahead in Business": 

"In thirty minutes this little book 
gave me a clearer picture of my 
business future than I've ever had 
before." 

• • .  and that represents the opinion of 

the Institute's 400,000 subscribers, in
cluding 134,000 production menl 

The booklet further explains how i. 
is possible to offer this essential train
ing in a minimUm of time; how the In
stitute program fits in with the mose 
crowded of war-time schedules. 

Among the prominent industrialists 
who assisted in the preparation of the 
Course, which is described in ·"FORG
ING AHEAD IN BUSINESS" are: 
Alfred P. Sloan, Jr., Chairman of the 
Board, General Motors Corp.; Thomas 
J. Watson, President, International 
Business Machines Corp., and Frederick 
W. Pickard, Vice President and Direc
tor, E. I. du Pont de NemoUrs & Co. 

Send for 
"FORGING AHEAD IN BUSINESS" TODAY! 
Frankly, this booklet has no appeal for 
the immature mind. It does not interest 
the man who, for one reason or an
other, is wholly satisfied to plug along 
in a mediocre job. But, for the alert, 
future-minded individual-the man with 
ambition and "drive" - "Forging Ahead 
in Business" has a message of distinct 
importance. If you feel that it is in
tended for you, don't hesitate to send 
for a copy today. Simply fill in and 
mail the coupon below. 

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - ... '- - - - - - - - - - - - - - --

A L EXA N D E R  
H A M I L T O N 
I N S T I T U T E  

Alexander Hamilton Institute 

Dept. '5. 7 1  West 2 3rd Street, New York 10, New York 

In Canada, S4 Wellington Street, West, Toronto 1, Ont. 
Please mail me, without cost, a COpy of the 64-paae 
book-"FORGING AHEAD IN BUSINESS." 

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

Firm Name . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • • •  

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

Home Address . . . . . . . . . . . . . . . . . . . . .  , . . . . . . . . . . . . . .  . 

and they grip to the bell or sleeve of the 
outer pipe. They also set up strut 
action through the cross section of the 
coupling, driving the joint tighter. 

The result of the gripping action of 
the inside fins and the sectional thrust · 

caused by their defonnation is an abso
lutely tight joint. Through the design 
of the outward lips, the only effect of 
internal pressure is to drive the gasket 
up the tapered seat, wedging the rubber 
into a position for even tighter packing. 

The couplings can be made of either 
natural or synthetic rubber, depending 
upon service conditions. Various com
pounds to meet specifications have heat 
ranges from -50 degrees, Fahrenheit, 
to 150 degrees, Fahrenheit, and can be 
made resistant to petroleum products 
and aromatics, as well as hot and cold 
gases and liquids, the latter including 
commercial acids, alcohol, water, gaso
line. and oil. 

TEMPERATURE LIMIT SWITCH 

A NEW temperature limit switch offers 
all of the well known features that 
have made Burling switches famous, 
plus the following new ones: Water
and vapor-tight sheet metal cover; 
switch adjusting screws have locking 

Interior 
of new 

temperature 
control 
switch 

with wide 
workinq 

ranqe 

screws instead of disks to lock adjust
ment; main temperature can be easily 
locked in place with a screwdriver in
stead of the usual wrench. 

Burling Temperature Limit Switch 
Model VD-20 can be used for any tem
peratures from minus 100 to plus 1400 
degrees, Fahrenheit. 

POLISHIHG-WBEEL CEMEIIT 

AFTER extensive research, Michigan 
Bleach and Chemical Company has 
announced a new synthetic polishing
wheel cement, "Gripmaster," which 
promises to find wide use in many 
metal polishing operations. 

Due to a high;'heat-resisting ingredi
ent, Gripmaster does not "glaze" on the 
wheel. Moreover, it is reported that its 
adhesive action "locks in" the grains 
of emery with a positive "vise-tight" 
control never before believed possible. 

A time-saving and inventory-reduc
ing advantage of Gripmaster, it is said, 
is that all grains-250 to 20-may now 
be applied with just one grade of ce
ment. It is now no longer necessary to 
stock several different grades of ad
hesives for different metals, different 
flexibilities, or different temperatures. 
Gr�pmaster's one grade fits them all. 
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C u r r e n l  B u l l e t i n  
B r i e f s  

Conducted by 
K .  M .  C A N A V A N  

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

A PLAN FOR AMERICA AT PEACE is a 44-
page booklet profusely documented 

with color charts and graphs, all aimed 
toward promoting smoothly function
ing relations between labor and man
agement. Employment statistics, past 
and present, are analyzed and lengthy 
discussions devoted to demobilization, 
reconversion, full employment, and 
other industrial problems. Electronic 
Corporation of America, 45 West 18th 
Street, New York 11, New York.
Gratis in the United States and Canada. 

ENGINE BEARING MANUAL is a 96-page 
well illustrated manual for mechanics 

and others interested in automotive 
engine maintenance. It contains infor
mation on the proper selection and 
installation of bearings, with tables 
showing crankshaft and bearing dimen
sions, tolerances, and oil clearances for 
all makes of cars, trucks, buses, and 
tractors. Clawson and Bals, Inc., 4701 
West Lake Street, Chicago 44, Illinois. 
-Gratis. 

TRACER-CONTROLLED ARC ETCHERS is an 
eight-page booklet describing in de

tail single- or multiple-head etching 
machines for use in light or deep etch
ing of all metals of many sizes. Request 
bulletin 1635-B. George Gorton Ma
chine Company, Racine, Wisconsin.
Gratis. 

SPRINGS DESIGNED FOR THE JOB IMPROVE 
PRODUCT PERFORMANCE is an eight

page booklet which defines and illus
trates the five basic types of springs 
and a variety of shapes and sizes into 
which they can be designed. Muehl
hausen Spring Corporation, 201 Michi
gan Avenue, LO'gansport, Indiana.
Gratis. 

THE VISMETER is a 24-page brochure 
presenting an exposition of a device 

for the continuous measurement of the 
viscosity of fluids, with automatic re
cording. Carl D. Miller, Ph.D., 327 Salem 
Street, North Andover, Massachusetts. 
-$1 .00. 

SAFETY IN ELECTRIC AND GAS WELDING 
AND CUTTING OPERATIONS is a bulletin 

compiled to provide safety to both 
personnel and property in welding, cut
ting, brazing, and lead burning opera
tions. American Standards Association, 
70 East 45th Street, New York 1 7, New 
Y ork.-40 cents. 

SPEED<AIRE WORM GEAR REDUCTION UNITS 
is.a 14-page catalog outlining in de

tail the principle of the Speedaire fan 
cooled system by means of photographs, 

charts, diagrams, and engineering 
tables. Carefully detailed instructions 
for planning installations of Speedaire 
units are included, together with rating 
tables, dimensions, and shipping 
weights. Cleveland Worm and Gear 
Company, 3301 East 80th Street, Cleve
land 4, Ohio.-Gratis. 

TURBINE CLEANING MANUAL is a 16-page 
booklet outlining a new technique 

for solvent-cleaning of turbines by the 
use of Shell Turbo Cleaner. With good 
dehydrating properties and high sol
vency for oil deterioration products, 
this new cleaner has a high concentra
tion of anti-rust agents and can be 
used on both new and old installations. 
Shell Oil Company, Inc., 50 West 50th 
Street, New York 2.0, New York.
Gratis. 

WELTRONIC HEAT CONTROLs-Number 
WTH-44--is a technical bulletin con

taining descriptions, applications, spe
cifications, and features of an improved 
line of unit heat controls, available for 
many resistance-welding processes. 
Weltronic Company, 19500 West Eight 
Mile Road, Detroit 19, Michigan.
Gratis. 

THE USE AND CARE OF MICROMETERS is a 
24-page illustrated booklet which 

describes in detail the various parts of a 
micrometer, explaining how to use and 
take care of it. The importance of fre
quent checking to insure accurate read
ings is emphasized and suggestions for 
prolonging the life and serviceability 
of the instrument are listed. Sav-Way 
Industries, Box 1 1 7, Harper Station, De
troit 13, Michigan.-Gratis. 

EcCENTRIC DRIVES is a 20-page catalog 
describing a new counterbore and 

special high speed steel cutting tools. 
A full description of each type is pre
sented, including tables of sizes, cross
sectional views, and decimal and milli
meter equivalents. Moreland Tool Com
pany, 16935 West McNichols Road, De
troit 19, Michigan.-Gratis. 

REX FLAT SPRAY NOZZLES is an eight-
page folder outlining the uses of 

nozzles in cleaning, cooling, and wash
ing operations, with tabular informa
tion concerning their discharge in gal
lons per minute, their dimensions, and 
available sizes. Chain Belt Company, 
Milwaukee, Wisconsin.-Gratis. 

BL METALLIC RECTIFIERS is a four-page 
bulletin containing pertinent in

formation on the characteristics and ap
plications of metallic rectifiers adapt
able to electronic, radl:\l", and automo
tive battery charging equipment. The 
Benwood Linze Company, 1815 Locust 
Street, St. Louis 3, Missouri.-Gratis. 

DESIGN AND CONSTRUCTION OF PNEU-
MATIc TIRES is a 50-page manual 

published for United States Army train
ing schools and now available to civil
ians. The basic principles of pneumatic 
tire design are described and illustrated. 
Data and tables are given on the im
portant classifiications of heavy-duty 
military and civilian tires. B. F. Good
rich Company, Akron, Ohio.-Gratis. 
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SAVE 50�o UP TO 

ON TECHNICAL BOOKS 

Quantities Limited 

Order Now 

Title Author 
Onl!inal 

Pnce NOW 

Baking Powders 
Mendelsohn 1'4.00 1'2.50 

Hair Dyes & Hair Dyeing 
Redgrove . . . . . .  5.00 2.50 

Chemical French 
Dolt . . . . . . . .  4.00 2.00 

Plant Growth Substances 
Nicol . . . . . . . 2.00 1.25 

White Shoe Dressings and Cleaners 

Chromosomes 
W. D. John . . . .  1.75 1 .00 

Whit. 1.50 1.00 

Chemical Species 
Timmezman. . . .  4.00 2.00 

Private Generating Plant 
Proton . . . . . . . .  2 .50  1 . 7 5  

Roof Construction & Repair 
Molloy . . . . . . . . 2 .50 1 .7 5  

Dictionary of Metals & Alloys 
Camm . . . . . . . . .  3.00 1 .75 

Superhet Manual 
Camm . . . . . . . . . 2.50 1 .75 

Wireless Coils, Chokes & Transformers 
Camm . . . . . . . . .  2.50 1.75 

Book of Garden Improvements 
Brett . . . . . . . . . .  2.50 1 .25 

Manual of Endocrine Therapy 
Cinberg . . . . . . .  3 .25 2.00 

Milling Pracj;ice 
Molloy 2.00 1 .00 

Plastic Molding 
Dearie 4.00 2.00 

Tropical Fruits 
Sukh Oval 2.75 1 .7 �  

Welding & Metal Cutting 
Molloy . . . . . .  2.50 1 . 7 5  

Engineers Manual 
Camm . . . . . . 2.50 1.50 

Rancidity in Edible Fats 
G. H. Lea . . . . . .  4.00 2.50 

Casein & Its Uses 
H. Hadert . . .  3 .00 1.50 ' 

Utilization of Fats 
H. K. Dean 6.00 3.50 

Stromberg Injection Carburettor 
Fisher . . . . . . . . . 2.5 0  1 .75 

Structure of Metals & Alloys 
W. Hume·Rothery 2.00 1 .25 

Reinforced Concrete Construction 
Cantell . . . . . . . .  3.00 1.50 

Elementary Mathematics for Engineers 

Press Tools 
Fleming . . . . . . .  2.50 1 .50 

Molloy . . . . . . . . 2.50 1 .75 

Handbook For Chemical Patents B. Thomas . . . .  4.00 2.75 

Jigs, Tools & Fixtures Gates . . . . . . . . . 4.00 2.00 

Methods & Analysis of Coal & Coke 
. . .  . . . . . . .  . . . .  1 .50 1 .00 

Aviation Instrument Manual 
5 .00 3 .00 

Wiring Circuits 
Stuart . . . . . . . .  . 2.50 1.50 

Modern Oil Engine Practice E. Molloy . . . . .  . 5.00 3.'00 

( To above price. add 10 cents domestic postage 
f.r eacla book. For foreign postage add 35 cents 

for each book.) 
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24 Weft 40th St. New York 18. N. Y. 
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Special CIoristn.. Offer 
(2 books for the price of one) 
Learn Celestial Navigation 
at home or, If you are In 
A vtation. "brush up" on 
half-forgotten skills. Used 
at Hayden Planetartum. 
I N T R O D U C T I O N  T O  
om.BSTIAL NAVIGATION 
8'l'UtEU .. IX FOR CELEB
TIAL NAVIGATION 
(printed In color with 
three-dlmellBlonal lIIustra· t1OIl8 'II1th vtewlnll 11_ •• ) 

Descriptive folder on request . 
• 1.00 postpaid 

ADDISON-WESLEY PRESS INC. 
Kendal l Sq. Bldg. ,  Cambridge 42, Mass. 

NOW Repair your own 
E LE CT R I C A L  A P P L I A N C ES 

with 
CHANITB Setf.Welding ELECTRICAL 
HEATING ELEMENT flux. Generous 
amount, instructions enclosed. $1.00 
postpaid. 

CHANITE SALES COMPANY 
914 South Main Fort Worth 4. Texas 

WILL LiF t  a:i Las 
Lifting or holding 

magnets. like cut � each $4.00 

One Ounce magnet 
In a I" z I" " 1 1," 
frame ' will sup· 

SIZE l 'h X Z 'h ���� � .
l
.�� . . .  $2.00 

ALNICO Pocket Pieces 11/16" " 9/18" z \�" 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  palr $1 .00 

Horse Shoe Magnets �2'" x %. x �4· pair $1.25 
B2'" x %" Watch size GEAR BOX 

150 to 1 Ratio . . . . . . . . . . . . . .  351 . . . . 3 for $1.00 
SKINDERVIKEN Transmitter Button with 

16 page Experiments Booklet . . . . . . . . . . . . $1.00 
2�� x Ha A.C. 1 1 0  volt Clock Motor, 

3 revolutions per minute . . . . . . . . • • . . . . .  U.OO 
One ampere Mercury Switch. 

long leads . . . . . . . . . . . . . . . . . . . 351 . . . .  4 for $1.00 

BLAN, 
'
64A Dey Street, New York 1, N. Y. 

Army-Navy Bargains 
Shot gun nipples, 4 for . . . . . . . . . . . . . . . . . . . . . . . .  $1.00 
Flints. assorted. 10 for . . . . . . . . . . . . . . . . . . . . . . . .  1.00 
Eagle buttons. 10 for . . . . . .  . .  . .  . .  . .  . . .  . .  . .  . . . .  1.00 
Cartridge belt. cal. 30 double row . . . . . . . . . . . . . . .60 
Leather belt, black. bar buckle . . . . . . . . .. . . . . . . .  .75 
Watering bridle. bit and reins. black . . . . . . . . . . .  1.00 
Krag rear Sight. Model '92 . . • • . . • • . • • . • • . • . . . .  1.00 
Prices do NOT include postage. Special circular 
showing these and many other articles mailed for 
3c stamp. 
FRANCIS BANNERMAN SONS. 501 Broadway. N.Y. 12 m E lectric HeatmG Appliance Element. 

• . Repaired. N ichrocite Paste 's Used. 
. . .;. To get at otherwise lnacce8Blble 
-- places, In toasters, Irons. over

bead elements In ovens. turosc .. 
etc. Simply overlap end. apply 
Nlcbroclte Paste and tum on cur
rent. U.ed by large utility com
pany.. Generous trial order '1.00, 

, 00f • •  '2.50, 1 pound $S.OO. 
ADVANCE MFG. & DIST. CO. 

Dept. SA-Box 861 , Minneapolis, Minn. 

TWO REASONS - 1. Manufacturerr "�MI 
are getting ready NOW for post war 
sales and production! 2. Right now, 
manufacturers are seeking products Iheir 
expanded facilities can handle ; factories 
must have products to take up the slack 
after war orders Itop. Your chance 
comes with patent protection now - de. 
lay may endanger your chance.. Get 
our NEW FREE Inventor'. Book to
day and valuable "Invention Record" 
form. This request does not obligate 
you. Act now. Write today. 

Registered Patent AttorneyS. 

, 
175· Y At lant ic Bldg. ,  Washington 4, D.C.  

Send me your NEW FREE Book. "How To 
Protect. Finance and Sell Your Invention" 
and specially prepared "Invention Record" 
form at once. I understand that this 
request does not obligate me. 

• I • 
Name . • . . . . . . . . . . . . . . . . . . . . . . . • • • • • • . . . . . •  I • Address . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . I • ;;'Yfij.-:';;i�:' �� ·�;i·�; ���:�:,;� 'iii' iii. 
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Dor  B o ok Co rner  
THE BOOK DEPARTMENT of �Ientiflc American is conducted. with the 
co-operation of the Editors. to make available for you a' comprehensive 
book service. · Each month the Editors select and review in these columns 
new books In a wide range of sclenlillc and technical fields. In addilion. 
they are ready at all times to advise you regarding the best available 
books on any subJect. You are Invited to use this service Ireely. Tell our 
Book Department what kind of books you want. and you will be furnished 
with tile names of available books. including prices. When Inquiring 
about books. please be specific: remember that we can be of the greatest 
help only when you tell us iust what you are looking for. Books listed 
in these columns may be ordered from our Book Department. Add 25 
cents per book for mailing outside U. S. 

TO MAKE CERTAIN that books ordered by or for men in the Army, 
located Iii the United States. or men In the Navy. Marines. or Coast 
Guard. located anywhere. will be delivered. Insurance fees should be 
sent with orders. as follows: To $5 in value. lOt additional: from 55 to 
$25. 20¢: Irom 52! to S50. 30¢. 

PRODIGAL GElmSc 
TBE LIFE OF MEOLA TESLA 
By Joha J. O'leili 

T HAT Nikola Tesla gave to the world 
the fundamentals of the alternating 

current power system is indisputable; 
but that he should be credited with the 
discovery of the modern radio system, 
the planning of present broadcasting 
methods, the invention of fluorescent 
lamps, and a dozen and more other 
things that Mr. O'Neill ascribes to 
him is something that is open to' serious 
question. Beyond a shadow of doubt 
Nikola Tesla was a menial genius whose 
powers were far greater than those of 
even some of the most brilliant men of 
today. Lacking in practical business 
ability, however, he becomes an eccen
tric figure in the world of science, al
ternately ignored and accl/limed. The 
story of Tesla needed telling and it is 
told here in complete detail. If the 
reader will overlook the mysticism that 
is woven through the book and will for
give the author for "superman," "dazz
ling scintillations," "intellectual. in
candescence," "a single mighty burst of 
invention," and similar gasps of amaze
ment, he will be able to mine out of 
the pages of this biography a picture 
of one of our truly great scientists who 
all too often fell short of fulfilling his 
lavish promises to humanity. (326 pages, 
6 by 9 inches, a portrait of Tesla.) 
$3.85 postpaid.-A.P.P. 

ELEMENTARY MATBEMATICAt 
ASTRONOMY 

By Barlo. aad Bryaa 

OLD favorite, a half century in exist
ence, lately out of print and unob

tainable, but now back in a fifth edi
tion revised by the Astronomer Royal, 
who has rearranged it and brought 
up to date the exposition of the basics. 
Mainly. however, mathematical astron
omy is timeless. Those who do not love 
mathematics regard such books as 
bleak. This one for the beginner re
quires only algebra, geometry plane 
and solid, trig, no calculus, and isn't 
downright wantonly, perversely, and 
maliciously bleak but only tenderly 
bleak, as if the authors had said this 
hurts me worse than it hurts you. Cov-

erage: celestial sphere; time; earth; 
sun's apparent motion in ecliptic; 
atmospheric refraction and twilight; 
geocentric and annual parallax; aberra
tion; eclipses; planets; precession and 
nutation; observatory; earth's position; 
solar, stellar distances;  rotation of earth; 
gravitation. (387 pages, 5lh by 8% 
inches, 170 illustrations.) -$5.10 post
paid.-A.G.I. 

LAKE SUPERIOR 

By Grace Lee lale 

ANOTHER of The American Lakes 
Series, under editorship of Milo M. 

Quaife, this book treats with the dis
covery, settlement, and commercial 
growth of the Lake Superior region. 
The fur industry, timber, . fishing, and 
vast mineral resources of the area are 
faithfully and accurately described 
from early days to the present in rela
tion to their economic and political 
aspects. Author is Curator of Manu
scripts of Minnesota Historical Society 
and professor of history, Hamline Uni
versity. (376 pages, 5lh by 81h inches, 
33 illustrations, index, bibliography.) 
$3.60 postpaid.-A.D.R., IV. 

SAMPLING INSPECTION TABLES 

By Barold F. Dodge aad Barry G. Romig 

PROBLEMS of inspection are encoun
tered in so many phases of indus

trial production that the choice of 
method too often becomes a matter of 
chance rather than design. In this solid 
text the various factors to be consid
ered for quality control are brought 
forth, together with an approach that 
will enable the engineer to decide upon 
an adequate inspection procedure. The 
mathematical background is given upon 
which are built the sampling tables. 
(106 pages, 5lh by 8lh inches.) -$1.60 

postpaid.-A.P.P. 

TBEY BOP AID CRAWL 

By Percy A. Morris 

POPULAR but scientifically authentic 
book-the author is on the staff of 

the natural history museum at Yale
about snakes, crocodilians, lizards, 
turtles, toads, frogs, and salamanders, 

SCIENTIFIC AMERICAN JANUARY 1945 



but nearly half about snakes, describ
ing their traits, haunts, food, economic 
status, color, dimensions, and adapti
bility as cage animals and pets, in 
readable form. A book in which you 
can look up animals you see and 
take away the salient facts without 
trying to become a zoologist. (253 pages, 
6 by 9 inches, illustrated.) 43.60 post
paid.-A.G.I. 

fBE FUIfDAIIERTALS OF CHEIIIS!B' 

By 1I0Droe II. OIiDer 

I F you want to obtain a comprehen
sive grasp of the overall subject of 

chemistry and its applications to your 
modern life, this is a book which will 
fulfill your greatest expectations. Basic 
concepts are so carefully explained that 
you can read the text as a running 
story, even though you may have for
gotten all the chemistry you ever 
learned. Part One of the text will in
troduce you to elements, mixtures, 
electrons, acids, alkalis, and so·on. Part 
Two deals with the broad phases of 
chemistry in your everyday life, cover
ing such topics as plastics, sulfa drugs, 
alloys, synthetic rubbers, and many 
of the other chemical marvels of our 
age. (408 pages, 6 by .8lh inches, over 
100 illustrations and an excellent in
dex. ) -$.80 postpaid.-A.P.P. 

YOUR SEBYART TIlE MOLECULE 

By Waller S. Landis 

lOT just a popular book on the 
marvels of chemistry, not a home 

study course in chemistry, but a book 
from which a reader brought into deal
ings with the chemical industries but 
without chemical education could plug 
that gap to the extent that, while he 
would not be a chemist, he would 
have shrewd ideas concerning what it 
is all about and not feel entirely out 
of it. Coverage: organic chemistry; 
food; shelter; clothing; pulp and paper; 
soap and detergents ; petroleum; rubber, 
natural and synthetic ; resins and plas
tics; explosives; pigments and dyes; 
drugs, pharmaceuticals, and vitamins; 
cosmetics, toiletries, perfumes; colloids ; 
chemical research. The author, late 
vice president of American Cyanamid, 
wrote this book for bankers, brokers, 
tradesmen, householders. It is popular 
in style but meaty in spots, explains 
chemical formulas. (238 pages, 5lh by 
81/4 inches, 13 illustrations.) -$2.85 
postpaid.-A.G.I. 

EllfSfEIIf 

By Di�ilri lIariaDoll aDd Palma WaYDe 

S
UBTITLED "An Intimate Study of a 
Great Man" this book has been de

scribed as "a family's-eye view of a 
genius," and is said to be altogether 
readable. Unfortunately, Professor 
Einstein himself says it is generally 
unreliable. Most men of science, who 
admire Professor Einstein, are likely 
to accept his repudiation, especially as 
he is known to be the reverse of touchy 
or disputatious, but the book is still 
available to others including those who, 
frbm curiosity or perversity, wish to 
read an intimate book about Einstein 
which Einstein has repudiated. Your 

The Editors Recommend 
PROCEDURES IN JEXPERlMENTAL PHYSICS 
B7 1010. S'ron., ,.h.D. A wealth of uBeI,,1 data o' 
a practical kind for the conltructor, es.perimeuter, 
md wiled ""aftam.... '6.80 

STEEL SQUARE POCKET BOOK - B7 0 .. ,.,., 
L. Stoddard. Practical methodB for u.in, th. car· 
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-PRISMS-
11" -$2.00 

l W'-$4.00 

3,4"-$2.50 

1 11" -$6.00 

1 "-$ 3.00 

2"-$ 1 2.00 

These prisms are chip free and correct 
to within 5 min. of arc. 

Optical fiats, sizes 2" to 12", glass, 
Pyrex, or Quartz, prices on request. 

Conti nental Precision O ptical Co, 
21 7  W. North Ave., Milwaukee 1 2, Wis. 

I n t r o d u c t o r y  

A S T R O N O M Y  
B" J. B. Sidgwick 

Fascinating summary of modern .... 
�onit,!,:c'\!,��W�df�n��I���t�n�lt� 
maps showing the constellations of 
each season. HClear. practical, de-
pendable." - N.atural History 

$2.50 
. 

Philosophical Library, 15 E. 40th St., N .Y. 
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57mm IUmm ..... IImm 95mm Z." 36mm 18Zmm Z." I" diameter I" tocus for Ramaden eye·pleces SI. �'!':: :J�meter 1mm tocus $1. 2":12" Pyrex Optical 
Send for tree list describing many other Items. 
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Parcel Post Pre
paid. Please re
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H A R R Y  ROSS 

Scientific & Laboratory Apparatus 
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D O  YO U R E C O G N I Z E  

IF YOU DO, you are ready to know �heir true 
secret meaning in the divine or �osmlc world. 
A new private and Sealed Book will be sent to 
you without co,t, explaining how the ancient 
sages used these signs as leeys to un�ock !he 
force. of the universe. ] ust state which SIgn 
you recognize and address . your letter to: 
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San Jose, California 

TECHN IQU E O F  P LYWOOD 
B y  CHARLES B .  NORRIS 

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 70 inches, 
tables and drawings.) -$2.50 postpaid. 

FOR SALE BY 
SCI ENTIFIC AMERICAN 

24 W. 40th St. New York 18, N. Y. 

reviewer admits being curious and 
perverse but not enough so to risk 
picking up untruth by reading the 
book. (211 pages, 5% by 8% inches, 
unillustrated.) -$2.85 postpaid.-A.G.I. 

BIFLES ARD MACHIIE GUIS 

By M. M. JOhnSOD. Jr .. Capt., USMCB 
(lDacti.e) 

A MODERN handbook of infantry and 
aircraft arms, this volume is a 

practical guide to all the important 
World War II military small arms of 
major countries from the clip-loaded 
rifle to the 20mm automatic cannon. 
Description and analysis of develop
ment, operation, loading; firing, dis
assembling, with data on ammunition, 
stoppages, accuracy, and employment. 
Author is inventor of Johnson semi
automatic rifle, Johnson light machine 
rifle, and other arms. (390 pages, 6 by 
91f4 inches, 125 drawings and photo
graphs, index.) - $5.10 postpaid. -
A.D.R., IV. 

WOMEI ARD MEl 

By AmralD ScheiDleld 

DIFFERENCES, psychological and phys
iological, between women and 

men, not merely according to popular 
tradition and belief but according to 
the studies and measurements of mod
ern science. Though written in popular 
form, this work is fairly technical 
in spots, digging into physiology and 
function, and should help the sexes 
to understand each other's apparent 
stupidities. But it doesn't even yet 
answer all the questions, such as why 
women want to wear trousers and why 
they get out of a car backward. (453 
pages, 5112 by 8 inches, illustrated.) 
$3.60 postpaid.-A.G.I. 

CLIMATE AID THE ENEBGY OF IATIOIS 

By S. F. MarkhalD 

CLOSE relations between climate and 
the destiny of nations are revealed 

by this British author whose book 
covers the world, with much attention 
to the U.S.A., where he finds the 
Mason-Dixon line coincides with a 
temperature line which, he claims, has 
more than coincidental significance. 
In which places will civilization finally 
settle down to stay, and what will be 
the effects of air conditioning on our 
locales? This serious study deals with 
such questions as these. (5112 by 81f4 
inches, 23 illustrations. ) -$3.60 post
paid.-A.G.I. 

THE PHYSICS OF MUSIC . 

By AlexaDder Wood, D.Sc. 

TECHNICAL scientific treatise for musi
cally inclined scientists and scientifi

cally minded musicians. The border
line between science and music is its 
ground. Chapters: Nature of Sound; 
Forced Vibrations and Resonance; In
tensity and Loudness; Pitch; Musical 
Quality; The Ear; Vibrations of Strings; 
Organ Pipes; Sundry Other Musical In
struments; Dissonance and Consonance; 
Scales and Temperament; Recording 
and Reproduction of Sound; Halls and 

Concert Rooms. It gets down to tan
gibles in a scientific ' sense and will even 
require some study for most readers, 
the subject itself not being simple; but 
it is not formidable. The author is a 
lecturer in experimental physics and 
musical acoustics at Cambridge Univer
sity, England. (255 pages, 5% by 8% 
inches, 111 illustrations.) -$6.10 post
paid.-A.G.I. 

HISTOBY OF COLOB PHOTOGBAPHY 

By Joseph S. FriedlDaD 

A TREMENDOUS amount of exhaustive 
research must have been accom

plished by the author of this book 
which brings together between one set 
of covers as complete a record as pos
sible of the whole development of color 
photography down to 1944. The work 
thus offers a splendid reference source 
as well as a text which will lead to a 
mastery of the overall subject. (514 
pages, 6% by 9% inches, illustrated. ) 
$10.10 postpaid.-A.P.P. 

MARIIE PIPIIG BAIDBOOK 

By Edward P. GoehriDg 

E VERY type of piping installation, large 
and small, used on modern ships is 

discussed in the pages of this compact 
volume. The most complicated and 
exacting specifications are analyzed and 
explained. (662 pages, 5 by 7% inches, 
over 150 drawings, and 69 tables includ
ing 30 pages of steam tables.) -$5.10 
postpaid.-A.P.P 

DIVIIG, CUTTING. AID WELDING IN 
UIDEBWATER SALVAGE OPEBATIOIS 

By FraDk E. Th,lIDPSOD. Jr. 

THOROUGHLY practical pocketbook writ
ten by a man who designs, manu

facturers, and operates underwater sal
vage equipment, the president of the 
Thompson Engineering Company, and 
who has been engaged in salvage work 
at Pearl Harbor, this book is for divers 
and workers and is not a story book 
about the romance of diving. It is solid 
meat and right to the point all through, 
on training, physics of diving, prepara
tion and descent, tending, accidents, ill
ness, working on the bottom, salvaging, 
cutting with flame and arc, welding 
underwater, and other useful, applicable 
subjects. (214 pages, 5 by 7% inches, 
26 illustrations.) -$2.10 postpaid.-A.G.I. 

ELECTBOIIC'S FOB BOYS AID GIRLS 

By JeaDDe BeDdick 

D oN'T let the title of this book fool you. 
While it is "written down" to young-' 

ster level, it is going to find its way 
into the hands of many adults who 
want to obtain a clear picture of elec
tronics without. burdensome study. The 
text will not prepare the reader for a 
career in electronics engineering but it 
will give him a grasp of accurately 
presented fundamentals. The foreword 
is by Keith Henney, Editor of Elec
tronics and Contributing Editor to Sci
entific Amer:ican. (148 pages, 5% by 
8 inches, a number of simple drawings.) 
-$1.69 postpaid.-A.P.P. 
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T e i e s c o p l i c s 
A Monthly Department for the Amateur Telescope Maker 

Conducted by A L B E R T  G .  I N G A L L S  
Editor of the Scientific American books "Amateur Telescope Making" 

and " Amateur Tel.scope Making-Advanced" 

I N 1931, Daniel E. McGuire, a Shady
side, Qhio, farm lad then 17, hit on 

the use of a slit in place of a pinhole 
in the telescope mirror maker's Fou
cault knife-edge test and for this his 
name has been in the book "Amateur 
Telescope Making" (page 380) since 
the edition of 1933. Later, McGuire 
became a precision optical worker for 
several professional producers. In June, 
1943 he hit on something which ' he 
now, by invitation, describes after us
ing it a year and becoming closely 
familiar with it-the employment of 
spacers of scotch tape in connection 
with the air-spaced test plate for op
tical surfaces. From 15 Lincoln Ave., 
White Plains, N. Y., he writes: 

I T is commonly believed by opticians 
that interference fringes appear be

tween optical surfaces only when they 
are in close contact with each other. 
This is the earliest form of optical 
testing in which the interference of 
light waves reveals minute irregulari
ties on the surfaces. This method pre
vails to the present day. It has many 
disadvantages, but they can be over-

�" KLHCO T�H'''D 
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Fiqure 1: Inverled melhod 

come to a great extent through the 
use of air-spaced test plates. 

With the use of monochromatic light, 
a surface may thus be tested when re
moved many thousands of wavelengths 
f:r;:om the test-plate surface. While 
there is no need for going to this 
extreme, there are many advantages in 
separating the two surfaces as much 
as 100 wavelengths (0.002") .  This re
duces the risk of scratching poorly 
cleaned surfaces, and increases speed 
many times over that of the conven
tional method. 

The ideal material for separating the 
surfaces is scotch tape. This material 
is uniform in thickness and, when 
properly applied at three equidistant 
points on the test plate, it is easy to 
maintain parallelism between the sur
faces. For 2" to 4" test plates the 
tape is cut to 1/4" to %" width and 
about I" lengths. The cleaner end is 
applied to the surface, and the other 

end, because it has been handled when 
cutting to size, is folded down over 
the edge of the test plate. For this 
critical work the scissors must be kept 
clean. Any dust particles that ' are 
sealed under the tape add to the thick
ness of the air space, hence cleanliness 
must be the rule when applying the 
tape. For the same reason air bub
bles under the tape must be avoided. 

To prevent curling of the edges 
and corners of the tape the test-plate 
surface must itself be cleaned with 
great care. When removing a grease 
film from the area near the tape rub
bing must begin near the center of the 
tape and proceed outward to the glass. 
Dust is removed with a soft brush. 

An ordinary test plate, whether flat 
or curved, cannot be used with the 
increased air space without proper 
collimation of the light. The rays can 
be focused . upon a flat, or on a curved 
surface by a lens system (Figure 1 )  
on the back of  the test plate, so that 
all rays will have normal incidence 
upon the surface being tested. The 
rays return in the reverse direction, 
and the collimating lens system re
focuses them upon the light source. 

Test plates of the usual type, opti
cally modified by using the proper col
limating systems but without spacers, 
are thereby decidedly improved. The 
fringes are more plainly visible on the 
steeper curves, and the readings are 
more dependable. Distortion due to 
oblique reflection angles of marginal 
rays does not exist in any collimating 
test plate unless there are serious er
rors in the collimating system. 

An off-axis point of view distorts 
the fringes. To maintain alinement 
of the axis a small spot of paint is ap
plied to the center of the back sur
face of the collimator. When its re
flection is hidden by the spot itself, the 
point of view is on axis. Only one eye 
can see the undistorted pattern, since 
both cannot be on the axis together. 

A beam splitter is essential to view
ing the test plate on axis. This is a 
piece of glass, plane-parallel, polished 
on both sides, which reflects only a part 
of the light and transmits the re
mainder (disregarding the small por
tion that is absorbed by the glass it
self) . It works best with a thin coat 
of silver or aluminum on one side, 
but an uncoated beam splitter is satis
factory when the room is darkened. 
It makes no difference on which side 
it is coated, but the under surface is 
the more protected from dust . •  A piece 
of clear plate glass is good enough 
for this work. Figures 1 and 2 re
veal the function of the beam splitter. 
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It is important that the light source 
be made large enough to allow for 
changes in the a�inement of the test
plate axis; the same applies to the size 
of the beam splitter. An excessive 
amount of spherical aberration in the 
collimator also requires a large light 
source to provide even illumination of 
the test plate surface. 

Any light source which radiates a 
small number of different wavelengths, 
concentrated into very narrow lines in 
the spectrum, is suitable for air-spaced 
test plates. Low-pressure mercury va
por lamps are better than high-pres
sure lamps, although the latter work 
well when the air space is not too 
great. Sodium vapor lamps are very 
good. Neon and fluorescent lamps can 
be used, but they are not recommended. 

11 , _ _  
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Fiqure 2: Direct vision testinq 

Other types of lamps have not been 
used by the writer. 

The separation of two flat surfaces, 
tested in parallel, monochromatic 
light, has little effect upon the read
ing of the fringes but with all curved 
surfaces the readings go concave with 
a widening separation of two matched 
surfaces, the change in the reading be
ing in direct proportion to the amount 
of separation. The steeper the curves, 
the greater the number of Newton's 
rings for a 'given separation. 

When curved test plates are air
spaced, the test-plate surface must be 
altered from the true radius to a new 
curvature. In order to produce straight 
fringes, when testing the opposite 
curvature of the true radius, the change 
in radius is always made equal to the 
thickness of the spacers. Convex air
spaced test plates are made steeper, 
concave �mes are made flatter, than 
the true curvature. 

When the new curvature is estab
lished, the air space must remain con
stant in order that the test plate can 
be relied upon. In practice this can
not be guaranteed, but there is another 
way to be sure of the test-plate read
ing. Although the spacers are not 
reliable in their thickness, the master 
test plate is reliable in curvature. The 
air-spaced test plate for steep curves 
therefore must always be accompanied 
by the master test plate. Straight 
fringes are no indication of the true 
reading unless they are seen when 
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COM PLETE H IGH·GRADE KITS 

OU R SPECI A LTY 

Each kit has two glass discs 
( correct thickness) tempered 
pitch, 8 assorted abrasives 
including rouge (fewer may 
not give perfect optical sur· 
face ) ,  instructions, FREE 
ALUMINIZED DIAGON· 
AL, etc. 

MIRRORS, made to order 
4" Kit . . . . . .  $2.95 !pyrex, $4.00) 
6" Kit . . . . . .  4.00 Pyrex, 5.50) 
8" Kit . . . . . .  6.50 Pyrex. 8.00 

10" Kit . . . . . .  10.00 Pyrex. 15 .00 � 
12" Kit . . . . . .  15 .00 Pyrex, 25.00 \ 

A L U M I N I Z I N G  
A harder and brighter aluminum casting that is 
uniform and produces a lasting and superior re .. 
A.ecting surface. Guaranteed not to p�el or blister 

6" . . . . . . • . . . . . . . . . . . . . . . .  $2.50 
8" . . . . . . . . . . . . . . . . • . . . . . .  $3.50 

1 0" . . . . . • • • • • • . • •  

' 

. . • •  , • . . •  $5.00 
Mirrors for Cameras, Range Finders 

and other optical instruments. 

Write for FREE ILLUSTRATED CATALOGUE 

THE PRECISION OPTICA L CO. 
1 001 East l 63rd Street 

New York 59, N. Y. 

TELESCOPE 
MAKERS 

QuaUty materials of the RIGHT kind. 
6" Kit : - Glass. abrasives. pitch. rouge. and 
instructions . . . 0 . . . . . . . . . . . . . . . . . . . . . . .  $5.00 ����-7G�I.w�i tf�tciM':�i�J��tiSPEC���� 
We olIer you the benellt of our 26 years of 
experience at this hobby. Free price Ust. 
John M. Pierce. 11 H arvard St., Springfield, Vt. 

ALUMINIZED 
SURFACE HARDENED COATINGS Gei the BEST. No change in prices. 

PRECISION PLUS 
ALUMINIZED DIAGONALS, Rectangular, 
pitch £,olished flats, suitable for 4" ohort focul 
and 6 and 8" long focus ICopeS. 1 o/a "  x 1 0/, ". 

Price. flat ,to Y:z wavelength $2.50 ea.. flat 
ta 14 wavelength $3.50 .... flat to 1 / 1 0  wav .. 
length $5.00 ... 

L E R O Y  M. E. C LAUSI N G  
5507-5509 Lin�aln Ave. Chicaga 25. I I I .  

REFLECTING TELESCOPE KITS 
OUR SPECIALTY 

PARABOLIO PYREX MIRRORS Made to order. 
correctly IIgured. 'polished. and parabollzed. Precise 
workmanship guaranteed. Prices on request. WE DO POLISHING. PARABOLIZING. AND 

ALUMINIZING 
Send for FREE ILLUSTRATIm CATALOGUE 

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

A Popular Illustrated 
Astronomical Monthly 

For amateur altronomen - Dew ltar 
chartl, Gleaninll' far lelescope .... Ur., 
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testing the master. When ' the master 
appears to be wrong, due to an error 
in spacing, this "wrong" reading is the 
correct reading for the work. . 
, The scotch tape spacers never grow 

thinner with use, although they may 
be compressed through excessive , pres
sure and show temporarily a convex 
reading. It is quite normal for the 
tape to collect dust around the edges 
while in Use ;  it becomes lodged under
neath the tape and the air space is 
increased. The error in spacing may 
change the reading as much as three 
fringes before it is necessary to renew 
the tape. When the master shows a 
concave reading of three fringes, the 
work must read the same in order to 
be correct. Straight fringes on the 
work, in this case, are three fringes 
convex. An excessive amount of dust 
is avoided when the most accurate 
work is desired. In flat work, or with 
shallow curves, it is not so necessary 
to check with a master. 

A sodium vapor lamp, radiating light 
in wavelengths of 0.00002", permits the 
convenient use of round numbers. A 
surface having 18 degrees of .curva
ture shows a change in reading of one 
fringe for each 0.001" change in separa
tion. (Collimated light, having nor
mal incidence over , the whole surface, 
is always used in this demonstration.) 
Spacers having 0.002" thickness change 
the reading two fringes from the con
tact reading. A further change in 
thickness, while the tape is in use, 
changes the reading in a direct propor
tion with the error in spacing. A 10 
percent increase in spacing changes 
the reading only 0.2 frihge. When test
ing a surface having three times 
the curvature, or , 54 degrees, the 
same change in spacing causes the 
reading to change nine (32) times as 
much. The 0.002" spacers change the 
reading 18 fringes from the contact , 
reading, and a further change of 10 
percent changes the reading 1.8 fringe. 

The following procedure is used when 
correcting the test-plate surface. The 
spacing material is selected first, and 
a fair quantity is held in reserve for 
future replacements. The separation 
of the surfaces is established by the 
thickness of the spacing material at 
hand. Testing is done on the master 
test plate with spacers temporarily 
applied to its surface. The test-plate 
curvature is altered until the concave 
readings, due to separation, are re
duced to zero. 

Most of the alteration can be checked 
by contact readings when the number 
of fringes is predetermined. The test 
plate is made to read convex. The 
testing is done in the , usual way, with
out collimation. The test plate is 
blocked for polishing by machine, and 
only the finishing touches are left for 
hand work. The back surface is 
cleaned to allow testing of the final 
work by collimated light. Spacers are 
used as described ahave. 

Spherical aberration in the collimat
ing lens system has some effect upon 
the straightness of the fringes. The 
air-spaced test plate cannot be made 
spherical unless the collimator is cor
rected for spherical aberration. It is 
easier to compensate for the aberration 

in a simple type of collimator by pro
ducing an aspheric test plate. Or
dinarily the aspheric surface is pro
duced. without awareness of it, in 
striving to duplicate the master curve 
and produce straight fringes; and there 
is no need for estimating its value. 

The collimating lens system has an 
infinite variety of shapes. Every dif
ferent test-plate curvature. diameter, 
thickness, and refractive index of test 
plate and auxiliary collimating lens 
requires a different design. 

A steep, convex test plate requires 
one or mote concave surfaces to di
verge the rays and form a virtual image 
of the light source at the center of 
curvature. The turning point, from a 
concave to a convex collimator, is 
found where the radius of the convex 
test plate is n times the viewing dis
tance, where n equals the refractive 
index of the test' plate. A flat test plate 
requires a convex back surface to col
limate the rays parallel to the optical 
axis. All concave ' test plates require 
one or more convex surface to con
verge the rays and form a real image 
of the light source at the center of 
curvature. 

A constant viewing distance is main
tained for all work of the same dia
meter, and it is used in the calculation 
of the curves for the collimating sys
tems. The usual ratio of viewing dis
tance to diameter of test plate is about 
six to one for the larger test plates. 
Ten to one, or longer. is better for the 
smaller surfaces. The viewing dis
tance is never less than 10", on the 
smaller surfaces, unless a magnifier is 
used. 

Variation of the viewing distance has 
some effect upon the reading of, the 
test plate; but the tolerance for errors 
in collimator design is. not very exact
ing. A greater air space makes greater 
accuracy necessary. It is most , prac
tical to keep the air space to the small
est amount consistent with safety. 

It is not necessary tq test any of the 
collimating surfaces for figure; but 
flaws in the glass are more noticeable 
than with contact test plates. 

McGuire's article will be conclUded 
next month with a discussion of the 
design of the collimating lens system 
and of the methods of using the test 
plates. 

To forestall p()ssible objections that 
the general method of using separated 
test plates may have been used in sev
eral large precision opticill industries 
for some time, and that McGuire there
fore cannot claim it categorically, it is 
to the point to state that his main con
tribution is the scotch tape spacers
which, however, in actual shop produc
tion greatly speed up the test and 
therefore the work. You can put the 
work on the tester, test, remove it 
and go on working, quickly; so you 
will test oftener. He contributes some
thing else - the article. It does the 
public little good to hear that a given 
method has already been in use in some 
shop if nobody who is qualified to do so 
by experience with it takes the trou
ble to write it up and, publish it for the 
benefiit of others. McGuire has greatly 
improved the method and he here 
makes it available, also, to all. 
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Now- as Little Noticeable as Eyeglasses! 
NEW ZENITH NEUTRAL-COLOR EARPHONE and CORD 

Attracting More and More Thousands to Wear a Hearing Aid 

A New Zenith Model for Every Type of Correctable Hearing Loss 
1 Model A-2-A. New improved 

model of the famous nationally 
popular standard Zenith for the 
person of average hearing loss. 
New, patented "Prentiss Tube" 
brings clarity and volume range 
with low battery consumption! 
Complete, . ready to wear, $40 
only . . . . • . . 

NEW ZENITH 

RADIONIC 

HEARING AIDS 
{All 3 models complete with 

Radionic Tubes, Crystal Micro· 
phone, Magnet;c Receiver, 
8otte,;es and Battery Case} 

2 Model A-3-A. New Air Con· 
duaion Zenith. A brand new, 

super-power instrument with tree 
mendous volume in reserve to as
sure maximum clarity and tone 
quality even under the most diffi· 
cult conditions! T his special model 
complete, ready to wear, 

. 
$50 

only . 

3 Model B-3·A. New Bone·Con· 
duction Zenith. A new, 

powerful precis ion instrument 
created specially for the very few 
who cannot be helped by any air· 
conduction aid. Exclusive Zenith 
"Stator Mount" Headband auto· 
matically warns when headband 
pressure exceeds normal adjust
ment ! Complete, ready to $50 
wear, only . . . . . 

ZENITH RADIO CORPORATION, CHICAGO, ILLINOIS 
COPYRIGHT 1945, ZENITH RADIO CORP. 

ONCE AGAIN, a great Zenith advancement 
is opening up to new thousands the joys 

and advantages of a hearing aid! 
. 

First to lower the cost of better "hearing 
within reach of all, now Zenith sets a new 
standard of smart appearance that enables 
you to wear a hearing aid with poise and self· 
assurance. So inconspicious is Zenith's new 
Neutral-Color Earphone and Cord that it is 
actuall y as little noticeable as eyeglasses! 

It brings to the hearing aid a new look of 
youth ... makes it more popular and casual 
than ever before. 

In place of the old black button, this 
new ensemble introduces a streamlined, com· 
plexion-tinted plastic earphone ... light, 
comfortable. Gone, too, is the old black 
cord - replaced by a translucent plastic cord 
that is perspiration·proof, fray-proof, kink
proof- gives less friction or clothing noise 
than any fabric-covered cord. 

No longer is there any reason to deprive 
yourself of an aid to better hearing. Ask the 
Zenith·franchised dispenser near you for a 
free demonstration of the smart looking, su
perbly performing Zenith Radionic Hearing 
Aid. No obligation! Send coupon below for 
dispenser's name and free literature. 

Why Its Fine Quality Costs You 'So LiHle 
Like your watch, this hearing aid is a product of 
precision mass production. If only a few wer� 
made, it would COSt many times more, be far less 
accurate-as Zenith proved when it applied pre
cision mass production to lower the COSt of a 
$200 radio to $29 and make it an even finer in
strument. Now Zenith combines precision mass 
production with a revolutionary sales method 
which eliminates salesmen's high commissions 
and other expensive selling costs ... to bring you 
at $40 to $50 an even finer hearing aid than our 
original $50,000 model. Remember-Zenith 
leads the world in precision mass production of 
Radionic products exclusively. 

CANADIANS! The Zenith Radionic Hearing Aid 
(Air Conduction) with Neutral·Color Earphone and 
Cord is now available in Canada-direct by mail only 
-at $40 (Canadian currency). No extra charge for 
shipping, duties or taxes ! Write Dept. A·IO, Zenith 
Radio Corporation of Canada, Ltd., P. O. Box 30, 
Windsor, Oneario. 

-_. PASTE ON PENNY POSTCARD AND MAIL ._

ZENITH RADIO CORPORATION, Dept. A·lO 
P. O. Box 6940A, Chicago I, Illinois. 

Please send me free literature about Zenith Ra
dionic Hearing Aids-together with name and 
address of nearest Zenith dispenser. 

Nanle __ �_. _______________________________________________________ . 

Address. ___________ . ________________ . _______________ . ___________ . ___ 

Cit1_ __________ . ___ . ______ ___ State. 
o Physicians check here for special lileracure. 



�tn-� �-IN SUPBR.HIGHWllY CONSTRUCTION 

When express highways are built to by-pass 
crowded cities-roads widened to serve the 
needs of advanced distribution-mountains 
of surface materials will be moved by huge, 
new road-building machinery. For these 
earth-movers a perfected application of 
HYCON hydraulic power will give new 
muscles to controlling forces, lessen the 
operator's fatigue, and give him Finger-Tip 
Control in actuating the powerful machines 
and their giant loads. 

This light, compact power plant is engi
neered to apply controlled force to steering, 
braking, and many other heavy tasks. For 
doing the manually impossible, builders of 
ponderous machines-in their plant equip
ment as in their products-can call on the 
mechanical force of HYCON hydraulic units. 

Plan for their installation in your new or 
modernized production facilities, and in your 
new products to meet new competition. 
LfT'S ALL BACK THE ATTACK- BUY MORE WAR BONDS 

BYCONPVMPS 
for Immediate Delivery 

Because of their compactness and phenomenally 
high pressure-furnishing variable delivery up to 3000 
pounds per square inch-HYCON pumps will do a 
great many hydraulic jobs better. 

Today there are available HYCON pumps and 
valves in the 3000-pound range for commercial 
applications to control or actuate machine tools, 
giant presses, dump truck lifts, materials-handling 
mechanisms and remote-control circuits. T hey will 
operate brakes, clutches and steering devices of 
heavy vehicles; test high-pressure apparatus; and 
solve a wide variety of other hydraulic problems. 
Write for full information. 

For Tomorrow • • •  Infinitely variable pressure 
controls at YOUR finger tips 

* � * Hy-eON * * * 

REGISTER£D TRADE MARK 

M?A-P/teMMe fit�O� 
Patented-Manufactured only by The New York Air Brake Company 

THE NE'W' YORK A.. B.AKECOMPAN'Y 
-----------------------fi.Ao/�V��----------------------

420 LEXINGTON AVENUE, NEW YORK 17, N. Y. FACTORIES: WATERTOWN, N. Y. COFYRIGHT 1944, lH£ NEW VORt< AIR BRAKE CO, 


