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MEET YOUR NEW NEIGHBOR ••• 

Holland is a tiny nation, proud and independent. In time of peace, it was 
thought of as a land of dikes and windmills, of tulip beds and pleasant, in
dustrious people . • • .  But, there will be much to learn about Holland, its love 
for freedom and its implacable fight against tyranny and oppression • . •  

There will be much to learn about every nation of our world, important 
things for understanding and tolerance that will mean a better peace . • • .  One 
of the finest means of studying our World Neighbors is shortwave radio. 
With it, you can reach any nation almost instantaneously to know the his
tory and politics of that nation even while they are happening . . . •  Look 
to Hallicrafters, when Peace is won, for the world's best short wave re
ceivers-the results of over fifty million dollars worth of war research 
and developments in Radio. 

hillli[rilfll!rs RADIO 

HALLICRAFTERS RADIOS are the Radio
man's Radio. Designed and built for ex
perts, they are the world's Rnest short
wavereceivers. Victorious Allied Armies 
all over the world will attest to their 
excellence. THE HALLICRAFTERS COM
PANY, CHICAGO 16, ILLINOIS, U. S. A. 

BUY A WAR BOND TODAY I 
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WORK THIS MODERN, ACCURATE, SPEEDY WAY 
Accurat.e A: -PE - CO photo - copies are made 
direct of anything on paper, cloth or film, 
written, printed, drawn or photographed, or 
bound in books. A-PE-CO "photo-exact" copies 
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Previews of the ladustrial 
. �;.� 

Horizon r 

STA R D AID S FOI T E L EYI S I OII 

PROBLEM-CHILD of the radio industry, television has been 
kicked around by the industry and the press alike for many 
years. Came the wa:r, and the meager knowledge of television 
technology, painstakingly acquired during those years, blos
somed mightily behind the closed doors of government-con:.. 
trolled laboratories. There the problem-child has given birth 
to a number of developments which so far can only be men
tioned in generalities. But even with war-necessitated re
search being directed 'toward military problems, television 
itself has benefitted. Benefitted, indeed, to a degree where 
television is 'now ready for at least a minor boom as soon as 
the light turns green. , 

Now, however, come further complications; Television has 
always been plagued with the necessity for standards that 
will permit a receiving unit to pick up the vision-broadcasts; 
Transmitters and receivers must both be designed for these 
standards and any deviation from them, at either end, makes 
operation impossible. 

Before the war, television was struggling along and had 
reached the ,point where standards were set-set in the light 
of then-available knowledge. Since that time progress has 
shown that pr�-war standards are not good enough for the 
type of television that can now' be offered to the public. 
What to, do? Mairitai� two standards and sell two types of 
receivers? Or junk the pre-war standards and set new ones 
based on advanced knowledge? Here is a problem that has 
the radio industry up in arms. 

If two standards are maintained side by side, everyone 
will suffer-public and industry alike. If the pre-war stand
ards are kept, in favor of better standards, then the public 
will have available only an inferior type of, television�not 
the best that can be provided. If revised post-war standards 
are adopted, it may take a while longer to get television to 
the public but when they do get it, it will be as high in 
quality as can be furnished. 

No one is going to suffer much if we have to wait a bit 
longer for television. It has been promised so often that a 
few post-war months more will make little difference. When 
television at last becomes "big business"-and it certainly 
will become, just that-it should not be handi,capped by an
tiquated ideas and standards. 

More comment on this subject, straight from the radio in
dustry, on page 27. 

TIARSP AIEIIT M O D E L S  

I ECESSITY for quickly training production employees in war 
work has given rise to ma:ny instruction tricks. Latest of 
these involves the use of full-sized models of valves, pumps, 
and the like, fashioned of crystal-clear plastics. Available 
plastics' can be machined to size and shape accurately. Then, 
w'hen 'assembled with interior parts made of opaque mate
rials, the plastic exterior enables the student to see just what 
goes on inside. With such visual knowledge, he is better 
equipped to do any job connected with the assembly which 
he has studied in plastic form. That such models are far 
better than the more conventional cut-aways goes without 
saying, since the interior parts can be seen from any angle 
and in true perspective. 

A D H E S I V ES 

SPRINKLED throu�h the news of technology for the past few 
years have been mentions of various advances in the science 
of \ldhesives. Edge-glued lumber, better plywoods, metal-to
metal borids, are only a few of the developments made pos-
sible by this progress. ' ' 

., Now comes news of a rubber-like adhesive which is par
'ticularly adaptable 'to use in many branches of construction. 

2 

By means of this new adhesive it is pOssible to bond a very 
thin layer of wood veneer directly to a meytl surface and to 
accomplish this result quickly and with the use of only 
moderate heat and pressure. The end result is not a new one, 
since wood-faced metal sheets have been fabricated' in the 
past. But, by the neW 'method,costs and the time factor are 
radically reduced. Further, the new bonded materials c!ln be 
stamped, cut with shears, and bent into almost any shape 
without disturbing the bond or cracking the wood. 

The practical and decorative effects of this new wood-metal 
combination can go far. Home interiors and furhiture, air
planes, trains, ships, and so on, are likely places for use of 
this type of paneling in which strength and weight factors 
of metals can be combined with the warmth and beauty of 
wood. 

C OI B O SlOIl C OIITIO L 

DESPITE the faCt that corrosion haS �nnually taken its toll 
of millions in dollar-value, it seems that only desultory 
attempts were made to control this waste until the for
tunes, of wa:r were seen, in some theaters, to turn on a film 
of rust. Vital supplies, piled on some beach in the South Pa
cific, rusted rapidly, became worthless. Parts of the story of 
what has been done to combat this waste is told in the article 
on page 22, where petroleum derivatives are described in 
their protective role. On other fronts the fight has also been 
waged. The paint industry has become more alive than ever 
to the possibilities of paint as a protective medium. Better 
metal coatings 'have been devised to keep rust to a mini
mum. Plastic sheaths, that are removed before an article is 
placed in service, have' been developed to protect highly 
polished surfaces froni corrosion between the final finishing 
operation and actual use. 

' 

All-in-all, industry can see on the peace-time horizon at 
least partial freedom from the inroads which corrosion has 
made in the past. 

S Y IIT H E T I C  B U B  B E l  IE C L A I M E D  

W HEN synthetic rubber first entered the over-all picture 
of our national economy in a big way, it was considered to be 
a completely expendable product. None of t)le formulas ap
plicable to reclamation O'f natural rubber would work with 
synthetic. Now, ·however, formulas and processes' have 
been developed by means of wh,ich scrap synthetic can be 
reclaimed-using, the same machinery used fur reclaiming 
natural rubber�nd turned back to the manufacture of the 
identical items 'for whiCh it was previously used. Already 
more than a million pounds of synthetic have been reclaimed. 

F O R  FU T U R E  I EFE I E R C E  

PROBABLY the first ,commercial pO'St-war use for gas tur
bines will be as power units for railroads, with airplane 

, drives, ocean ship drives, industrial power, and electric 
power generation following in that order . . .  Chlorine di
oxide, valuable as an industrial bleaching agent, can now 
be made on the premises by.a newly developed generator ... 
Jets of oil, impinging on the under side of Diesel pistons, hold 

'promise of keeping down excessive combustion-chamber 
temperatures. . . Chemical engineering is making possible 
extensive reductions in the cost to the consumer of synthetic 
vitamins. . . Fire-fighting methods, intensively developed 
for military purposes, will reduce post-war fire tolls. 
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No One Need Pay More than $40 
for a Quality Hearing Aid! 

America's Overwhelming Swing to the New 
Zenith Radionic Hearing Aid Proves It! 

SUCCESS speaks for itself ! America's hard of hearing - eager to 
enjoy a fuller life, to take a more active part in working for Victory 

-are buying the Zenith at a rate undreamed of before in the hearing 
aid industry! Here, indeed, is conclusive evidence that no one need 
pay more than $40 for a quality hearing aid! 

How can Zenith bring its finest quality thus within reach of all? 
One reason, of course, is Zenith world leadership in the exclusive 
manufacture of radionic products. Another is this: The Zenith is built 
not to a price, but to an improved, modern principle of hearing aid 
design: INSTANT PERSONAL ADJUSTMENT. You� yourself, "focus" 
this instrument for your particular hearing needs-for different voices 
and surroundings-as conveniently as you focus a pair of binoculars! 

That's why the Zenith requires no elaborate testing and frequent 
ad justments by high-paid, high-pressure salesmen ... no special offices, 
home calls or other expensive "trimmings." Zenith Quality Is in the 
Instmment Itself! 

No longer is there any reason to delay hearing a demonstration. 
You owe it to yourself - to your country - to all who have your 
interest at heart. Your local Zenith-franchised optical establishment 
invites you. No one will urge you to buy, or call at your home. For 
free descriptive booklet, sent in plain envelope, mail the conven
ient coupon pel ow - today. 

�o COMPLETE, READY TO WEAR 
Available at Zenith-Franchised Optical 

. Establishments Throughout America . 

Only Zenith Gives You These Great Advantages 

New "Self-Focus" 1 Hearing Control 
The flick of your finger brings 
heari og ineo range for your par
ticular needs-for different voices 
and surroundings-as c o nven
iently as yOll focus a pair of bi
noculars. Outmodes the old-way 
"fixed-adjustment" principle. 

2 New Low-Operating-Cost 
Battery Circuit 

. 

An exclusive circuit - especially 
developed by Zenith engineers 
to insure outstanding perform
ance throughout the life of the 
batteries. Brings average 0reat
ing COSt to only 3/10 0 one 
ceot per hour. 

3 Zenith's Finest Quality 
-About t the Price 

You gec the fine precision that 
modern knowledge and engineer,. 
ing made possible, at about 14 
the price of other quality vacuum 
tube instruments! One model
no "decoys." One quality
Zenith's finest. One pnce-$40. 

4 Zenith Guarantee 
5 -Year Service Policy 

Guaranteed by Zenith, world's 
leading manufacturer of radionic 
products exclusively, for a full 
year. You also get unique Zenith 
5-yeat Setvi c e  Policy with 
coverage enjoyed exclulively by 
Zenith wearers. 

ZENITH R.ADIO CORPORATION, CHICAGO 39, ILLINOIS 

;;�WJJ:"'I'4Q!@1\''%0.grtl:b ': •••••• il&l •••••••••• '%0Mil'%0 •••••• i;M.%ll�:-::..;.:tW�: _ �_ ���=-�:tJ'!;w 
_ - -- -- � Free Vescrlptwe Bookl I I Mail Coupon ,or SA7 I Accepted by American Medical Associ· 

ation Council on Physical Therapy 

Good news for our Canadian friends. 
The new Zenith Radionic Hearing Aid i� 
now available in Canada-Direct by mail 
only-at $40 complete (Canadian Cur· 
rency) with no additioltal charge for 
transportation, duties or taxes: For par
ticulars write our Canadian distributor, 

'Zenith Radio Coporation of Canada, Ltd., 
Guaranty Tt-u5t Bldg., Windsor, Ont. 

COPYRIGHT 1944, ZENITl-I RADIO CORP. 
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EXCLUSIVELY
WORLD'S LEADING MANUFACTURER 

All Producrion Now for War or Rehabi/irarion 

I C RPOAATlON, Dept. I I ZENITH R6A9DlgA �hiCago 1, Illinois I I P. O. Box ' . . envelope-yout Fte� I I Please send me-In pla�e New Zenith Radl- I 
� descriptive book�et on t I 
I onic Heanog Ai . ___ I 

\ �2:·, �� :;�;,.x�=�� \ 
I 0 Physicians check here Ot 

. __ } 
L ____ _________________ _ 
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50 Years Ago in 

(Condensed from Issues of July, 1894) 

ATLANTIC CABLE - "On the 2d of July the Faraday com
pleted the laying of a new Atlantic cable, the actual time 
occupied in the work of laying the deep sea portion being 
but twelve days. When the Great Eastern, in 1866, com
pleted the laying of the first successful Atlantic cable, the 
entire world joined in congratulations. The event was justly 
looked upon as marking an era in the progress of the world. 
Since that time, however, the making and laying of ocean 
cables has become a practical, everyday business, and the 
new cable Vl"as not only laid in the shortest time, but is·a 
much better cable than any of its predecessors, having the 
largest copper conductor and being the speediest ever laid 
for its length." 

HARDENING STEEL -- "The manufacture of iron and steel 
burglar-proof vaults for insurance companies, trust companies 
and similar institutions is one of increasing importance. As 
the safe maker advances in his processes, and while he is 
improving the burglar-proof quality of his safes, so fast does 

the burglar improve in his method of attack, so that it is 
often the burglar himself who is in advance of the safe 
builder. The illustration . . . shows a somewhat curious 
operation incidental to the manufacture of steel and iron 
vaults, the hardening of the plates. The process is the one 
employed at the works of J._B. & J. M. Cornell, in· this city, 
and consists in dipping the hot plates into salt water. Ad
vantage is taken of the water front held by the firm in 
utilizing in situ the salt water of the Hudson River for the 
purpose, a brine dip being considered superior to one of 
fresh water . . .  Special heating furnaces are built in the 
open air upon the margin of the river, and plates of steel 
heated in them are dipped into -the river to harden." 

GARBAGE UTILIZATION-"The process of garbage disposal is 
. . . probably carried on now with greater perfection in St. 
Louis than anywhere else in the world. . . Carts brincdng 
the material ... discharge into enormous vertical cylinders, 
which are surrounded by steam jackets. Superheated steam 
is forced into the jackets, and the water, which constitutes 
from 75 to 80 percent of the /tarbage. is thus evaporated ... 
After extracting the grease, the residuum in die cylinders 
is dried a little more ... It is now a brown mass, free from 
all, unpleasant odor. and apparently dry, although it still 
contains 5 or 6 percent of water. As it has not been heated 
sufficiently to cause destructive distillation of the solid por-

-4 

Hons, it contains practically all the .nitrogen of the fresh 
garbage, with, of course, all the alkalies and phosphates; 
and, after grinding coarsely and packing in barrels or bags, 
it ·commands a ready sale all over the United States." 

GAS·ICE - "An Indianapolis ... firm has constructed a re
frigerator for making ice by means of the cold produced 
by the expansion of natural gas to atmospheric pressure. 
This is the principle of all 'artificial ice machines; yet it 
seems to have only just occurred to some American engineers 
that natural gas as it i�l'ue!j\frofIl the wells at pressures 
amounting in some instances to ;;20atii).�!,pheres, and at a 
temperature of 42° F'ah.;presents,the s91�'physical condition 
necessary for the production of'c:;old'py gase!i>us expansion." 

ELECTRIC BO ATS'?"" "Of the' five Ol"six' hundred'eledric roads 
in this country a large proportion 'reacH' l}<lfuJial ' " rtificial 
waters, such as lakes or rivers, and in all pa:rts1;f t ountry 
a large amount of work is now being done 'in th¢u tion of 
the current from the trolley wires for'. cha�g 
battery boats to ply on these waters." 

RAILROADS - "The total "mileage of :railways
. 

ih:�he!.;Llilited 
States on June 30, 1893, was 176,461.07,being. ah "ine:rease 

. during the year of 4,897.55 miles. The cotrespol1.dii}g.<in
crease during the previous year was 3,160.78,'from'lo'W'hich it 
appears that ther.e was some revival in railway'constz:uction 
during the year covered by the report." 

PULP PIPES - "Wood pulp is agitated with water and . rolled 
on a tube. After the ... extra amount of water drains away'; 
it is placed on end and the interior mould is. wit 

. 

II; 
leaving the wood pulp tube ... The further process. ts 
of dipping it into a' very hot solution of asphaltum and 
other materials, which penetrate the whole substance. The 
ends are then squared up, and the threads cut, or taper finish 
is made in the usual manner of wrought iron 'pipe; This 
material, when finished, possesses high electrical resistance, 
rendering it suitable for underground conduits for. electric 
wires." 

AUSTRALIAN GOLD-"Some - big stories are current of the 
Coolgardie gold fieldS·.,in Western Australia, and particularly 
of one mine in the' district discovered by two young ad
venturers named Bailey and Ford. . . The montllly output 
from the mine now. amounts to 2,000 ounces. From 30 tons 
of ore picked from a bulk of 1,400 tons, 18,000 ounces of 
gold was obtained, and the remainder of the stone is ex
pected to yield from five to six ounces to the ton." 

STRIKES-"It is to be regretted that the people of the United 
States should have to recover the use of their ordinary high
ways at the point of the bayonet, but it is is better to recover 
and hold them in that way than to give up the control of 
them, even for a moment, to people so reckless and malicious, 
or so unutterably base, as those who have ili:il:naged the 
great railroad strikes for the past ten years." 

TURBINES--"In a paper on the Laval steam turbine, read 
before the French Society for the Encouragement of National 
Industries, it was stated that, though invented only in 1891, 
some 200 of the motors are now at work, ranging in size 
from 5 to 100 horse power. The speed of rotation ranges 
from 15,000 to 30.000 per minute, the steam issuing from the 
guides at the full speed due to its pressure. Owing to this 
it is not necessary that the wheel should fit closely into the 
guide chamber, as there is no tendency to leakage." 

GLASSBRICKS--"Glass building bricks ... are hollow, being 
blown like bottles. and are given forms -such as cubes, 
hexagons, etc.-that permit of ready laying. A bituminous 
cement, with a base of asphalt, is used with them. The bricks 
serve as double windows, 'giving protection against both 
cold and heat; thev are /tood insulators of humiditv and 
noise, and they lend themselves readily to the decoration of 
buildings, either by their form or color." 

ARC LI GHT -"The light of the carbon arc is not, and can never 
be, white, as it is sometimes described as being, but must 
always be tinted violet by the carbon vapor normally pres
ent between the rods." 
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Courteous 

Calm 

Competeut 

These are traditions of the telephone bu.siness. 

The courtesy born of competence and the calm, sure 
speed that comes from knowing how. 

Learned in peace, these are valuable traits· in war 
when Bell System people are tinder more pressure 
than ever before. 

Even in today's rush and hurry, "The Voice With a 
Smile" keeps right on beIng a part of telephone 
serVIce. 

BEL L TELEPHONE SYSTEM 

When you're. calling over war·busy lines, the Long Distance operator may ask you to "please 

limit your call to 5 minutes." That's to help more calls get through during rush periods. 
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All Serious-Minded Production· Men 
SHOULD HAVE THIS FREE BOOKLET! 

FORGiNG . AHEAD .... IN BUSINESS 
co�tains a lIlessage of particular illlpor
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
jllly 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 im,m,ediite help in your pres
ent position, wllil¢ipreparing 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
- eluding 134,000 production men! 

The booklet further explains how it 
is possible to offer this essential train
ing in a minimum of time; how the In
stitute program fits in with the most 
crowded of war-time schedules. 

Among the prominent industrialists 
who assisted in the preparation of the 
Course, whichis described in "FORG
ING AHEAD . IN . BUSINESS" are: 
Alfred P. Sloan, Jr;;.· Chairlllan 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. 

Alexander Hamilton Institute 
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ALEXANDER 
HAMILTON 
INSTITUTE 

Dept. 55 71 West 23rd Street. New York 10. New York 

In Canada. 54 Wellington Street. West. Toronto 1. Onto 
Please mail me. without cost, a copy of the 64-page 
book-"FORGING AHEAD IN BUSINESS." 

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

Firm Name . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • . • • • •  _ 

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

Po-sition . . . . ... . . . .  � . . . . . . . . . . . . . . . . . .  � . . . . .  ;. . . • .••• 

Home Address ................................... .. 

"Quotu.· .. " 

"UNFORTUNATELY, theorists in gov
ernment feel that they know just how 
to run industry so as to produce Utopia. 
But .the operation of an industry, as 
the industrialist knows,is one of the 
most intricate problems that man 
handles. It is obviously impossible to 
operate industry by rule. The only way, 
however, that government can rUn any 
activity is by dogmatic direction. That 
must fail in industry as we so clearly 
see now." James F. Lincoln, President, 
The Lincoln Electric Company. 

II II II 

"THE BEST that can be hoped for in a 
college training is to make the student 
cognizant of what education means, 
and to guide him so that he may have 
the urge through study and reading to 
become. educated." Dr. Roger Adams, 
University of Illinois. 

II II II 

"THE [POST-WAR] COMPETITION 
between research departments will be 
just as keen as that between sales de
partments. 'The manufacturer of a fin
ished product will have to pay more at
tention to· and spend more money for 
research. His organization will not only 
have to'keep currently informed about 
his own final products, but also will
have to keep up with the procession in 
new knowledge of raw materials and 
processes." Clyde E. Williams, Director, 
Battelle Memorial Institute. 

II II II 

"IT SEEMS PROBABLE that business 
. .. will not be able without additional 
financing to produce and distribute the 
volume of goods and services· necessary 
to provide full employment." Professor 
Charles C. Abbott, Harvard Business 
School. 

II II II 

"WE SHALL have been criminally 
negligent if during these times we fail 
to plan for the job beyond. In my 
opinion any assumption is unsafe and 
dangerous, that we will just automatic
ally have full employment because of 
the combination of scarcity of goods 
and high purchasing power." Howard 
E. Blood, President, Norge Division, 
Borg-Warner Corporation. 

II II II 

"PASSENGER SERVICE to cities now 
denied the advantages of direct air 
travel will be an important factor in 
post-war traffic increases, provided 
that we lick the problem of airport ac
cessibility. Within a decade, we should 
see about 20 million airplane passengers 
a year, or five times the 1941 number." 
Charles I. Stanton, Administrator of 
Civil Aeronautics. 

II II /I 

"A LARGE VOLUME of construction. 
ready to start instantly, may be the 
very thing that can prevent initial post
war unemployment from spiralling 
downward into a major depression." 
Major General Philip B. Fleming, Ad
ministrator, Federal Works Agency. 
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AVIATION 

Conducted by A L EXA NDE R K L E M I N  

Dr. Elizabeth Newkom. left. records data in the stratosphere chamber 

Bringing Down The Stratosphere 

M�N IS splendidly equipped for life 
at sea level, at the bottom of a 

deep ·ocean of air. His lungs work ef
fectively at the concentration of oxy
gen produced by this tall air column, 
the composition of the atmosphere suits 
him admirably, and the temperature 
almost anywhere on the surface of the 
earth permits life without too great dis
comfort. But" man cannot stand the ex
treme cold, the low air pressure, and 
the lack of oxygen which are en
countered at great altitudes. The prob
lem of altitude is one of the utmost 
importance in military aviation; par
ticularly for the pilots of the single
seater fighters or medium sized inter
ceptors which are too small to' permit 
the construction of a pressurized cabin. 
An important research of the day is 
therefore concerned with the physiology 
of high-altitude flight, and the be
haviour of instruments and equipment 
under severe altitude conditions. 

In such research there has been de
veloped an altitude-chamber technique 

'which calls for the combined talents of 
the aeronautical engineer and the medi
cal man. The Vose Memorial High-Alti
tude Laboratory, recently completed by 
the Sperry Gyroscope Company, is 
the most recent and perhaps the most 
fully equipped of the laboratories dedi
cated to this type of research. 
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In Ihe Sperry Gyroscope Company's New High-Allilude Lahoralory Condi

lions .of Low Pressur�. Exlreme Cold. and Oxygen Lack are Duplicaled by 

Means of Vacuum and Olher Equipmenl. Affording a Peculiar Kind of Re

search Ihal Combines Aeronaulical Engineering. Physics. and Physiology 

The work of such a laboratory can
not be. fully appreciated without re
viewing. briefly such matters as the 
properties of the atmosphere, the ele
mentary physiology of breathing, and 
the perils and difficulties of anoxia, or 
shortage of oxygen. Besides a number 
of severely technical works, we are in
debted to Herbert S. Zin's fine book, 
semi-popular, semi-technical in char
acter, "Man in the Air." 

REDUCED PRESSURE-At sea level the 
pressure of the air is equivalent to. that 
of a column of mercury 29.92 inches 
high, or 14.7 pounds a square inch. Such 
figures' constitute an enormous load 
and the reason man can withstand such 
loads is because he endures the same 
balancing pressure within his body as 
externally. With altitude the p,essure 
drops-very rapidly at first, more slow
ly at great heights. Thus, at 8000 feet, 
the pressure is three quarters that of 
sea level, at 18,000 one half, and at 
50,000 only one tenth that of sea level. 

The distribution of the gases in the 
air at sea level is surprisingly uniform, 

winter and summer, pole and equator. 
The atmosphere is a physical mixture 
containing about 78 percent of nitrogen, 
20.95 percent of oxygen, 0.09 percent 
of carbon dioxide. It also holds a small 
amount of water vapor, which is essen
tial to our well-being. The carbon di
oxide is not harmful in small quanti
ties; it stimulates breathing and controls 
normal respiration. The oxygen is an 
essential element of life, since it pro
duces oxidation of foodstuffs in the cells 
of the body and liberates heat. Without 
the beneficient action of oxygen, life is 
impossible. The nitrogen has little ef
fect besides diluting the oxygen, but 
the dilution is highly important: Nitro
gen, like oxygen, is dissolved in body 
fluids and in the blood. It is not readily 
released, but when it is released rapid
ly it becomes a menace. At sea level 
the oxygen alone has a pressure of 
160 millimeters (compared with the 
totC),1 pressure of the air of 760 milli
meters); at 20,000 feet the oxygen pres
sure is only 73 millimeters. Thus alti
tude brings a smaller amount of oxygen 
in each breath, and at the same time 
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the oxygen there is less capable of do
ing its work of penetrating through the 
lining of the lungs to feed the capillaries 
of the, body. 

SIXTY SEVEN BELOW ZERO -The tem
perature also drops, with altitude, about 
one degree, Fahrenheit, for every 300 
feet. When the division between tropo
sphere and stratosphere is reached, at 
around 35,000 feet, the temperature is 
lowered to -67 degrees, Fahrenheit, 
and stays constant thereafter, at least 
for any altitude with which we are 
likely tQ be concerned for many years 
to come. 

' 

Man's adjustment to the lower tem
peratures of high-altitude flying is well 
understood. Cold can' be met by hot 
food, warm Clothing, and, to a certain 
extent, by exercise. But lack of oxygen 
calls for furth�r discussion. Temporary 
adjustment is possible by the healthy 
pilot up to 18,000 and even 20,000 feet. 
At higher levels he loses consciousness 
unless artificial means of supplying oxy
gen are provided. The first symptoms of 
anoxia occur at about 8000 feet and are 
dangerous and insidious, because the 
victim may feel more confident and 
capable than usual, suffering from 
something like an alcoholic jag at a 
certain stage of its development. 

The process of breathing is an un
conscious one, and is explainable in 
physical terms. The oxygen, when in
troduced into the lungs, passes through 
the thin tissues of their air sacs and 
subdivides into the 25,000,000 tubes of 
the bronchial system, each tube end
ing in a dozen or more rounded sacs 
known as alveoli. These 400,000,000 
sacs are arranged like bunches of 
grapes. The oxygen, with its higher 
pressure, passes into the thin walls ; 
carbon dioxide, with a lesser pressure, 
mOY!i!s in the opposite directions. 

Even " after exhaling the lungs , still 
contain six to seven pints of air, �hich 
is known as alveolar air. The one pint 
of air which is taken 'it at each breath ' 
mixes with the alveolar residue. 

What now happens when there is less 
oxygen to breathe, and the oxygen, 

with its lower pressure, loses its pene
trating ability? Pulse rate and rate of 
breathing definitely increase, vision is 
not so keen, sounds seem faint and far 
away. Symptoms of anoxia are cumula
tive and continued exposure makes 
matters worse. At 25,000 feet the pilot 
will feel serious effects in 15 seconds. 
Consciousness will be lost soon there
after. Pilots flying in formation who do 
not use their oxygen masks correctly 
have been known to do the most un
accountable things in the early stages 
of anoxia -they may break formation 
or even attempt to machine-gun their 
own friends. 

There have been almost innumerable 
designs for oxygen equipment. At one 
time liquid oxygen--compact, easy to 
handle, but dangerous -was used. It 
was soon abandoned. Gaseous oxygen 
has proved ' far more' practicable for 
aviation use. Yet" when carried as 
compressed gas in alloy-steel cylinders, 

. it offers another danger -loss under the 
impact of enemy bullets. For this rea
son, oxygen is generally carried today 
in a number of low-pressure tanks. 

Oxygen equipment having rubber 
tubes or pipe stems for taking oxygen 
into the mouth has been tried but the 
process proved' uncomfo�table and 
painful. Masks have been found far 
more efficient. Theoretically, rebreather 

- masks are most desirable, since they 
are so economical of oxygen, but they 
are bulky and require a perfectly air
tight mask. ' Finally, the air services of 
all nations' have agreed upon the de
mand type of mask, in which the flow 
of oxygen is ,regulated by the very 
breathing of the pilot. This mask fits 
tightly over the mouth and nose. A 
sponge-rubber valve and a rubber bag 
.form the essential elements. A rubber 
tube from the oxygen supply line fits 
inside the reservoir so that the steady 
flow of oxygen enters and mixes with 
the air already present. The rate of flow 
is controllable by the pilot. . 

One more physiological consideration 
of high-altitude flight is aeroembolism, 
"the ., bends. " Our blood contains dis
solv�.� nitrogen and so does the body. 

Rapid ascent into low-pressure altitudes 
causes nitrogen and carbon dioxide to 
dissolve out of the body and form 
minute bubbles. These bubbles may 
block circulation of the blood, press on ' 
the nerves, cause terrible pains, and 
produce injury and even death. 

Pressurized cabins avoid all these dif
ficulties, and they can be and have been 
built with great success in air liners 
and high-altitude bombers. Pressurized 
suits have also been developed. Wiley 
Post used one in a number of his cross
country flights. Using pressurized suits 
the British have flown to over ' 53,000 
feet. Pressurized suits have used a 
combination of artificial increase in 
pressure and artificial supply of oxygen. 
Yet all the mechanical difficulties have 
not been solved, and the pilot encased 
in a pressurized suit becomes so bulky 
and heavy that his military potential 

. is lessened. 

WHAT THEY ACCOMPLISH-The pur
poses of high-altitude laboratories now 
become abundantly clear. They are 
used to study electrically heated suits 
and gloves. They serve to do research 
on such vital equipment as air-speed 
indicators, artificial horizons, the auto
matic pilot. They give us a vast amount 
of information on the physiology of 
the flier. They show us how to train 
pilots for maximum endurance under 
high-altitude conditions, and how to 
select those who may safely subject 
their bodies to the strains of the strato:' 
sphere. And, finally, they teach us how 
to circumvent high-altitude effects by 
oxygen masks, by ridding the blood of 
nitrogen before a flight, and in many 
other ways. 

The new Sperry laboratory is ap
propriately dedicated to the memory 
of the late Frederic Blin Vose who, 
after active service in the Navy, served 
the Sperry Gyroscope Company in sales 
engineering and instrument develop
ment, was the first American civilian 
to fly with the RAF over Germany, . did 
much to further precision bomb�ng" and 
lost his life in an. airplane. \!rash on May 
1, J942; 

Experimenters in the high-altitude chamber are under constant observation for reasons of safety as well as of research. The 
illustration at the left is taken from within the air lock at the end of the chamber and shows an observer watching the 
workers through a window. At the right is Dr. Zand outsid� the chamber. but in telephonic communication with the workers 
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The stratosphere chamber is at the lower right. while the refrigerating and de
humidifying' equipment. with its attendant coils. pipes. and pumps. is at the left 

In the Vose Memorial Laboratory, 
high-altitude conditions have been 
duplicated on the ground hy means of 
an insulated steel shell equipped with 
vacuum pumps for varying the atmos
pheric pressure inside the shell to a 
point as low as that existing at 60,000 
feet. Refrigeration equipment makes it 
possible to maintain a temperature of 
-75 degrees, Fahrenheit, with an air 
bleed out of the sheil of 10 cubic feet 
a minute. The main test chamber is 16 
feet long and 12 feet in diameter. 
Welded on to one end is a lock chamber 
eight feet long and eight feet in di
ameter. 

DR. ZAND'S DESIGN-The basic design 
of the laboratory is due to its Director, 
Dr. Stephen J. Zand, who has to his 
credit outstanding achievements in 
many fields of applied science, in the 
design of gun turrets, in the develop
ment of gun sights, in the sound-proof
ing of the airplane, in the development 
of the gyroscopic pilot and, last but not 
least, in high-altitude research. The 
strength of the Vose Memorial Labora
tory lies in the excellent basic design, 
the foresight which makes its operation 
so safe (for example, air can be intro
duced into the chamber simply and 
rapidly whenever this seems desirable, 
and communication between personnel 
in the chamber and outside the cham
ber is always maintained) , in the com
pleteness of accessory equipment and 
experinientation, and, above all, in the 
enthusiasm and skill of the workers in 
the laboratory. 

The accompanying photographs con
vey a conception of the structure of the 
laboratory and of its work. In one 
picture is shown the huge stratosphere 
tank, with the coils, pipes, and pumps 
which constitute the refrigeration and 
dehumidifying equipment. This equip
ment occupies more space than the 
high-altitude tank itself and involves a 
fine application of air-conditioning 
engineering. 

the heavy door and enter quickly and 
safely. There is an added element of 
safety in the fact that Dr. Zand, also 
acting as observer, can watch the whole 
course of a test from the open air and 
take dictated notes, through a portable 
telephone, from the' men inside. 

It is one of the most fascinating 
aspects of the laboratory that it com
bines engineering and physics with 
medicine and the study of the human 
body, and it is a sign of the times 
that the medical supervisor, Dr. Eliza
beth Newkom, is a woman. In another 
of the illustrations, Dr. Newkom is tak
ing data from Irving Hilliard, an 
aeronautical engineer, who is adjusting 
a Sperry automatic pilot. 

F8UI MIJI1JS TWO 

EDliDes IriDg a 

Forlress Rome 

THE FLYING FORTRESS has proved to 
have remarkable powers in bringing 
home its crew after severe hammering. 
Bomber pilots have landed their ships 
in England with tails partially shot 
away, with the fuselage riddled with 
bullets. Some of them have ·. limped 
back with only two of the four engines 
still functioning. In our remarkable 
photograph of the B-17, the latest type 
of fortress, it can be . seen that the 
two port engines (left side, to the un
initiated) are stilled and the propellers 

When workers prepare to enter the 
tank they must be equipped to with
stand intense cold. They therefore don 
the warmest possible underclothing. 
which is supplemented by heavy elec
trically heated outer suits. 

Every science . is drawn into service 
in the work of the laboratory. For ex
ample, in testing oxygen masks a hypo
dermic needle is inserted through the 
soft rubber of the mask to withdraw 
a sample of breath for a test which re
veals instantly if any air has leaked 
in to become mixed with the pure 
oxygen. Again, a photoelectric cell 
mounted near the lobe of the ear meas
ures its transparency to light and thus 
serves as a check on the oxygen content 
of the blood. 

In yet another phase of the work, an 
experimenter, completely equipped for 
ascent to the stratosphere, but prior to 
entering the chamber, breathes pure 
oxygen and pedals on an electric "bi
cycle" for 15 to 30 minutes until the 
nitrogen vanishes from his blood. This 
prevents the possibility of aeroembolism 
in rapid ascent. 

Obviously, work of this kind is not 
open to every man or woman. A severe 
physical examination is given to any
one before he or she is allowed to 
make an oxygen-mask ascent in the 
chamber. But it is only through such 
work that the secrets of high-altitude 
flying are being unfolded. Laboratories 
of this kind, intelligently applied to the 
solution of practical problems, will do 
much to further the cause of strato
sphere flight in the future. 

feathered. Feathered means that the 
blades are turned directly into the 
wind so that they produce the least air 
resistance and the least vibration. 

TRAFFIC CORTROL 

Projecled for 

Posi-War Airways 

M OST optimistic as to the post-war 
future of aviation is Charles Stanton, 
Administrator of ·the Civil Aercnautics 
Administration, who, in his annuai re
view, forecasts a great expansion of 
both scheduled and private flying . .  The 
C.AA. intends to keep abreast of such 

(Please turn to page 43) 

For the sake of safety, workers within 
the tank are under constant observation 
from outside. Another of the photo
graphs shows ,the observer standing in 
the sealed lock in which the pressure 
is somewhat higher than inside the ac
tl1al altitude tank. Should anything go 
wrong with his co-workers at the 
higher altitude, the observer can open Limping home on only two engines. but getting there just the same 
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ELECTRONICS Conducted by K E I T H  H E N N E Y  

Supersonics at Work 

IDaudible Wave Power is BeiDg Used Today to Detect Flaws aDd DeviatioDs 

iD MaDufactured Products, to Measure Underwater Depths aDd Distances, 
aDd to , Detect UDderwater Objects such as Fish. PriDciples Rave BeeD 
Developed Which Bave IDteresting Possibilities for Future ExpaDsion 

IN MANY war plants, workers may 
be seen tapping objects, one after 

another, in front of a microphone. Little 
or no sound can be heard by human 
ears, yet every now and then a light 
flashes and the operator tosses a piece 
aside as defective. 

This is just one of several new tech
niques which utilizes supersonic fre
quencies for inspection purposes in in
dustry. Cracks, differences in hardness, 
changes in dimensions, and variations 
iIi the composition of many materials 
can b,e quickly detected by this method. 

The story behind these new super
sonic developments dates back to pre
war days when research engineers of 
the Vendo Company were concentrat
ing on the problem of detecting slugs 
inserted in their coin-operated beverage 
vending machines. One method pro
posed for slug detection was measure
ment of the sound frequencies given 
off by various coins as they entered 
the machine and bounced back and 
forth. 

Experiments on specimens of vari
ous metals, made into slugs of the same 
dimensions as genuine coins, indicated 
that those slug metals having a lower 
modulus of elasticity than metals in 
genuine coins would vibrate at lower 
frequency. A band-pass circuit of about 
200 cycles was found to be necessary 
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'Amplifier 
and 

\-___ ---1 recfiFier 
-Oscilloscope 

J� Norrn",/ reflecfecP- '-"-ReTlecfion due 
W<l' ve fo Flaw 

Pu l s e  Pc.ttern on  Screen 

Flaw detection by observation of reo 
fleeted supersonic waves. Flaws · in 
the object under test show up as 
extra pulses In the 'scope pattern 

because variations. in thickness of 
genuine coins due to wear required 
some latitude in the detection ap
paratus. A few models of slug ejectors 
using this principle of operation were 
constructed and tested, but develop
ment work was suspended at the start 
of the war. Electronic ' research and de
velopment facilities of the company 
were then utilized to develop instru
ments for inspection of the thousands 
of parts which were produced for the 
various branches of the armed service. 
Supersonic experiments were conducted 
on small items such as bullet cores, 
steel punches, and small caliber car
tridge cases. 

In one method of utilizing sound 
waves for the inspection of materials, 
standard specimens are set into vibra
tion and their tones measured to de
termine the permissible range of tone 
frequencies. Each piece being tested 
is then similarly vibrated and its tone 
checked with electronic instruments or 
by ear when the items are of such 
dimensions that the frequency of vi
bration is audible. Any appreciable 
difference in tone indicates a flaw. This 
method is now in use by various in
dustries for testing files, grinding 
stones, and castings. 

HETERODYNE PRINCIPLE USED-When 
the frequency of vibration extends 
above the audible range (above 20,000 
cycles) , an instrument called an audio
heterodyne amplifier is used for mak
ing the sounds audible. The circuit con
sists of an amplifier in which is con
tained a local oscillator that beats with 
the incoming frequency to produce a 
difference frequency that falls in the 
audio range. This is similar to the 
superheterodyne principle used in com
munications. 

A satisfactory microphone for picking 
up supersonic frequencies is a type 6f 
crystal cell manufactured by The Brush 
Development Laboratories. This cell is 
made from rochelle salt crystals cut to 
resonate at definite frequencies. Other 
types of microphones can also be used 
if the moving element is stretched suf
ficiently to resonate at the desired 
supersonic frequency. 

The types of flaw which produce 

deviations from normal frequency in an 
article are cracks, a change in hard
ness, changes in dimensions, and 
changes in composition. 

When an article is found which can 
be tested by measuring its vibration 
frequency, several good samples are 
procured and a frequency test is made ' 
by striking the article on a hard sur
face, allowing it to vibrate freely, and 
picking up and tabulating the sound 
frequencies. The tabulated frequencies 
are then analyzed and the band widths 

Flaw detection by immersing test 
piece in oil and sending a super· 
sonic beam through it. Amount of 
light reflected from surface of oil is 
proportional to amount of supersonic 
energy passed by the test piece 

established. Some band-width latitude 
is necessary because of small variations 
in dimensions in the articles. 

Next, the production test instrument 
is constructed. It is designed to pick 
out any article which does not have the 
same vibration characteristics as the 
standard articles, regardless of whether 
the sound can or cannot be heard. 

In the circuit employed for this pur
pose by Boley A. Andrews of the 
Vendo Company, the output current of 
the microphone is amplified by a pre
amplifier tube, fed through a- limiter 
tube that cuts off undesired strong 
signal peaks, amplified some more in 
a broadly tuned amplifier stage, then 
fed into a harmonic generator tube 
that greatly distorts signals exceeding 
a certain level, so as to produce many 
higher harmonics of the signals. The 
harmonics which pass through the fol
lowing 175-kilocycle transformer are 
fed through a conventional intermedi
ate frequency amplifier stage to a 
diode detector that provides a D.C. 

voltage for operating a trigger tube. 
This trigger can be used to close an 
alarm circuit, turn on a red lamp, or 
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operate automatic rejection apparatus 
when the supersonic frequency goes 
above or below the permissible limits. 

The purpose of the tuned amplifier 
is to allow only those frequencies which 
are in the prescribed band width to 
reach an amplitude great enough to 
operate the harmonic generator. 

A typical - requirement might be a 
band width of 100 cycles peaked at 
19,500 cycles. The bias supply on the 
harmonic generator is set so that only 
those frequencies which are less than 
about 200 cycles away on each side of 
the peak voltage will produce har
monics. Thus, harmonics are generated 
of these acceptable frequencies only. 
The 9th harmonic of 19,500 cycles is 
175.5 kilocycles, which is in the tuning 
range of standard intermediate-fre
quency transformers. 

The instrument can be adjusted to 
any frequency merely by changing the 
microphone -and the tuned coil used in 
the amplifier stage preceding the har
monic generator. The intermediate
frequency stage can remain the same, 
selecting different multiples of the fun
damental frequencies so as to be within 
the tuning range of the_ coils . •  

DURATION OF SOUND-A second meth
od of flaw detection by supersonics in
volves measuring the duration of sound 
given off by an article when in free 
vibration. This system is now being 
used in its elementary form for testing 
glasses and goblets. It is also used for 
testing the bond between two pieces of 
metals, as in steel-backed bronze bear
ings. In these applications, the testing 
is all done by the ear, and the article 
is struck or dropped to produce vibra-
tions. 

. 

When an object is set into free vibra
tion, the amplitudes of these vibrations 
decrease exponentially. This is due to 
internal friction of the object and is 
known as the damping property of 
vibration. 

The specific damping capacity may 
be determined by measuring the 
logarithmic decrement of vibration. 
This can be obtained by vibrating the 

Recorder , 
" 

Pier 

object first at its natural frequency, 
than at frequencies on each side of the 
peak frequency, and noting the ampli
tudes. 

The apparatus required for this type 
of test includes an audio oscillator, a 
vibrator, an oscilloscope, and a vacu
um-tube voltmeter. The standard speci
mens are first tested and the decrement 
noted. Any object that produces a dif
ferent value of decrement - is rejected. 

A third method used in supersonic 
testing is that in which the supersonic 
wave is actually passed through the 
piece to be tested and the resultant 
reflection or absorption of waves meas
ured. This method is more precise than 
the two previously mentioned systems, 
but is more involved and requires a 
larger amount of apparatus. 

The object being tested is mounted 
on a suitable support, and a quartz 
crystal is attached to one end of the 
test specimen, as shown in one of the 
illustrations. This crystal is connected 
to a high-frequency oscillator that is 
pulse-modulated by a low-frequency os
cillator. A rochelle salt crystal for pick
ing up the pulses is also attached to the 
specimen. . This crystal is connected 
through an amplifier and rectifier to a 
cathode-ray oscilloscope for visual ob,. 
servation of the reflected waves trav
eling along the test specimen. 

The test is conducted first on several 
standard specimens, and the reflected 
waves are noted on the oscilloscope 
screen. The pattern is a series of re
flected pulses which occur at frequent 
regular intervals when the specimen 
is flawless. If a flow exists, there will 
be in the pattern an extra pulse which 
is not obtained with a good specimen ; 
this is indicated by the dash-dash 
curve in the illustrated pulse pattern. 

In a variation of this method, a quartz 
crystal which is connected to a super
sonic-frequency oscillator is submerged 
in a pool of oil. The crystal will send 
sound waves vertically upward in a 
beam. At the point where the beam hits 
the surface of the oil, a light ray is 
focused and is reflected on a screen. 
The piece being tested is immersed in 

Tn:msmiffing . _  oscillator - -. Receiving 
.= :. Oscillator 

Supersonic harbor tide-recorder. Both oscillators are on ocean bottom. and the 
supersonic waves travelinq throuqh the water are reflected downward from the 
water-air junction. Associated equipment measures the time required lor the wave 
to travel from bottom to surface to bottom. converts this data into measurement 
of the tide level. and records the result on paper tape at re'1ular \tlt"rvqls 

JULY 1944 SCIENTIFIC AMERICAN 

Supersonic instrument developed by 
the Vendo Company for inspectinq 
steel punches. Punches are tapped 
on the anvil just under the qrllle 
protectinq the crystal microphone. 
If the supersonic vibration frequen
cy of a punch is outside the pre
determined wave band. Indicator 
lamp is automatically turned on 

the oil and placed in the sound beam, 
and the variations in the intensity of 
the reflected light on the screen are 
used as an indication of the quality of 
the specimen being tested. This meth
od was used experimentally by Soko
logg of U.S.S.R. in 1934. More recently, 
it has been tried for inspecting tires 
immersed in a tank of water. It was 
hoped that any change in the trans
missibility of supersonic waves through 
the tire as it was slowly revolved in 
the tank would indicate the presence of 
flaws, but early results proved di�
couraging; Small flaws such as aIr 
bubbles did not change the absorption 
sufficiently to permit detection, but 
post-war research may well solve the 
problem and even 'put supersonic tire
testers in every garage. 

WAVE GENERATION-Many methods of 
generating supersonic waves have been 
developed. Perhaps the commonest is 
an oscillating quartz crystal in a vacu
um-tube circuit initially developed by 
G. W. Pierce. A piezo-electric source 
was developed by the French physicist 
Langevin for transmission of waves up 
to 50 kilocycles in sea water for sub
aqueous signalling. An oscillator mak
ing use of the magnetostriction prop
erties of such materials as nickel or 
iron-nickel alloys is cheap and easy to 
build but has a practical upper fre
quency limit of about 60 kilocycles 
when appreciable amounts of power are 
required. The Galton whistle ca� be 
designed to produce frequencies as 
high as 100 kilocycles, and is usually 
built with a micrometer screw adjust
ment of pitch. Finally, the Holtzmann 
mechanical supersonic generator uses a 
glass tube clamped at its center and 
set into oscillation by friction of two 
moving silk-covered leather belts. 

Some of the most striking experi
mental results obtainable with super,. 
sonic waves . depend on the relatively 
large amount of power which is associ� 
ated with supersonic waves of moder
ate amplitude. Wav�s have been gen-
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erated in an oil bath by usinll a 
piezo-electric quartz crystal at 50,000 
volts and a frequency of about 300 kilo
cycles. A radiation pressure estimated 
to be equal to 150 grams was obtained 
-enough to raise the free surface of 
the oil into a mound seven centimeters 
high. , 

Without especially large vibrations, 
it is possible to transmit enough super
sonic en&rgy through a small rod so 
that a painful burn is obtained if the 
rod is squeezed with the fingers. An
other direct application of supersonic 
energy is in making unusual and very 
fine emulsions. 

Reflectors of convenient dimensions 
may be used to focus supersonic en
ergy or reflect it from a point source 
such as the end of a magnetostriction 
rod. Whereas with audible frequencies 
it is difficult to limit echoes and un
wanted reverberations, with supersonic 
waves the apparatus is small and the 
reflections can be easily handled. 

An immediate demonstration of the 
realness of the elastic waves that travel 
through a liquid excited by a super
sonic source is furnished by a change 
in the optical properties of a liquid 
which is so disturbed. Points along the 
wave at which the medium is most 
compressed may become ne:;trly opaque. 
The presence of the supersonic waves 
causes the liquid to act like a diffrac
tion grating and the light is diffracted 
into its characteristic spectrum. 

DISTANCE MEASURING-The transmis
sion of sound waves through water for 
distance-measuring purposes is not 
new. Lighthouses equipped with radio 
transmitters and submerged hydro
phones frequently send simultaneous 
radio and sound signals to ships at sea. 
The radio signal arrives almost in-

HIGB-SPEED SOLDEBIJIG 

Accomplished Safely With 

Radio-Frequency Beal 

SMALL metal containerl! used for ca
pacitors are being soldered with radio
frequency power at the rate of 2500 
units per hour per operator. The con
tainerl!, with bottoms and rings of solder 
in place, are carried by a moving belt 
through an applicator coil where local
ized heating induced in the metal 
causes the solder to flow and seals the 
bottoms without endangering the ca
pacitor. 

AREA MEASURER 

Makes Use of an 

Eleclronic Calculalor 

AN ELECTRONIC instrument for measur
ing areas of flat sections of material 
is now in use for determining the size 
of leather hides in the leather industry 
and for measuring pattern layouts in 
the textile industry. Other possible 
applications include measurements of 
the area of ink on printed matter and 
measuring the surface enclosed by pin-
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stantaneously, while the underwater 
sound signal travels at the approximate 
rate of 4800 feet a second in salt water. 
By measuring the time interval be
tween reception of radio and s01md 
signals, the ship's officer may readily 
calculate his distance from the shore 
station. 

In a similar manner, a ship can trans
mit a sound signal downward to the 
sea bottom and measure the time be
tween transmission of the signal and 
reception of the echo reflected from 
the bottom. Supersonic waves could 
just as well be used for this purpose. 
In any event, the time interval is very 
small, a tiny fraction of a second, and 
its method of measurement must con
sequently be fairly precise. 

Sonic methods of sounding have been 
in use for a number of years, but the 
equipment has been relatively compli
cated. Recent advances in design, 
utilization of electronic equipment, and 
successful employment of supersonic 
waves have brought the equipment 
into quite general use in at least one 
European country, not only for sound
ing but also for detecting underwater 
objects. Large fishing boats equipped 
with these electronic fathometers have 
been able to detect schools of fish 
swimming many fathoms under water, 
and increased hauls have undoubted
ly quickly paid for the extra equip
ment. 

The complete story of new supersonic 
applications for use in industry and at 

. sea must wait until restrictions of mili
tary secrecy are lifted, but here as in 
other fields of electronics the future 
possibilities are bright. With applica
tions already ranging from slug-de
tectors to fish-finders, the list of pos
sible future applications promises to be 
quite long and interesting. 

pricks on perforated layouts and out
lines. 

The hide or other object to be meas
ured is inserted between rollers that 
transport it through the machine de
veloped by the Stockton Profile Gauge 
Corporation. Extending parallel to the 
axes of the rollers is a long narrow 
slot. As the skin passes across this slot 
it comes into the path of a scanning 
beam of light · that travels back and 
forth in ' the slot. 

Since the rate of movement of the 
beam and the rate of feed of the skin 
are known, the area of the skin can 
readily be calculated, when the total 
time interval during which the beam 
is on the skin is found by the phototube 
system. 

The area of the skin is calculated 
electronically. Phototubes are positioned 
above the skin to pick up reflected 
light, or under the skin to pick up 
transmitted light, depending on which 
arrangement gives the greatest change 
in light when the beam moves onto the 
skin. Electron-tube amplifiers and in
dicator lamps provide five electronic
counter visual columns of ten counts 
each. The numbered lamps flash on pro
gressively from the top of a column 

as each impulse is received from the 
photo-electrical equipment in the 
scanning machine. 

Many uses are possible for such a 
high-speed counter. For example, the 
speed of missiles could be determined 
to one fourteen-thoul!andth of a sec
ond by having the missile pass through 
two loops spaced a definite distance 
apart. One loop would start . to count 
pulses from a fixed-frequency genera
tor at a predetermined rate, and the 
second loop would stop the count when 
the missile passed through. 

BOTTLE IJISPECTIOK 

Speeded Up by 

Use of Pholocells 

P HOTOTUBES have been used for sev
eral years for the detection of foreign 
ingrediehts in the bottling of soft 
drinks. A modified and faster system 
that contains a number of photocells 

�onveyor 

Photocells 

Movinq a series 01 photocells in 
synchronism with obiects being elec· 
tronically checked. as exemplified 
by the bottle-contents inspection 
set·up illustrated. is a scheme thaI 
may well be applied. with varia· 
tions. to other practices. where 
speed and accuracy are requisites 

mounted on a roller chain has been de
signed for . the Coca-Cola Company by 
George P. Stout. 

The roller chain carrying the photo
cells is driven by teeth positioned 
around the outside edge of the revolv
ing turret carrying the bottles. As 
the turret revolves, the teeth engage 
the roller chain so that bottles adjacent 
to the teeth travel in synchronized 
relationship with individual photocells 
for the necessary interval during the 
inspection period. When a bottle be
comes alined with a photocell, the 
beam of light from a lamp passes 
through the whirling contents of the 
bottle onto the cell. If the beam is 
interrupted by a foreign particle in 
the bottle, this change is registered by 
the cell. The resulting electrical impulse 
is amplified by electronic means and 
caused to operate a mechanical method 
of rejecting the objectionable container. 
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CHEMISTRY IN INDUSTRY Conducted by D .  H .  K I L L E F F E R  

Insects CaD Be CODtrolled 

New Weapons and New Melhods 01 Using Them Have Been Developed by 

the Chemical Induslry. Many 01 Ihese HIVe Greal POlenlialilies in the 

Commercializalion 01 Disease-Bidden Areas Where Insecls Bave Formerly 
Prevenled Human Exploilalion 01 Rich Nalural Resources 

BY-VICTORIES of this global war will 
do things to and for us long after 

victories on the field of battle are for
gotten. Along with the struggle against 
the human enemies goes another less 
publicized but no less fateful war in 
test tubes and garden plots against our 
insect enemies. That war, too, moves 
swiftly to new victories, promises new 
freedom from disease, and new fruit
fulness for farms, orchards, and vine
yards. 

Miracles in curing disease i"n this 
war year parallel important successes 
in its prevention. The nature of the 
conflict has taken ' armies and navies 
into unaccustomed places where strange 
insects carry dread diseases. Our men 
must be protected from insects as well 
as from human foes lest the disease 
records of old wars be repeated now 
on a much grander scale. To insure this 
protection we have developed new 
weapons and new and more effective 
techniques for using them. This sec
ondary war of chemists and entomolo
gists has already chalked up victories 
of its own, significant alike to the 
armed services in the field and to gen
erations to come. Mosquitoes, body 
lice, and a host of other disease-bear
ing insects face new weapons of un
precedented power in the future. Other 
insects, which in devouring hordes 
have ellten or destroyed the produce of 
our farms, also face destruction by 
new weapons, by-products of war, 

One can scarcely over-estimate the 
significance of new preventive meas
ures developed in the fight against in
sects. The familiar historical example is 
the building the Panama Canal by 
exterminating the mosquito that carries 
yellow fever. This great extermination 
project involved an engineering enter
prise too great to be repeated today 
in all the myriad small islands of the 
Pacific, the jungles of Africa and Asia, 
or the slums of great cities. Yet the 
need now is much greater. Modern 
swift transportation by air brings all 
the pest-ridden _ areas of the world 
within a few hours of dense centers 
.f population and thus exposes every
one to all the world's diseases by the 
chance inclusion in any cargo of dis
ease-bearing insects. In this increasing-
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ly grave situation the need for effec
tive means to combat plague carriers 
is clearly pressing. 

Vast areas of fertile soil and fruitful 
climate are prohibited to man by well
established insect families carrying dis
eases. Areas of Africa in which sleep
ing sickness (trypanisomiasis) forbids 
human exploitation are among the rich
est in the world agriculturally and 
mineralogically; yet the tsetse fly which 
carries the disease flourishes there in 
such abundance that men cannot sur
vive. Similar areas elsewhere are so 
malaria-ridden as to be equally im
possible of human development. The 
great potentialities of these regions sug
gest that the conquest of these diseases 
may well have an effect on the future 
human welfare equalling or even sur
passing that of the discoveries of all 
the explorers of the Renaissance. Much 
of that promise seems now to be on the 
brink of realization. . 

COMBINED EFFECTS-No single discov
ery or development will achieve the 
whole result, but the combined effects 
of several, now awaiting the end of 
hostilities to go into action, promise 
much in that direction. Curative medi
cine is making vast strides, but pre- . 

vention also keeps pace. It is worth 
while in the light of these global prob
lems to look into insecticides as pre
ventives. Their probable effects on the 
future stllndard of living are vital in 
countries now backward in their de
velopment because of insects and in
sect-borne diseases. 

One of the most important results 
of this war is the proof that it is giving 
people everywhere that insects can be 
conquered, that the diseases they carry 
are far from inescapable. The materiah 
and methods used in this fight against 
insects and disease have undergone 
extraordinary development under war's 
lmpetus and we, already accustomed 
to the use of insecticides, are in for 
some important surprises at war's end. 

Certain insecticides in Inixtures of 
two or more substances have been 
shown to accomplish substantially 
more than either alone or than the ex
pected sum of the actions of the two 
together. This action, called synergy, 
finds amazing demonstration in some 
of the substitutions and econoInies 
undertaken as makeshifts to offset war
created shortages. The basic fact that 
mixtures are sometimes more ' effective 
than single materials is not new. Many 
years ago the convenience of mixing 

Dustinq a southern colton field 10 protect il aqainsl -�01l weevil 
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intensely cold dry-ice with highly vola
tive ethylene oxide was discovered 
to be a more convenient means of in
troducing the latter into grain elevators 
to kill weevils. Actually the mixture 
is more effective than ethylene oxide 
alone, even though carbon dioxide 
alone is relatively ineffective. But the 
explanation was long considered to lie 
in the low temperature of application 
which prevented dissipation and loss of 
the toxic ethylene oxide. Recent dis
covery of other similar cases of extra
ordinary action of mixtures has led 
to a search for more cases with ,new 
vigor. The name, synergy; borrowed 
from medical terminology, signifies 
working together and defines actions 
where two and two make five or more 
instead of the usual four. The whole 
category of insecticides is being re
examined to find new similar ways to 
stretch the effectiveness of limited 
supplies of many of these valuable 
agents now available. 

-

And not without significant successes. 
Pyrethrum flowers, formerly grown 
principally in Japan, supply one of our 
most effective common insecticides. 
The extract of pyrethrum, pyrethrin, is 
highly toxic to insects but relatively 
harmless to man, and hence is the basis 
of common fly sprays and like mate
rials. But the flowers were and are 
stringently scarce and every means 
possible has had to be sought to con
serve and to stretch our meager supply. 
Sesame oil, expressed from the sesame 
seeds, produces a remarkable increase 
in the effectiveness of pyrethrin and 

allows smaller concentrations to be 
used without reduction of killing power. 
That gave the seekers for synergies 
new hope and led to the discovery that 
this action of sesame oil is quite gen
eral. Further investigations brought to 
light a series of synergetic actions of 
other insecticides, until present in

' formed opinion looks primarily to this 
phenomenon as vital in devising new 
weapons against our insect foes. Sev
eral of the new synthetic insecticides 
and insect repellents discussed below 
possess strong synergetic action as one 
of their important values. 

BOMBS AGAINST INSECTS-Much atten
tention has also been given the aerosol 
bomb as a method of distributing in
sect-kiiling prpducts more effectively 
than ever before. In principle, this 
consists of a solution of the insecticide 
in a liquid so volatile that it can - be 
kept liquid only under pressure. When 
the outlet of the steel cylinder con
taining the solution is opened, the so
hition rushes out under pressure and 
evaporates instantly as it reaches the 
lower pressure of the , atmosphere. This 
has the very desirable effect of blast
ing the dissolved insecticide into drop
lets far finer than can be produced 
by any atomizer of the usual type. 
The size of the infinitesimal droplets 
is so small that they behave almost as 
a gas and diffuse with great speed and 
thoroughness into all parts of the en
closure in which they are thus re
leased. Since the dose of insecticide re
quired to kill a single insect is also in-

In this pest·control research laborCltory mamtained by Du Pont. actual field con· 
ditions are closely paralleled. The light from the large lamp simulates sunlight 
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finitesimally minute, this method of 
super-atomizing the killing mixture is 
especially effective and stretches the 
available supplies of scarce insecti
cides far beyond their usual range. The 
solvent used is dichloro-difluoro-me
thane, familiar as Freon in the electric 
refrigerator, chosen for this purpose be
'cause it is non-toxic and non-flam
mable. The most common insecticide 
dissolved in Freon in the bomb is a 
synergetic mixture of pyrethrin and 
sesame oil. However, the method can be 
equally well applied to others, including 
DDT discussed further below. 

Delousing clothing of soldiers, a pon
derous operation as conducted in World 
War I, when great steam sterilizers 
were employed, has been greatly sim- , 
plified. Methyl bromide, long used 
against weevils in grain elevators, has 
proved to be effective also against 
"cooties" and its use requires a mini
mum of equipment. The clothing to be 
freed of insects is put into a closed 
gas-proofed bag and methyl bromide, 
which evaporates readily, is released 
in the bag as a gas by merely- breaking 
a small glass ampoule containing it 
under pressure. Insects are killed in 
short order. 

Most discussed of the new compounds 
risen to prominence in war service 
is dichloro-diphenyl-trichlororethane, 
shortened to DDT for obvious reasons, 
but also called Gesarol. This compound 
has remarkable power to kill insects, 
particularly body lice-the "c6bties" of 
World War I. Prevalence of, typhus, 
carried by body lice, in the Mediter
ranean theater of this war has empha
sized its value. Clothing dusted with 
DDT powder is immediately freed of 
lice and retains this killing power over 
a considerable period of time. DDT's 
effectiveness now in war may well be 
overshadowed by its vafue, as yet un
utilized, in peace. Painstaking in
vestigations conducted by the Bureau 
of Entomology and Plant Quarantine 
of the United States Department of 
Agriculture have shown it to be sig
nally effective against many of the most 
destructive insects that feed upon the 
growing crops of our farms. And that is 
important. Insects eat and destroy 
something like two billion dollars 
worth of crops annually in the United 
States alone. In controlling these pests, 
the effectiveness of DDT has proved to 
be so great that entomologists are al
ready counselling caution. , Its general 
use, they fear, may destroy friendly in.,. 
sects as well as destructive ones, bees 
as well as boll weevils. 

THREE IN A MIXTURE-Three other im
portant additions to our weapons 
against insects have come into special 
prominence. Dimethyl phthalate, de
rived from methanol (wood alcohol) 
and phthalic anhydride, an important in
gredient of alkyd resins and made from 
naphthalene, has proved particularly 
useful in repelling mosquitos and is 
harmless and almost odorless when 
rubbed on the skin. Ethylhexanediol, 
known also as 612, has similar value 
and a new compound derived from 
mesityl oxide and butyl oxalate and 
called Indalone, ,�� also valuable for 
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Courtesy Westinghouse 
A soldier demonstrates how the 

insecticide bomb is used for defense 

aqainst malaria and yellow fever 

similar purposes. In mixtures, these 
three materials appear to be synergetic 
and are far more effective than any of 
them alone or any mixture. 

These are outstanding among cur
rently important developments in the 
field. Older materials, rotenone par
ticularly, are, like these, stringently 
short and under strict control until 
war's end. 

It is too early yet to be sure of the 
future usefulness of these new meth
ods and weapons against insects, but it 
is clear that they combine to give new 
power to our fight against insects. One 
would be foolish indeed to expect them 
to replace permanently and completely 
the customary insecticides. But obvi
ously . they will supplement existing 
materials and techniques to make them 
all more effective. They will thus be 
immediately useful to agriculture. 
Their long range value may be confi
dently expected to lie in opening new 
areas to safe human habitation and ex
ploitation. Already, backward peoples 
everywhere are learning that insects 
and diseases carried by them can be 
controlled. Soon they will demand help 
in this respect and will thus be able to 
raise their own standards of health and 
of living. 

FLUORINE IN TOOTH DECAY 

Conlrolled Experimenl 10 
Delermine Real Valae 

T RACES of fluorine in water supplies 
have been shoWn to reduce the tendency 
of teeth to decay, but positive and final 
proof has been lacking. This is now to 
be . obtained by a gigantic experiment 
involving the population of two New 
York State cities and extending over 
ten years. Undertaken under the eye of 
the New York State Department of 
Health, the experiment consists of add
mg one part per million of sodium 
fluoride-an amount too small to be de
tectable by ordinary means-to the wa-
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ter supply of Newburgh, New York. 
The neighboring city of Kingston, hav
ing a similar water supply but without 
natural or added fluoride, will serve 
as a check. A careful inspection of 
teeth of school children and others in 
both cities will be made periodically 
by . dental officials and the results tabu
lated and compared. The experiment is 
expected to demonstrate within ten 
years the value, or lack of it, of fluorine 
in preventing decay of teeth. It is being 
undertaken to learn whether this or 
some other factor is crucial in areas 
already shown to have low rate of tooth 
decay and traces of fluorine in water 
supply. 

PENICILLIN PRODUCTION 

Has Greally Reduced 

Cosl of lhe Drug 

PRODUCTION of penicillin has soared 
to a point where the output in March, 
1944, was a hundred times that in the 
first five months of 1943. Civilians are 
promised supplies of the new drug suf
ficient "to treat all urgent civilian cases 
in the rellltively near future." The price 
of penicillin has dropped from an origi
nal figure of $20 per 100,000 Oxford 
units to $3.25, a reduction of 84 percent 
in a year. In terms of treatment of dis
ease, the present price of penicillin 
means that the cost of the drug re
quired for a severe case of septicemia 
is about $35 and for . sulfa-resistant 
gonorrhea, less than $5. In spite of this 
progress, the actual weight of the drug 
produced is still small. The completion 
of the present plant building program 
is expected to raise the daily output of 
all plants-costing about $20,000,000-
to some nine pounds per day. 

COTTON COMPETITION 

Can he Mel hy 

Inlroducing Economies 

AMERICAN cotton growers have more 
to fear from the inroads of synthetics 
than from foreign grown cotton, Ran
some Aldrich, president of the Missis
sippi Farm Bureau Federation, told the 
National Cotton Council at its 1944 an
nual meeting. Cheaper production of 
cotton is necessary to meet the growing 
threat from rayon, he stated. World 
rayon production in 1943 reached the 
equivalent of eight million bales of cot
ton and is still growing. Economies in 
cotton farming can take the forms of 
better, wider, and more efficient use of 
fertilizers and insecticides, and of 
mechanization of agricultural opera
tions. 

ACTIVATED CARBON 

Now Being Produced from 

Biluminous Coal 

BITUMINOUS coal has been converted 
by treatment with chlorine into an 
activl).ted carbon equalling or superior 
to that formerly made from coconut 
shells. The operation is still in the early 
experimental stages · but preliminary 
tests suggest high value for the prod-

uct. The coal, crushed to pea size, is 
heated and treated with gaseous 
chlorine, producing hydrochlone · 'acid 
and carbon tetrachloride as by-prod
ucts. The chlorinated coal is pelleted, 
baked to produce the required hard
ness, and crushed to the desired size. 
Subsequent activation is accomplished 
by treatment with steam at bright red 
heat. The final product exceeds the 
specifications of the Chemical Warfare 
Service, by which such materials are 
judged, and is expected to have impor
tant applications . in industry for de
colorizing and purifying. 

QUININE SYNTHESIZED 

Bul May Nol Gel inlo 

Produclion in War-Time 

SUCCESS in one of the longest and 
most persistent searches of chemists 
was ' realized recently with the an
nouncement of the synthesis of quinine 
by two American chemists, Robert B. 
Woodward, of Harvard University, and 
William E. Doering, now of Columbia 
University, consultants for the Polaroid 
Company. Details of the synthesis in
clude a long series of successive steps 
leading to the final product. The discov
erers in their announcement state that 
there is doubt whether their process 
cl).n be put into production in war-time 
and they do not estimate costs.  

' 

The problem of synthesis of quinine 
has been unfinished bU!jiness with 
chemists for more than a century. One 
of the early attempts to produce this 

ChemJsts Woodward (left) and Doer. 

inq. pioneers in synthesis of quinine 

important alkaloid led Sir William Per
kin to produce the first synthetic dye 
in 1856 and thus laid the foundation 
of the modern dye industry. Numbers 
of chemical compounds studied in the 
long course of the search have proved 
highly valuable in fighting malaria, 
principal use of quinine, and for other 
purposes. Atabrin and Plasmochin, 
two trade-marked synthetics, have 
proved particularly valuable during 
the dearth of quinine caused by seizure 
of the Netherlands East Indies by the 
Japanese in this war. But none of the 
compounds heretofore produced has 
exactly duplicated quinine as the pres
ent one is said to do. 
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E.'IIEEBlBG Conducted by E D W A R D  J .  C L E A R Y  

Highways Alter the War 

WHAT FORM will our highways take 
after the war? Will the new ones 

be similar to those built just previous 
to the war, or can we expect to see 
the widespread construction of a net
work of superhighways similar to those 
visualized by Norman Bel Geddes in 
fue General Motors' Futurama at the 
New York World's Fair? 

Such questions arise in the minds of 
many people who attempt to look be
yond the war to the day when tire and 
las rationing will be but a bad dream 
and when war bonds can be converted 
into new automobiles to be used at will. 
The answer appears to be that the 
dream highway of the Futurama type 
will still be dream highways and that 
post-war highway designs will not de
part radic�ly from the types with 
which we are familiar. 

The . dream highways of men whose 
thinking is unhampered by practical 

.considerations have been shown on 
analysis to be of less real service to 
the public than the simpler designs 
of highway engineers experienced in 
fitting abstract theories to practical 
limitations. This is not to say, however, 
that the post-war years will not see 
many major improvements over exist
ing highways and the construction of 
many miles of superhighways such as 
the Henry Hudson Parkway at New 
York, the Outer Drive at Chicago, the 
Detroit Expressway, and the Arroyo 
Seco Parkway at Los Angeles. 

There are two main reasons for this 
conclusion that the early post-war 
years will bring no radical change in 
highway design. The first is that our 
state highway departments :will . come 
to the end of the war with a vast ac
cumulation of urgent replacement 

Wabersh Ra/l� 

Shorl-a •• l MOlor·Vehicle Traflic lequiremenls Will Probably DomiDaie 

PosI·Wu PlaDDing ia Ihis Field. The leporl 01 Ihe Inierregio�1 Bighway 

Commillee Shows Ihe Tread Which May Be Expected. Separalion 01 Trallic 

Flew and Elimiulioa 01 Grade Crossiags are Imporlanl Elemeals 

B y  V .  T .  BOUGHTON 
AlIOOelate Editor, Engineering New.-Rscora 

work that must be done to keep the 
highways we now have in safe operat
ing condition. These departments are 
now engaged in making plans for that 
work and for such new construction as 
is urgently needed. 

The situation with respect to roads is 
not unlike that with respect to cars to 
operate on those roads. Replacement 
of worn-out vehicles will be the major 
problem of the automobile manufac
turers as soon as they can resume nor
mal operations, and the speediest way 
to replace is to' work to existing de
signs, letting experiments with new , 
models wait. 

SHOllT-HAUL TRAme-The second 
consideration that will control post
war highway work is even more basic. 
It finds its origin in the fact 'that 85 
percent of all trips ·by automobile are 
for distances less than 20 miles. Long
distance travel that would be served by 
superhighways running from coast to 
coast and from the Canadian border 
to the Gulf states and Mexico, which 
have been proposed by visionary high
way planners for many years, actually 
would serve only a small percentage of 
the population. The nation's greatest 
need, as anyone who drives a car in 
the densely populated areas will recog-

nize, is for better highways into and 
through our centers of population. 

If the post-war transportation situa
tion is viewed broadly, a clear indica
tion will be found that the percentage 
of long-distance auto travel after the 
war may decline , rather than increase. 
Without doubt, air transport will go 
forward with great strides after the 
war, and its chief service will .be to 
long-distance travel needs. Also; the 
railroads are becoming acutely aware 
of the wants of the traveling public', 
Hence, post-war transportation trends 
may be expeCted to emphasize the need 
for better highways to serve the short-, 
haul traffic in ' and around our cities. 
, Construction of highways into and 
through populated regions is .a great 
and costly undertaking that cannot be 
inaugurated quickly and pushed to 
early completion. Involved is the pur
chase of wide rights-of-way through 
built-up communities, removal ' of 
buildings on those rights-of-way, 
changes in utilities, and the construc
tion of four- and six.;.lane roads, 
which generally must be depressed or 
elevated to eliminate all grade cross
ings and therefore require an abnor
mally large amount of bridge con
struction per mile. 

Much study \ is being given to this 
type of highway, and those that are to 
be built will have incorporated in 
them the latest ideas in highway de
sign. Many will be what are known 
as limited-access highways, that is, 
highways which can only be entered 
or left at certain designated points, In 
a number of instances, this will result 
in the construction of parallel roads to 
serve the adjoining properties cut off 
from free access to the main road. 

Where these highways are to be built 
through highly developed regions, an 
effort will be made to disturb the ex
isting developments as little as possible. 
Where they lie through run-down 

Inatead of the "cloverleaf" InteraeotloDa bunt In the period Just after World Waf 
I. thOle buDt followlnq the preeDt 'Waf will probably be dHlqDed for "dlrectlOllCll 
flow" of trafftc a!mUar to the deliqD of the Detroit Inc;lustrlal Expreaaway. above 

, areas in -large cities, much thought is 
being given to proposals to make them 
the starting point for a rejuvenation 
of those areas. In some cities it has 
been proposed to take rights-of-way 
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Sodlum-vqpor lamps were Installed t.o light intersec::tions 

on the Pennsylvania Turnpike. The post·war era may see 

some radically new applications of fluorescent lighting 

A three-level crossing at the Ford Willow RUD plant 011 
the Detroit Industrial Expressway. This highway was de· 

signed as the initial part of ci future Umlted·access road 

much wider than actually needed for 
the highway, in order to be able to 
control the redevelopment of the area. 

Also having a significant bearing 
on what highway work will be under
taken after the war is the fact that the 
Interregional Highway Committee, set 
up by the President in 1941, has sub
mitted its report to Congress, propos
ing that ' after the war an immediate 
start be made on the development of 
a 33,920-mile system of interregional 
highways as part of the so-called fed
eral-aid highway system. This proposed 
system will not be made up entirely 
of additions to our present highways ; 
in large part it will be created by the 
reconstruction or relocation of exist
ing highways. Many limited-access 
roads will be part of that system. 

TOLL ROADS FROWNED UPON-Few toll 
roads, of which the Pennsylvania Turn
pike is an outstanding example, will be 
built after the war. Congressional road 
policy has · long been opposed to toll 
roads on the basis that state and federal 
funds used to build highways now 
come in larger part from gasoline and 
motor-vehicle taxes, hence the road 
.users already have paid for the high
ways through such taxes. It is of inter
est to note that the Pennsylvania 
Turnpike is not included in the Inter
regional Highway System plan, pre
sumably because it is a toll .road. 

Motor parkways were built in some 
parts of the country in pre-war days 
largely for recreational use, but also to 
facilitate long-distance ' travel by priv
ate automobiles. Some further extension 
of these highways may be expected 
after the war, but it probably will be 
only in regions where special consid
erations such as a predominance of 
pleasure driving make that necessary. 
Roads of this type, such as the Merritt 
Parkway in Connecticut and the East
ern State Parkway in New York, rough
ly paralleling the Boston Post Road 
and the Albany Post Road, respective
ly, have been a great boon to private 
automobile drivers wishing to escape 
the dense commercial traffic on the 
older roads, yet they have not solved 
the traffic problems on the older high
ways. Those roads must still be rebuilt 
or supplemented by parallel highways 
open to alI types of traffic in order to 
enq . the intolerable traffic congestions 
and accidents in the communities 
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through which they pass at present. 
This condition serves again to em

phasize the fact that · it is the short
distance movement of either private or 
commercial vehicles that make up the 
great bulk of road traffic. 

Probably the best indicator of de
sign trends is the report of the Inter
regional Highway Committee, which 
set the basic standard for the highways 
that are to make up that system. 

AlI rural sections of the system are 
to be limited-access highways, and on 
all sections where ' the average daily 
traffic exceeds 5000 vehicles, all cross
ings with other highways or railways 
are to be separated. Where four or 
more traffic lanes are required, two 
distinct one-way roads are to be pro
vided rather than a single divided 
highway. 

An example of this type of separated 
roadways is found in the newer sec
tions of the Eastern State Parkway in 
New York on which, in hilly country, 
the opposing traffic routes at times are 
so far separated as to be out of sight 
of each other. , 

Curvature on the inter-regional high-

Modem practice in the construction 

of main highWays through buill·up 

areas Is to depress the roadway be, 

low intersecting streets. to restrict 

access to points where ingress and 

egress will not interfere with high. 

way traffic. and to provide parallel 
roads which will serve local needs 

way is to be kept as flat as possible, 
and all but very flat curves are to be 
superelevated to permit comfortable 
operation around the curves at high 
speed. No speed limits. are set, but the 
design speed used in fixing curvature, 
superelevation, and sight distances 
range from 50 to 75 miles an hour, de
pending upon the character of the 
country-whether flat or mountainous. 

At least two 12-foot wide traffic lanes 
in each direction are to be . built on 
the inter-regional system on all rural 
roads carrying from 3000 to 15,000 ve� 
hicles. a day. Not more than three lanes 
in

' 
each direction are to be provided on 

roads carrying more than 15,000 . ve
hicles a day_ Opposing traffic on these 
latter roads must be separated by 
median zones not less than 15 feet wide. 
Shoulders, except in mountainous ter
ritory, are to be 10 feet wide. 

Advertising signs and alI structures 
are to be kept out of a zone 100 feet 
wide beyond the edge of the pavement 
by outright purchase of the land or by 
acquisition of highway development 
rights. It is proposed that, wherever 
possible, there be public control along 
the interregional highway system 
over a strip of land at least 300 feet 
wide. 

At the separated intersections with 
other highways, where interchange ' is 
permitted, acceleration and deceleration 
lanes are to be provided outside the 
regular traffic lanes. Sharp turns re
quiring sudden reductions in speed on 
these interchange roads are to be 
avoided, and the designs are to be such 
that diverging' lanes are to follow as 
closely as possible the normal direction 
that a vehicle would follow in moving 
from the main highway to the inter-
secting highway. 

' 

PROTECTING PEDESTRIANS-Pedestrians 
are not to be permitted on the pave
ments or shoulders. In rural areas, 
where necessary, pedestrian paths and 
overpasses are to be provided. In ur
ban sections, sidewalks will be pro
vided along the parallel service streets. 

It is too early to predict what high
way lighting developments after the 
war will be, because the strides made 
in the development of fluorescent light
ing for war plants seems to indicate 
that there will be much wider use of 
that type of lighting after the war. 
Such a development i! bound to have 
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its effect · on highway lighting. Indica
tive of this is the design of a bridge 
being made for the California Highway 
Department in which the sidewalks and 
roadways are to be lighted by fluores
cent tubes underneath the handrails 
and so placed as to light the roadway 
an<;l walks without being visible to 
automobile drivers. This development 
is more fully described and illustrated 
elsewhere on this page. 

All in all, such factors in highway 
construction as will contribute to pub
lic safety and convenience will appear 
largely in post-war planning, with em
phasis on practical rather than spec
tacular aspects. 

BARGES 

Have Welded Sieel Frames 

Encased in Concrele 

A NEW type of barge consisting of a 
welded steel frame of lightweight H
sections tied together with reinforcing 
bars and encased in concrete has been 
built in England. The barges are of two 
sizes, 200 and 400 tons dead weight, 
the smaller size having a length of 85 
feet, a deck width of 22 feet, and a draft 
of 8% feet. British patent rights have 
been granted for this type of ship con
struction, and American and other 
rights are pending. 

The steel frames are of 6 inch, 12 
pound sections, and are spaced on 1.25 
foot centers. Concrete panels are cast 
between the steel frames, the concrete 
stlrfaces being flush with the surface 
of the steel section flanges. 

BRmGE LIGHTIRG 

Accomplished from 

Concealed Sonrces 

ExpERIMENTs are being conducted by 
the California Division of Highways 
that promise to provide a novel meth
od for lighting the sidewalks and road
ways of bridges. The plan involves 
the installation of a continuous line of 
reflectors on the hand rails, from which 
concealed sources of light will emanate 
their rays. Thus the lights will not 
shine into the eyes of motor drivers 

but will give maximum illumination 
on the sidewalks and at the edges of 
the roadway. 

Final decisions have not yet been 
made but it is expected that the most 
economical source of light will be 
luminous tubes mounted horizontally 
in a position of maximum security and 
protection beneath the hand rails. 

HIGHWAY PROGRAM 

Woald he Carried Oal as 

Posi-War ' Projecl 

CREATION of an interregional highway 
system of 33,920 miles has been pro
posed to the Congress by President 
Roosevelt who has approved a report 
made by the National Interregional 
Highway Committee. The committee, 
which was appointed by the . President 
in 1941, stated that work on the system 
should be undertaken as a post-war 
project and carried forward at the rate 
of about $750,000,000 a year for several 
years. 

The proposed work would include 
moderilization of some existing routes 
and construction of new highways that 
would connect directly all cities of 300,-
000 or greater population. [See also fea
ture article, page 16.- Editor.] 

CORCRETE STRERGTR 

Relaiaed Despile 

Loag-Time Mixing 

SAMPLES taken at 30-minute intervals 
from a batch of concrete that was mixed 
over a four-hour period indicated that 
there is little loss of strength through 
long-time mixing, as measured by 
standard test cylinders broken after a 
28-day period of setting. 

The test was made by the Department 
of Public Works of New York City, and 
was intended as a guide to the effect 
on slump and strength of abnormally 
long-time mixing in truck-mounted 
mixers. 

WASTE CORTERT 

Delermines Charge lor 

Vse 01 Sewer 

I NDUSTRIES that discharge their wastes 
into the municipal sewer system in 
New Brunswick, New Jersey, must now 
pay a special charge for this service, 

How fluorescent lamps provide concealed lighting for bridqes 
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the rates being based on the volume of 
flow, solids content, and the chlorine 
demand of the waste. 

This three-part rate schedule is in
tended to provide a fair · measure of 
the "load" placed on the municipal 
sewage treatment plant by individual 
industries. According to Chester W. 
Paulus, mayor of the city; New Bruns
wick was forced to take this action 
because excessive waste discharges 
from war industries had greatly in
creased operating costs at the city's 
disposal plant. 

The ordinance setting forth the 
established industrial waste rates pro
vides charges based on $2� per million 
gallons of flow, $5 per ton of solids in 
the wastes, and $5 per one hundred 
pounds of chlorine demand exerted by 
the waste liquid. 

ARMY BRIDGE BUILDERS 

Use Special Tracks lor 

High-Speed Operations 

A COMBINATION equipment carrier and 
erection unit is being used by the 
United States Army combat engineers 
to expedite temporary bridge installa
tions. In a recent test a 330-foot pon
ton crossing was completed in three 
hours and two minutes. 

The unit consists of a heavy army 
truck on which is mounted · a special 
steel carrier body and · an 8000-pound 
capacity crane. Each uilit carries pon
tons, steel saddles, and four 2000-
pound treadways for 30 .feet of bridge. 
The trucks are 31 feet long and weigh 
26 tons loaded. 

One of the features of the unit is 
the 14-foot crane at the back of the 
truck. This is hinged at its base, and 
is hydraulically controlled. Swinging 
from its traveling position along the 
outside of the body, it is designed to 
pick up the heavy steel treadways, two 
at a time, and unload and position them 
for subsequent attachment to the pon
tons. 

WATER SUPPLIES 

Will Be Widely Exleaded 

Aller Ihe War 

ADDITIONAL water-supply facilities that 
are needed in the United States will 
cost · more than $683,000,000, according 
to an inventory compiled by the Uilited 
States Public Health Service. Exten
sions in 6455 commuilities will cost an 
estimated $502,000,000, and new sys
tems in 4863 places will require an ex
penditure of $181,000,000. 

Although more than 99 percent of 
the communities in the largest popula
tion groups (5000 and over) are served 
by public water-supply facilities, only 
43 percent of the towns with less than 
1000 population are so provided. 

Public water supplies date historical
ly from the year 1652 when the first 
system of its kind was instituted at 
Boston. In 1900 there were about 3200 
systems, and in 1940 the number ap
proximated 14,500. At the present time 
about 84,500,000 people are served by 
public water supplies. 
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METALS IH INDUSTRY Conducted by F R E D  P .  P E T E R S  

Continuous Casting 

A Namber of Relalively Simple and Inexpensive Machines Have Been 

Perfecled in which Mollen Melal is Poared inlo One End and Conlinuoas 

Lenglhs of Billels, Sheel, or Sirip Emerge from Ihe Olher End. Praclically 

All Aluminum, Magnesium, and Copper Alloys are Now Casl in Ihis Man

ner, and Experimenls Carrenlly Under Way with Sleel Show Greal Promise 

B y  T .  W .  L I P P E R T  
Editor, The Iron Age 

FOR CENTURIES metal has been poured 
into molds to solidify into ingots. 

These ingots are subsequently heated 
to a plastic temperature, and rolled 
through many stands of rolls into sheet 
or strip; or rolled into tubing, bars, and 
structural shapes; or rolled into bars 
which later are drawn into wire or 
forged into a variety of machine or 
equipment parts. 

Today, one single ingot of steel may 
weigh 5, 10, 20, or 30 tons. This large 
mass of metal must later be heated 
to plastic temperature and gradually 
worked down until the final finished 
product becomes a thin sheet or strip, 
or even a wire hardly thicker than a 
human hair. This working-down 
process involves a great many opera
tions, equipment valued in the many 
millions of dollars, high metal scrap 
losses, and infinite care to assure com
. parable physical properties from ingot 
to ingot. 

It has long been a dream that per
haps this large ingot could be avoided; 
that perhaps all these expensive and 
time-consuming working operations 
could be minimized. To this end. a 
number of machines have been per
fected, whereby molten metal is poured 
into' a simple and compact mold and the 
heat extracted by high-velocity water 
sprays. The products emerging from 
this mold are continuous, uniform as to 
physical and surface conditions, and 
of such a size that only a relatively 
few additional rolling operations are 
necessary to get the metal into . final 
form of strip, sheet, bar, or structural 
shape. 

These machines, being compact and 
relatively inexpensive, greatly reduce 
the equipment necessary to fabricate 
metals. Furthermore, scrap losses are 
very small, and quality of metal fre
quently is superior to that turned out 
in the conventional manner. 

Two general classifications of con
tinuous casting machines are in opera
tion. The most common type turns out 
,solidified metal in the form of round, 
square, or rectangular billets. This 
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metal goes to rolling or extrusion ma
chines for reduction into a finished 
form. Another, less successful, type 
converts liquid metal directly into strip 
or sheet that requires only a few simple 
additional cold-rolling operations to 
produce a finished metal. 

Based solely .on the criterion of ton
nage of commercial metal produced, 
the Alcoa DC (direct casting) equip
ment is by far the most successful in 
operation in this country. Every ounce 
of aluminum and magnesium extrusion 
rounds and sheet ingots produced by 
the Aluminum Company of America, 

A 14-inch round billet 01 aluminum 
alloy being continuously cast at a 
speed of 12 to 15 inches per minute 
in a Rossi machine at an Extruded 
Metals Corporation plant. The solidi
fied metal comes from the mold 
chamber and is cut into two-foot 
lengths by the horizontal saw. which 
moves with the billet while culling 

with the exception of the simple 25 
and 38 analyses, passes through this 
type of continuous casting unit. 

TRANSITION IN CASTING-Large ton
nages of aluminum and magnesium 
similarly are handled in Alcoa-licensed 
machines in the plants of Extruded 
Metals, Revere, Bohn, and Tube-Turns. 
Thus it is apparent that the bulk of the 
country's light metals has passed from 
conventional casting equipment into 
continuous casting machines during the 
past several years. 

For example, a DC unit at an Alcoa 
plant is now producing at a rate of 
about 25,000 pounds of metal every 
eight-hour turnout, but this output can 
vary considerably, depending on ingot 
size, number of molds being poured 
simultanequsly, and analysis of metal 
being poured. 

In the case of this particular machine, 
the melt has a furnace temperature 
of 1375 to 1385 degrees, Fahrenheit, 
and passes down a runner to a cast
iron distributor pan, equipped with 
four cast-iron nozzles, individually 
controllable, each of which feeds a 
casting chamber. Metal temperature 
in the pan is, say, 1270 to 1325 degrees, 
Fahrenheit, and a metal head of about 
5 inches is maintained in ' the pan. 

The molds are simple aluminum tube 
sections 10 inches in length, set into 
a steel plate framework. About one 
quarter of the heat of fusion is ex
tracted through the mold wall, which is 
cooled by water sprays or jets. The 
remaining heat is extracted by mul
tiple water sprays directed ,around the 
periphery of the ingot shell. 

A hydrau:lic platform underneath 
the molds drop down at a speed of 
about 3 inches per minute, carrying 
the four casts with it. The entire cast 
(or drop) takes about 40 or 50 minutes, 
at which time the ingots are some . 10 
feet or more in length, depending up,. '  
on the size of  the heat. At the end of 
the cast, the distributor pan is re
moved, the platform is lifted ' sufficient
ly to loop crane slings around the ine
gats and lift them from the pit. Sub
sequently the platform is again lifted 
to floor level, the distributor pan 
again set in place, and everything 
readied for another cast. Of " course 
if . so desired, the platform arrange� 
ment could be r�p�aced hY pinch Tolls 
and automatic ctit:-.otf · $aW$. 
. WelLoy.er 60 DQ::units {ire in continu:

ous co�ercial c>Pf:lnl.t,i(m: in :ihis: coun;o. 
try • .Tll.� pl.QI(ts���ty:arYo ho;n: 8dnches 
to· 16 , inches in :dian:;e:t"l'.: io-r" '::rnund 



extruSIOn mgo1Sj meet mgoUi VW'y 1fi 
cross-section from 6 by 22 inches to 12 
by 48 inchesj and sizes for blooming
mill work vary from 8 by 8 inches to 
18 by .20 inches in cross-section. Some 
of the older units cast in OO-inch 
lengths, whereas the newer units cast 
in lengths in the neighborhood of 140 
inches. 

These sizes apply for both aluminum 
and magnesium, although magnesium 
sheet ingot cross-sections are usually 
of the smaller size mentioned above. 
In magnesium, emphasis on round 
castings for extrusion is expanding 
considerably with the growing tendency 
to pre-extrude all strip billets, a prac
tice for years common with I. G. Far
benindustrie in Germany. 

FOR DAYS AT A TlME-The Junghans 
(Rossi) method of continuous casting 
makes use of an orthodox unit in which 
casting of large billets may continue 
uninterrupted for days at a time, the 
metal being cut into billet lengths by 
means of a flying saw while in motion. 
In 1940 only one American company, 
the Scovill Manufacturing Company, 
had a Junghans machine in operation, 
and it had already cast some 60,000,000' 
pounds of commercial brass, mostly in 
7%-inch round sizes. This cumulative 
figure is currently approaching 400,-
000,000 pounds. 

In April, 1940, James Booth, Ltd., 
Birmingham, England, had just initiated 
production in a larger Junghans ma
chine, casting aluminum alloys, mostly 
extrusion rounds up to 16 inches in 
diameter. A few Junghans units are 
also in regular use in Germany on alu
minum alloys and brass. Although most 
of the German plants have been 
bombed repeatedly over the past six 
months, some information cominK out 
of the country via Switzerland since 
the war leads to the belief that there 
has been great expansion in Junghans 
installations all over Germany, de
signed primarily to supply light-metal 
extrusion rounds for the aircraft in
dustry, and cartridge brass rolling 
ingots for the ordnance plants. 

Since 1940, a number of larger and 
better engineered Junghans-Rossi ma
chines have been built in the United 
States, for use primarily in the brass 
industry. In addition to the original 
Scovill unit working on extrusion 
rounds up to a maximum of 10 inches 
in diameter, the same company has 
since 1940 installed a larger machine 
primarily for brass sheet slabs up · to 

. a maxium width of 24 inches. 
A neighboring company, the Bridge

port Brass Company, has installed 
three Junghans-Rossi machines, one 
for slabs up to 30 inches wide, and 
two for extrusion rounds up to 10 
inches in diameter. The Extruded 
Metals Corporation over a year ago 
initiated production in a unit for . alu
minllffi rounds up to 14 inches in di
ameter. 

An accompanying photograph of the 
Extruded Metals Corporation unit illus
trates the use of the Jun�hans-Rossi 
machine on aluminum alloy extrusion 
rounds. Delivery speed of this machine 
is' anywhere from 5 to 20 inches

' 
per 
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so pounds of aluminum alloy billets 
per eight-hour turn. 

As new Junghans-Rossi machines are 
developed, the casting speed is slowly 
rising. Scovill is now casting eight-inch 
diameter brass billets at the rate of 
16,000 pounds per hour, or about 360,-
000 pounds per day, and this rate is 
maintained for days on end. At the 
Bridgeport Brass plant this hourly rate 

Continuously castinq a slx·inch 
square billet of steel in a Williams 
machine. The molten steel pours 
from the electric furnace and Is 
cooled in the mold in the foreqround 
by means of hiqh·velocity water 
flow. The billet comes from the mold 
at about 10 feet per minute and Is 
cut to lenqth by an oxyqen lance 

has been greatly increased though not 
for such extended periods. The rates 
for aluminum run about 40 percent 
higher. Each machine normally requires 
three men for operating it. 

The conspicuous and unique charac
teristic of the . Junghans machine is 
that the entire mold, water jacket and 
all, moves down at the same speed as 
the emerging billet for a distance of 
several inches, and then snaps back to 
its original position, the snap-back 
speed being about three times the 
speed of the billet. The function of this 
movement is to present a constantly 
changing section of the mold wall to 
the molten metal, which in turn fa
cilitates freezing a skin onto the molten 
metal. The infrequent relative move
ment between mold and metal also 
tends to minimize skin ruptures. 

After the cast ingot leaves the mold 
(or, rather, the mold moves upward 
away from the cast metal) , the metal 
obviously requires considerable addi
tional cooling. This takes place in a 
circulating body of water, fully en
closed and at the bottom of which is a 
rubber squeegee seal, which prevents 
water from running down the ingot 
and messing up things below the cast
ing floor. The ingot, as it emerges from 
the squeegee, is both cool and dry. 

At the American Smelting and Re-

nnrng ,-,ompany plan�, au �x",.,nu .. :u .... -
commercial continuous casting machine 
has been in operation for some four 
years, turning out large tonnages of 
oxygen-free (phosphorized) copper 
billets up to three inches in diameter, 
which are sawed into 50-foot lengths 
for use primarily in the production of 
seamless tubing. The surface condition 
of this metal is smooth and free from 
flaws, the metal is dense and uniform, 
and in general it is a high-quality 
product superior to that produced in 
prior conventional equipment. 

This machine is essentially a refrac
tory (graphite) chamber holding a siz
able quantity of molten metal, with 
automatic temperature recording aux
iliaries for holding the metal within 
close limits and with facilities to pro
tect the metal against oxidation. In 
the bottom of this chamber are set 
four graphite dies along with their in
dividual cooling arrangements. The 
continuously cast rods are individually 
withdrawn from these dies and either 
reeled or cut into lengths by saws. 

The machine works continuously, 
day and night. If, after several hundred 
hours of service, a particular graphite 
die. should wear it can be removed and 
a new one replaced without interrupt
ing the casting in -the other dies. The 
multiple die arrangement overcomes 
the disadvantage of the very slow pro
duction of a small cross-sectional cast 
of metal from each die, ' and the unit 
as a whole has a most respectable 
hourly output-on the order of several 
thousand tons monthly. 

PROCESSES FOR STEEL-All the ma
chines so far described have dealt with 
continuous casting of non-ferrous 
metals in ingot or billet form. Whereas 
the Junghans-Rossi machine has been 
used in Germany for casting steel, sur
prisingly enough no effort so far has 
been made to give it a trial for steel 
in this country. 

In the continuous casting of steel 
ingots or billets in the United States, by 
far the bulk of experunental work has 
'been carried out by the Williams Engi
neering Company, under the direction 
of Edward R. Williams, president of 
Vulcan Mold and Iron Company. The 
Williams patents are concerned prin
cipally with mold design and methods 
of mold cooling and lubrication. 

Williams makes his mold of commer
cially drawn copper or brass tubing 
of about lf4-inch wall section, which 
mold is fastened into an accurately 
machined cooling chamber. The wall 
of the heavy steel cooling chamber . is 
separated from the inner mold wall 
by only a fraction of an inch, and a 
multitude of flutin.gs in the cooling 
chamber press against the mold wall, 
keeping it in shape and directing a 
high-pressure water flow along the 
mold wall to scour the heat away rapid
ly. 

The Williams mold does not move. 
As the billet or ingot emerges from 
the bottom it passes through a series 
of sizing rolls that prevent bulging 
of the walls by ferrostatic pressure 
from the molten chamber. Water sprays 
surround these sizing rolls and the 
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ingot IS almost COOL wnen It gets uown 
to a set of pinch rolls which withdraws 
the ingot from the mold. Mold lubrica
tion is frequently used, and this is 
automatically introduced around the 
edge of the -molten metal pool by a 
multitude of orifices, the volume of 
lubrication being controlled by the 
speed of the pinch rolls withdrawing 
the billet. 

About a year ago, the Williams pro
cess was taken over by the Republic 
Steel Corporation for extensive experi
mental investigation at the Cleveland 
Corrigan-McKinney plant. 

It is believed that present mold de
sign limits the casting of, say, a 3 by 
8lj2-inch section to speeds of from 5 
to 8 feet per minute. Since faster 
speeds are desirable, some alteration 
in mold design may have to be evolved. 
Republic is currently constructing new 
molds incorporating many refinements. 

The only other equipment in ex
perimental operation with steel is that 
designed by Norman P. Goss, of the 
Cold Metal Process Company. A ma
chine has been built and operated at 
intervals at a plant of the American 
Steel and Wire Company. Goss pro
vides for a mold made up of numerous 
sections, each section individually 
cooled. 

Particularly interesting is the means 
provided whereby, as the metal skin 
freezes and pulls away from the mold 
wall, a finely divided solid material is 
introduced through many orifices in the 
mold wall. This material is capable of 
remaining solid during the casting op
eration and also capable of accommo
dating itself to the interstices between 
the cast metal and die wall. In this 
manner the walls of the die are pro
tected from abrasion and galling, and 
the congealing metal is also protected 
from run-outs and abrasion. This ma
terial also maintains a heat-conduct
ing contact between the ingot skin 
and the die wall. Like the Williams 
process, the Goss method of casting 
steel needs considerably more experi
mental investigation, but can well be a 
method very much worth watching 
for the effect it could possibly have on 
the economics of steel production. 

FROM LIQUID TO STRIP-All the previ
ous methods of continuous casting have 
turned out ingots or billets that are 
subsequently extruded into structural 
sections or rolled into strip. The C. W. 
Hazelett process, however, converts 
liquid metal directly into sheet or 
strip, by pouring the molten metal be
tween two water-cooled revolving rolls. 
Several units are installed and in 
varying stages of activity or experi
mentation. 

Results to date have been encourag
ing. A great deal of excellent brass has 
been rolled on one unit for the Army, 
in six-ton heats, the continuous strip 
being up to 30 inches wide and 0.012 
inch thick. The mill is now working 
on copper, and probably will handle 
large copper strip requirements after 
the war. 

In addition to · the interest that one 
United States Steel Corporation sub
sidiary has in the Goss process, the 
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(.;orporanon alSO nas patentea a some
what unusual continuous casting ma
chine, and intends to give it an ex
perimental whirl. The significant fea
ture of the machine is the casting (or 
extrusion) of a ceramic mold around
the liquid metal as it is cast into a 
billet. 

Dow Chemical Company and Rey
nolds Metals Company have developed 
machines similar in some respects to 
the Alcoa equipment previously de
scribed. 

A bar and billet casting machine has 
been devised by the International 
Nickel Company of Canada and is in 
use at one American Metals Company 
plant. Inco of Canada has one unit 
in operation on copper at Copper Cliff, 
Canada. The American · Metals machine 
continuously casts three-inch square 
copper wire bars or three-inch piercing 
billets at a rate of about 4000 pounds 
per hour. The copper is continuously 
fed from one of two melting furnaces, 
through a closed runner to the mold 
chamber. The mold is copper, with 
many internal passages for coolant. 

Particularly interesting is the fact 
that the mold is split in two parts 
axially, and these parts vibrate very 
rapidly to overcome friction, the ampli
tude of the vibration being very small, 
or less than enough to break the sur
face tension of the molten metal pool 
on top. Metallurgical characteristics of 
the metal are excellent and surface 
condition of the bar is so good as to not 
require scalping prior to subsequent 
manufacturing operations. This machine 
is very successful in all respects, and 
additional installations are to be ex-
pected. . 

The outstanding features of this over
all development of continuous casting 
are the tremendously accelerated rate 
of installation and technical progress in 
the last ten years and the positive 
interest now being shown in the pro
cess by some of our largest metal-pro
ducing companies. 

SMALL DIE CASTIHGS 

Made Bapidl, hy 

Hew Process 

EXTRAORDINARY possibilities for post
war designers have been opened by the 
recent development of a process for die 
casting tiny parts at remarkably high 
rates. Costs are so low- that the die
cast products may successfully com
pete with virtually identical items 
heretofore made on cold headers, wire
forming machines, screw machines, 
punch presses, and so on. 

The die casting machines used not 
only operate automatically but are 
equipped with supplementary attac:h
ments that remove the casting from the 
die, cut off the gate, trim the flash, and 
so on. Despite their small size, many of 
the castings arl? precisely cored. 

The process, developed by Crown 
Fastener Corporation in conjunction 
with Gries Reproducer Corporation, is 
in use for the production of zinc-alloy 
slide fastener elements die cast direct-

ly onto me tape, tor separately die-cast 
fastener slides, stops, and locking parts, 
and for other small zinc alloy castings 
such as brads, rivets, various types of 
pins, rings, buttons, and so on. The 
machines operate at the rate of several 
hundred shots per minute. 

Die castings as small as Vs inch long 
and Vs inch in diameter have been 
made by this process. In general, it has 
demonstrated its utility for parts weigh
ing less than 1J2 ounce and not over . 3,4 
inch in maximum dimensions. Toler
ances can be held from minus 0.000 to 
plus 0.003 inch across a parting or 
down to ±0.001 inch within integral 
portions of the die. 

STELLITE REFLECTORS 

Siand Up Under Haval 

Service Condilions 

PARABOLIC reflectors for Navy use in 
sizes up to 36 inches in diameter must 
meet rigid requirements-high reflec
tivity; permanent resistance to tarnish
ing by salt air, spray, powder fumes' 
resistance to shattering; resistance t� 
pitting from hot particles of the search
light electrodes and to oxidation from 
the heat of the nearby arc. 

Trials with silver- or chromium
plated steels and other reflector ma
terials were unsatisfactory. The Navy 
finally decided upon the heat- and cor
rosion-resisting Stellite alloys (nominal 
composition 55 percent cobalt minimum, 
33 chromium maximum, and 6 tung
sten maximum) , which were found to 
be free from corrosion, pitting, and 
dulling, and to withstand several 
months of outdoor exposure without 
loss of reflectivity. 

The Stellite alloys, long used for cut
ting tools; are generally considered dif
ficult or impossible to form in sheet 
metal and to machine. Actually these 
reflectors are far and away the largest 
parts requiring forming, machining, 
and polishing in which these alloys have 
ever been made. 

While the reflectivity of Stellite is 
only about 68 to 70 percent, it has the 
great advantage of maintaining that re
flectivity under service conditions. 
Silver's reflectivity of 95 percent is 
much higher but it . tarnishes and 
scratches more readily. The whole 
development is a step .forward in the 
working of hard materials that will be 
adaptable to peacetime production. 

NATURAL-AGIRG ALLOY 

Requires He laal-Trealing 10 
D!lvelop ils Properlies 

D�VELOPMENT of a sand-cast alumi
num-base alloy containing 0.5 percent 
magnesium, 5.25 percent zinc, and small 
amounts of titanium and chromium, 
that provides high physical properties 
without a prior solution or quenching 
heat treatment was described by Hiram 
Brown, metallurgist of Frontier Bronze 
Corporation at the recent annual meet
ing of the American Foundrymen's As
sociation. 

Known generally as A.F.A. alloy, 
B-81, the alloy meets Army-Navy-Air 

(Plllase turn to page 42) 
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FUBDAMEBTAL SCIEBCE Conducted by A L B E R T  G .  I N G A L L S 

MaD AgaiDsl OxygeD 

PEACETIME toll of corrosion in indus
try runs into many millions of 

dollars. Some of the corrosion comes 
from contact with corrosive chemicals 
in process industries, some from contact 
with water or steapl as in the boilers in 
power plants, and some simply · from 
exposure to the air which, in industrial 
areas, is particularly corrosive because 
of its content of sulfur-containing gases. 
Protection against corrosion from ex
posure to the atmosphere or from im
mersion in water may be obtained by 
coating metal surfaces with a film of 
specially prepared petroleum products. 

A number of theories have been ad
vanced in explanation of corrosion. In 
the case of iron exposed to moisture, 
the corrosion · manifests itself by the 
formation of rust. When iron is im
mersed in water, iron ions, or electri
cally charged iron particles, travel into 
the water. The iron ions are positively 
charged and ' combine with negatively 
charged hydroxyl ions to form iron 
hydroxide. Oxygen dissolved in the 
water oxidizes the products, resulting 
in the formation of a mixture of iron 
oxide and hydroxide recognized as 
rust. 

IMPURITIES HASTEN BUST-The rusting, 
or corrosion. of iron is accelerated by 
heterogeneity in the iron; that is, by 
the presence of small amounts of other 
metals. When iron containing small 
amounts of other metals is immersed 
in water, electric currents are set up 
between the different metals, and the 
resulting electrochemical action carries 
the electrically charged iron particles 
into the water. Saplples of extremely 
pure iron have been fomid that have 
survived many years with little corro
sion. 

The corrosion-resistant properties of 
some metals result from the formation 
of protective films on their surfaces 
when they are exposed to moisture or 
to a corrosive atmosphere. For example, 
on tin and aluminum extremely durable 
transparent films are formed which do 
not greatly impair the luster of the 
metal. In the same way nickel and 

.chromium surfaces are protected by uh
noticeable impervious films. Copper on 
exposure to the air develops a protec'
tive coating of the -green 'carbonate · ()f 
copper often seen on old roofs;' 

Iron and steel may be protected from 
corrosion where structural limitations 
permit by plating with a resistant 
metal. For example, corrosion-resistant 
galvanized iron, made by dipping iron 
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B y  R .  G .  S L O A N E  
Technologist, Standard 011 Company (New Jersey) 

into molten zinc, is familiar to all, and 
so is tin-plated iron made by dipping 
iron into molten tin in the form of the 
tin can. Less extensively used, but 
finding considerable application for 
decorative and special purposes, are 
nickel and chromium plating as means 
of avoiding tarnishing or corrosion. 

The extent to which alloys and plat
ing may be eIIlJlloyed as expedients 
for protection against corrosion is lim
ited by the use to be made of the 
finished metal. A razor blade, ' for ex
ample, muSt be made of a material 
adapted to yielding a sharp edge that 
will not dull rapidly in use. For this 
purpose there is no alternative to the 
use of steel. Neither alloying nor plat
ing are possible. 

Ball bearings must also be made of 
steel to withstand the loads to which 
they are subjected in service. The ball 
bearings for delicate instruments are 
precision machined and polished to a 
mirror-like finish, and must be care
fully protected from corrosion through
out all handling operations. However, 
the use to which ball bearings are put 
makes it impossible to resort to alloys 
or plating to circumvent corrosion. 
Some alloys would be costly, some 
would be difficult to manufacture into 
bearings, and ' many would lack the 
needed mechanical strength. Metal 
plating would be difficult to machine 
and polish, and might peel off in ser
vice. For many purposes, iron and. 
steel must be used in spite of their 
susceptibility to corrosion. Thus cast 
iron and steel are used for automobile 
and aviation engine parts such as the 
block, crankshafts, and connecting 
rods. Where conditions permit, how
ever, as in the case of carburetors, cor
rosion-resistant alloys are used. 

Because of its inherent elasticity or 
strength, steel is used in springs, wire 
ropes, and other objects subject to 
continuous flexing in ' normal service. 
Here plating, even where it does not 
impair the characteristic properties of 
such objects, still has objectionable 
features as a means of protecting from 
corrosion-for example, it is : likely to 

be cracked and destroyed by the flex
ing. For objects of this sort an adherent 
protective coating that offers no re
sistance to the motion .of the steel is 
needed. 

Petroleum products offer ideal means 
of making adherent, flexible protective 
coatings. Everyone knows that an ob
ject dipped in a petroleum product 
such as lubricating oil becomes covered 
with an oily film that is difficult to 
remove. The object may be wiped with 
a cloth but the final trace of oil remains 
firmly attached to the surface. The.ob
,ject may be placed in a container of 
water or held under a stream of water 
and still the oil refuses to leave the 
surface. Moreover, there are many 
types of petroleum products, some of 
which give more tenacious films than 
others. Kerosene will give an object 
an oily feel, but the oil film may be re
moved without too much effort. A 
lubricating oil is much more difficult to 
remove. Heavy, tarry residual oils of a 
semi-solid nature must be heated to be 
removed from a metal surfa.ce. 

TWO IMPORTANT FACTORS-Two fac
tors that enter into the ability of an oil 
coating to resist removal by external 
influences are fluidity and . adhesive
ness. 

A fluid product will eventually flow 
off a metal to which it has been ap:' 
plied. The more fluid it is the more 
quickly it will flow off, leaving behind 
the exposed metal. A less fluid, or vis
cous, material will flow off much more 
slowly. A solid, such as paraffin wax, 
applied to a metal surface, will not tend 
to flow off, but may crack and chip off. 
To be satisfactory, a protective coating 
should have the permanence of a solid, 
combined with the flexibility 'of a fluid.. 
Coatings that approach this character;,. 
istic can be prepared from _ petroleum 
by combining so!id .;wd;Ugtii.!:l p'roducts 
into semi-solid matti.riWs. 

Adhesiveness, the ' seconll 'of tll� 'twP 
factors just mentioned, is impOrtant if 
the protective ' coating is m '  .vVithstand 
severe exteftlllL influences . . Som� riil 
coatings might: - ;re�iit ' removal . ih"" il 
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moderate' stream OIwater but not wltn
stand the effect of sun, wind, and 
rain when applied to outdoor equip
ment. Coatings that are to be used for 
protecting military and industrial 
equipment under severe exposure con
ditions for prolonged periods of time 
must possess a high degree of adhesive
ness. 
- Objects requiring corrosion-protec

tive coatings vary from parts for pre
cision instruments, on which the cor
rosion from a finger-print is objection
able, to heavy machinery and pipes in 
storage exposed to severe atmospheric 
conditions. No single kind of coating 
would adequately serve all purposes. 
A large series of different coatings is 
required, and such a series may be 
made from the many fractions derived 
from petroleum. 

Petroleum protective coatings may be 
classified according to their consistency 
into fluid and semi-fluid, or "hard," 
coatings. 

Fluid petroleum coatings with widest 
range of application are the so-called 
non-drying coatings. They impart ex
cellent protection, good durability, and 
freedom from hardening, cracking, or 
peeling. Yet they may readily be re
moved by wiping off with a petroleum 
solvent. These protective coatings are 
generally applied as temporary cor
rosion- preventives with the intention 
of removing them at some subsequent 
time and, being of non-drying type, 
they can easily be removed when de
sired. 

Some of the Rust-Bansl of the Stand
ard Oil Company (New Jersey) are 
examples of non-drying petroleum 
coatings. They have the advantage 
over simple petroleum coatings that 
they contain rust inhibitors to offset 
the electrochemical conditions that 
cause rusting; and some of them also 
contain ingredients with high affinity 
for metal surfaces, that enable the 
coating to displace water when applied 
to wet metallic surfaces. 

A good fluid-type protective coating 
on a metal should tend to spread 
over the surface and adhere to it 
tenaciously. The power to spread is 
related to surface tension, The surface 
of a liquid behaves like a stretched 
sheet of rubber. That is, it appears to 
have a definite tension. This results 
from the fact that there are no mole
cules of the liquid beyond the surface 
to counteract the molecular attraction 
from within the liquid. The unbal
anced attraction gives the surface a 
mm-like property which, like the skin 
of a balloon, holds liquid drops to
gether. The same property makes it 
possible to "float" a needle on the sur
face of water, and makes it possible 
for insects to travel over the surface 
of a pond or lake. For good spreading 
power a fluid should have low surface 
tension, so that when the fluid is 
brought in contact with a surface it 
will not tend to retain the form of 
discrete droplets but will collapse into 
a mm, spreading over the surface. 
Water does not readily spread over a 

1 The Rust-Ban trademark is registered in the 
United states and elsewhere by the Humble. Oil 
and Relining Company_ 
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sion but when soap is added to t�e wa
ter thereby lowering the ' surface ten
sio�, the soapy water ipreads easily 
over the metal. Since the surface ten
sion of petroleum oils is low they tend 
to spread, forming a film over metal 
surfaces to which they are applied. 

After good spreading power, a second 
requirement of a fluid protective coat
ing is that it adhere firmly to metal 
surfaces. The ability to adhere may be 
attained by incorporating in the coat
ing a substance having chemical affinity 
for both the petroleum coating and the 
metal surface. A number of substances 
like fatty acids consist of long chains 

II a piece of metal is wetted with 

water and dipped in ordinary petro· 
leum oil. the water remains and the 

metal rusts. Obviously. therefore. a 

Rust·Ban is more than simple oil 

of carbon and hydrogen atoms, one end 
of the chain having oxygen or other 
atoms. The carbon-hydrogen chain is 
chemically quite unreactive, while the 
oxygen-containing end is reactive and 
has an affinity for metals. Such sub..: 
stances, if present in a protective coa!
ing on a metal surface, become ori
ented the active end of the molecule 
beco�ing chemically attached to the 
metal, while the carbon-hydrogen por
tion of the molecule dissolved in the 
petroleum holds the petroleum to the 
metal surface. (A similar explanation 
has been advanced for oiliness in lubri
cation. Superior oiliness, which de
pends upon resistance to rupture of the 
lubricant mm, is effected by fatty 
acids in lubricants because the oxygen 
end of the fatty acid molecule attaches 
itself to the bearing surface, while the 
body of the fatty acid molecule extends 
into the lubricant-like blades of grass 
in a stream of water.) 

Molecules of the type of fatty acids 
are called polar compounds. As with 
magnetic needles, one end is attracted 
by its chemical affinity to metal sur
faces. When a coating of a corrosion 
preventive containing polar compounds 
is applied to a metal surface, the affinity 
of polar compounds for metals causes 
them to migrate through the petroleum 
vehicle to the metal surface. 

To insure that the attachment will 
resist rupture when in contact with 
water, Rust-Bans contain polar com
pounds that have a partial affinity for 
water as well as for the petroleum 
and the - metal surface. Consequently 

Here the only difference is that the 

petroleum oil now contains Rust·Ban. 

which has crept under the water and 

shouldered it off. also coating metal 

any water droplets that find their way 
into a protective coating are surrounded 
by the polar compounds, forming a 
water-in-oil dispersion which prevents 
further movement of the water through 
the protective mm. The dispersion is 
semi-rigid in nature, forming an effec
tive barrier to the passage of water 
and affording protection from corrosion 
for a long time. 

As a rule protective coatings are ap
plied to clean, dry, metal surfaces im
mediately' after they have been finished 
or polished. When a surface has been 
in contact with 1'Iater, it is generally 
dned before the application of a pro
tective coating. However, a srecial 
coating, Rust-Ban 392, is applIcable 
to wet surfaces, as it possesses the 
ability to displace the water and re
place it with a film of rust preventive. 

An illustration of the application of 
petroleum products having water-dis
placing properties was their use for 
the protection of fittings and machinery 
on the Navy transport, the Lafayette; 
formerly the French luxury liner Nor:... 
mandie, after the ship had burned and 
turned over at its berth in the Hudson 
River, New York.2 Without such pro
tective coating a heavy loss to the 
machinery would have inevitably oc
curred. A series of protective products 
were used in the salvage operations. 

LIITLE RUST IN THE DEPTHS-Little 
rusting ordinarily occurs on metals 
which are deeply submerged, as was 
most of the equipment on the Nor
mandie. As has been indicated, oxygen 
plays a part in rusting, and the content 
of oxygen dissolved in water decreases 
rapidly with depth. However: as soon 
as submerged metal is brought to the 
surface it is attacked by oxygen and 
rusting occurs at an almost visible 
rate. 

Much of the Normandie's equipment 
was of such a nature that it could 
not readily be dried. Encased or com-

2 Scientific American, November 1943 , page 223. 
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plicated machinery, for example, eould 
not be disassembled promptly enough 
to be protected from rust in that way. 
It was for this reason, and to assure 
more certain protection, that equip
ment was dipped, swabbed, or sprayed 
with the rust preventives. Even electric 
motors were so treated, although ordi
nary oils are injurious to motor arma
tures. 

The ship's gyroscope compass, a deli
cate and complex piece of equipment, 
was so successfully protected that re
placement of only two parts and a 
motor was required. The gyroscope 
was then ready to be installed in the 
vessel after being taken: from its long 
soaking in the depths of the river. 

In addition to main turbines, motors, 
and gyroscopic control devices, the 
equipment treated with rust preventiv.e 
included hundreds of tons of pumps, 
lamps and lighting fixtures, kitchen 
utensils, laundry , equipment, ice ma
chines, and a great variety of other 
mechanisms. By preventing destruction 
of theSe materials from corrosion, a 
great quantity of critical material and 
innumerable man hours of manufacture 
were saved, and the return of the 
Normandie to service has been greatly 
hastened. 

TOUGH TES�Petroleum rust pre
ventives are subjected to a number of 
tests designed to simulate conditions 
under which they will be used. It is 
considered more reliable to test fin
ished materials in this way than to 
attempt to measure fundamental prop
erties. A large number of tests have 
been devised, the more impoI1ant being 
the humidifier test, the water spray 
test, and the salt spray test. 

In the humidifier test, metal panels 
with uniformly prepared surfaces are 
coated with rust preventive and placed , 
in a special cabinet through which air 
passes at the rate of 12 cubic feet per 
hour. This air is maintained at 100 per
cent humidity, heated to 100 degrees, 
Fahrenheit, and directed into the cabi
Ilet against baffie plates which insure 
uniform air distribution. The rate of 
flow of air through this cabinet is 
critical in determining the breakdown 
period of a coating. Under static air 
conditions certain coatings may last 
months in this cabinet. With air cir
culating, the time of breakdown is ac
celerated , to a matter of hours. 

Coatings comparable in purpose and 
consistency are placed ' on special test 
panels and the measure of quality is 
the number of hours that elapse be
fore initial corr-osion 'takes place, as de
termined by visual examination. 

In the water spray test, panels are 
placed at a 30-degree angle from the 
horizontal and subjected to a two-foot 
fall of tap water. This water is main
tained at. 75 to 80 degrees, Fahrenheit, 
�d allowed to "rain" on the panels for 
three minutes, then is turned 'off for 
three minutes. The cycle is repeated 
until the coatings fail and the first 
visible signs of corrosion appear. This 
test evaluates the strength and resili
ence of the protective film against the 
impingement of water. 

$tr/Uliely, some products which pro-
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tect rucelY trom neav.y weamenng \as 
rated on the water spray test) are not 
outstanding in humid atmospheres. This 
is because at the higher humidifier test 
temperatures some protective coatings 
are destroyed relatively faster than at 
the lower water spray temperatures. 
For full outdoor exposure the best pro': 
tection will come from a product that 
rates good in both the humidifier and 
the water spray test. 

For the salt spray test, another spe
cially constructed cabinet is used. 
Panels are hung vertically and sub
jected to a spray consisting of a 4 per
cent salt solution of water. This spray 
is highly atomized by impingement 
against a baffie plate and then passes 
over the panels. 

The salt spray test simulates in an 
, accelerated manner the :;evere condi
tions found near the seashore or aboard 
ship. Salt water stimulates corrosion 
more than fresh water, since it pro
vides a better medium for electro
chemical action. 

The coatings discussed so far have 
all been of the type classified as fluid, 
non-drying coatings. Another type is 
the hard-drying, transparent coatings. 
This type is intended for use where the 
coating need not be readily removable. 
It is p,ormall,y expected to act as a rust 
preventive only during the interval 
between its application and the final 
assembly and use of the metal parts. 
After parts are assembled the coating 
may be machined off, left to wear off, 
or painted over with pigmented prod
ucts. Where surface markings, num
bers, imperfections, and so 011 must be 
visible, transparency of the coating , is 
obviOUsly important. 

The hard-drying coatings are ap
plicable to structural shapes, boiler 
plates, machined surfaces, pipes, and 
castings, between the time of their 
fabrication and the time, of their as
sembly. Every branch of heav.y indus
try has equipment requiring this type 
of rust preventive. In addition, certain 
special , uses for these materials have 
developed. These uses include water
proofing awning, canvas, and tarpaulin 
stock, and treating the muslin used 
by, sweet potato growers. One Rust
Ban of this type can also be added to oil 
paints, notably improving the weather 
resistance of the paint. 

Because of the versatility of petrole
um products, special coating!! may be 
prepared for special purposes. There 
are, for example, compositions of as
phalt in varnish solution that yield 
coatings having self-healing properties. 
Some of these may or may not contain 
rust-inhibiting agents. Where it is de
sired to apply a corrosion preventive 
that will. at the same time leave a 
bright surface, flake aluminum pigment 
may 'be ' incorporated in the fluid base. 
This type of coating achieves both un
Usual heat-resisting properties and 
high-heat retention. It consequently is 
particularly useful for coating tanks 
and the , like, which contain material 
whose temPerature it is desired to hold 
as constant as possible. 

WAR AIDED THEM-Petroleum corrosion 
preventives are not new, but it

' 
has 

taken me stress ot war to Show melr 
critical importance. For the erection of 
military bases throughout the world 
in the early days of the war it was 
necesary to transport structural steel 
over long ocean voyages, and often to 
drop the steel on the beach at its des
tination. When picked up for use the 
steel was frequently found to be heav
ily caked with rust. Badly needed car
goes of airplane engines often became 
corroded en route to distant ports. Cost
ly precision instruments had to be dis
carded because a finger-print at the 
factory became corrosion by the time 
the instrument reached the assembly 
line. Searchlight parts were ruined by 
exposure to air. It therefore became 
important io devise a protection against 
the ruthless destruction wrought by 
corrosion. 

Simultaneously with , the external 
'corrosion, serious internal corrosion 
was found to occur in aviation engines. 
The highly machined interiors of 
engines are extremely susceptible to 
corrosi"n; and it was observed that air
plane engines might show signs of be
coming corroded within 30 minutes 
after the engine had stopped running. 

Both the external and internal cor
rosion could be substantially overcome 
by the application of a variation of the 
coating that was used so effectively , 
in protecting the turbines and boilers 
of the Normandie. At the present time 
airplane engines that are shipped 
abroad are carefully wrapped after hav
ing been thoroughly coated with a rust 
preventive. Every engine is given a test 
run, then disassembled, overhauled, re
assembled, and given a final run. Dur
ing the final run a rust preventive is 
injected into both the lubrication and 
the carburetion system, thereby coat
ing every part of the engine with 
a fine protective film. Then dummy 
plugs, containing silica gel, are in
serted in place of the spark plugs; and 
the silica gel absorbs any moisture 
present in the air in the engine. 
Finally, the whole engine is wrapped 
in Pliofilm, tied, and crated. With both 
the exterior and interior protected, 
every chance of corrosion has been 
eliminated. 

Petroleum corrosion preventives have 
served an important function ' in pre
venting waste and in guaranteeing that 
military equipment will operate prop
erly even after storage over long 
periods when exposed to the elements. 

The formulation of the preventives 
represents the combined application of 
well-known fundamental physical 
principles and less well understood em
pirical' relationships. Factors govern
ing the adequacy of protective coatings 
include surface tension, polarity, cor
rosion-inhibiting ability, volatility, and 
consistency. Some day it may be pos
sible to explain the exact mechanism 
of corrosion preventives and the inter
play of every 'factor. In the meanwhile 
the preventives are effectively serving 
the war effort, and after the war they 
will serve to protect the machinery 
of industry, the tractor and other 
equipment of the farmer, and the lawn 
mower, bicycle, saw, and general gad
gets · of the householder. 
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IN OTHER FIELDS Conducted by The ' Staff 

Meet Melamine 

A Hew Family of ResiDs, DatiDg Back ODly a Few Years, Has IDvaded 

Fields RaDgiDg from Texlile FiDishiDg 10 Complicaled MoldiDgs. Bigh 

SlreDglh, Good Eleclrical aDd Heal ResislaDce, aDd Ameaabilily 10 Diver· 

sified ApplicatioDs are Oulslaadiag Characleristics for Posi-War Work 

JUST AS World War II broke out, a 
new family of resins derived from 

melamine * was making its first bid 
for public acceptance. Fortunately, 
these new resins were ready to meet 
new requirements well as old ones 
made acute by war conditions. 

Like many other developments in 
plastics, this one had to await a need to 
bring it out of the chemical laboratory . .  
Characteristically, the evolution of 
plastics is fostered by changing demands 
that cannot be fully met by existing 
products. 

Automobile safety glass provides one 
of the best examples of this evolution. 
After World War I, a large producer 
of cellulose acetate sought a new source 
of acetic anhydride at a price which 
today would be very attractive. In spite 
of every effort, the company approached 
could not meet the desire� cost. Side 
reactions interfered. One of these 
formed vinyl acetate for which at that 
time there was no market. Some 15 
years later, the automotive industry 
sought a new interlayer for safety glass 
which would be better than the cellu
lose acetate sheet then in current use. 
The chemical industry, as a result 
of the pioneering efforts of years be
fore, offered polyvinyl butyral produced 
from vinyl acetate, the very product 
which 15 years before caused so much 
trouble. Soon the vinyl derivative com
pletely replaced cellulose acetate in 
safety glass. 

The rapid growth in the use of the 
resins produced from melamine is an 
outstanding example of how the science 
of chemistry and the chemical · indus
try have contributed to the speCtacular 
progress of the plastics industry. 

The chemical compound "melamine," 
CaNa (NH2) a, has been known for 
many decades; it was originally syn
thesized by Liebig over a century ago. 
It was also known that this compound 
could be produced from calcium cyana
mide, once only a fertilizer but now 
parent of a growing list of important 
chemicals. The reaction of melamine 
'

.See also "!t·s Done With Melamine . ... page 204. 
AprU J 94 1  issue of Scientific American. 
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with formaldehyde was found to yield 
a soluble and fusible resin, colorless 
and water-clear when made from pure 
materials. This product is hygroscopic 
and miscible with water and water
alcohol mixtures. When subjected to 
heat, or under the influence of certain 
chemicals, it becomes insoluble, in
fusible, and, as compared to its uncon
verted form, relatively tough. This 
change can occur · over a wide range of 
acidity and basicity, in contrast to other 
thermosetting resins. The unconverted 
resin will react with alcohols to form 
resins soluble in a wide variety of or
ganic solvents. Furthermore, melamine 
resins can be used in combination with 
either mineral or cellulosic fillers to 
produce molded and laminated articles. 

DIVERSIFIED USES - The chemical, 
mechanical, and electrical properties of 

melamine resins are best illustrated by 
the considerable diversity of articles 
into which they have so far been in
corporated and to which they have im
parted certain specific and desirable 
properties. 

Electrical equipment is an essential 
component of many of the weapons of 
modern war. It must operate under 
conditions of service far more severe 
than are normally encountered in 
peace-time. These conditions require 
improved insulating �aterials. In
creased resistance to fire and heat, and 
to the carbonizing effect of the electric 
arc are particularly needed. Melamine 
resin in its' cured form is useful in 
these applications since it will not con
tinue to burn after the source of heat 
has been removed, nor is it readily 
carbonized by the electric arc. Com
bined with these special properties, it 

Melamine �esins find wide application in aircraft enqine iqnition parts 
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A plastic composition of melamine 
resin with a filler of chopped cot
ton is used in makh,lq COmpartment 
trays such as this. The composition 
is hiqh in flexural and Impact 
strenqth. resistant to heat and cold 

is a good electrical insulator. Melamine 
resins will also cure in contact with 
heat-resistant inorganic fillers, asbestos, 
glass, and silica. Asbestos-filled molding 
compounds were consequently devel
oped and have extensively replaced 
hard rubber and other plastics in parts 
of ignition systems of aircraft engines. 
These are being used on many combat 
planes 'and have contributed to their 
improved performance. 

At high altitudes, arcing in electrical 
equipment is increased by the rarity of 
the atmosphere, and ignition parts are 
frequently sutrounded by corona dis
charges. Melamine resins perform 
equally well at the extremes of tempera
ture and humidity encountered in this 
service, and are not damaged by the 
action of nitric acid, formed within ig
nition parts at high altitudes. 

Co-operation by molders and lami
nators has made it possible to produce 
from such a new material as melamine 
resin the required complicated parts . 
meeting extremely rigid specifications. 
Many of these applications require 
large parts weighing several pounds 
and containing numerous metal inserts. 
Transfer molding is required in their 
production. Without this special tech
nique it would hardly be feasible to 
produce such intricate parts. 

COMMERCIALLY AVAILABLE-Melamine 
laminated products possessing the added 
advantages of arc- and heat-resistance 
are now commercially available for use 
in electric insulation. Even the fabric 
base material containing the resin is 
self-extinguishing. The glass cloth and 
asbestos yield products which are, nat
urally, more highly heat- and fire-re
sistant. 

Prior to the war, melamine resins 
wele used somewhat extensively in 
paper laminates to impart hardness, 
scratch resistance, color stability, heat 
resistance, and protection against the 
action of cleaning agents. These lami
nates have been extensively used for 
bright colored table and bar tops. The 
manufacture of laminates for this type 
of . application was discontinued with 
the advent of the war. 
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However, a similar technique has 
been utilized during the war to produce 
name plates for machines (to replace 
those hitherto made of critical metals) , 
translucent instrument panels, and per
manently mounted diagrams and in
structions for servicing military equip
ment. 

The heat resistance of melamine 
laminates, particularly in translucent 
form, will undoubtedly expand their� 
use in the field of lighting, and the im
proved weather resistance imparted by 
melamine will permit post-war use of 
laminates for exterior applications. 

Other pre-war possibilities are con
tributing to the war effort. In combina
tion with alpha cellulose, molding com
positions were developed before the war 
in pearl and a limited range of bright 
stable colors. These were used for 
molding wash buttons, which retained, 
even after repeated laundering, their 
original gloss and general appearance. 
The alpha cellulose molding material 
was also found well suited for molding 
tableware where its hardness and stain 
resistance were advantages. The mili
tary services now utilize melamine 
buttons for wash garments. Light 

Upper unit of this coffee maker Is 
molded of a new melamine plastic 

weight, combined with relative lack of 
fragility, has prompted the Navy to 
supply melamine molded tableware for 
overseas stations, light vessels, and air
craft use. A number of the molders 
produce compartment mess trays from 
a medium impact, fabric filled mela
mine molding composition. 

Although there is no apparent rela
tion between a heavy-duty circuit 
breaker for electric power lines and a 
mess tray, both are produced from the 
same fabric-filled material. This mate
rial has been selected for circuit 
breakers because of its resistance . to 
shock, to ar�cing, and its relative fir�
proofness. Applications of this type will 
undoubtedly create a considerable civil
ian demand_ The improved heat re
sistance of the cellulose-filled molding 
material will' broaden the peace-time 
market for plastic reflectors. 

A more recent application for mela
mine resin is in hot-set waterproof 
glues for plywood and laminated wood. 
Its outstanding characteristic is the 
strength of the glue line when under 
tension and in shear. This is combined 
with water resistance far surpassing the 

requirements for aircraft plywooa. 
The use of melamine in glues pro

vides an excellent example of another 
unique property of melamine. The addi
tion of relatively small proportions 
of melamine resins to urea resins pro
duces glues of bonding quality much 
superior to that of the urea glues them
selves. 

The effect of increasing additions of 
melamine is shown by breaking test 
samples in shear after 24 hours of soak
ing in water at 75 degrees, Fahrenheit. 
In all cases the loadings at which fail
ure occurs are well above the values 
specified for plywood bonded with urea 
resins. Urea resins without melamine 
provide a strong bond but one which 
under these severe test conditions usu
ally fails before there is a break in the 
wood. The addition of relatively small 
proportions of melamine resin to the 
urea resin so strengthens the bond that 
failure occurs in the wood itself in pref
erence to failure of the bond. 

Not only do additions of melamine 
provide increased strength necessary to 
wood failure in tests carried out after 
a period of soaking in water at ordinary 
temperatures, but they also impart to 
the bond the desirable characteristic 
of resjstance to boiling water. 

Utilizing this property, melamine
modified urea resin glues for the hot 
press assembly of plywood are now on 
the market surpassing all requirements 
of Army and Navy specifications for 
aircraft plywood. These resins provide 
a bond in plywood which fails only at 
high loading and exhibits substantially 
100 percent wood failure in both shear 
and tension breaks. 

Numerous other applications outside 
the plastic field demonstrate the ability 
of melamine in small proportions to im
part special properties to other products 
without modifying their · fundamental 
characteristics-texture, form, color, 
and so on. 

WET-STRENGTH PAPER-Melamine resin 
added in small amounts to paper during 
manufacture imparts remarkable wet 
strength to the finished sheet. Two 
samples of white absorptive paper are 

Arc resistance and qood dielectric 
properties of melamine plastics are 
used to advantaqe in circuit breakers 
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of , simUar appearance and of identical 
composition, except that in the manu� 
facture of one about 3 percent melamine 
resin has been incorporated. , This small 
amount of melamine resin does not per� 
ceptibly affect the absorbency of ' the 
paper. However, the untreated paper 
scarcely holds together when wet, but 
the one containing 'melamine resin is 
over 60 percent as strong wet as it is 
dry. In - addition to imparting wet 
strength, melamine resin greatly im
proves the wet rub-resistance of the 
sheet. Contrary to what one might ex
pect, the addition of this resin does not 
embrittle the paper, but actually im
proves the dry tensile strength and in
creases many times over the resistance 
of the paper to repeated folding. These 
improvements are retained even on pro
longed storage of the paper under con
ditions of high humidity and tempera
ture. Paper so treated has been used 
for such purposes as toweling, blue
prints, maps, heavy-duty paper pack
aging, and in numerous other applica
tions. Melamine resins thus make paper 
useful in applications heretofwe ' closed 
to it because of its great loss of strength 
upon becoming wet. Most spectacular of 
these is in paper packages for products 
hitherto packed only in drums. 

Another example of the use of mela
mine resins in relatively small propor
tions to impart specific properties is in 
the treatment of textiles. These resins, 
in water solutions, have been used to 
render fabrics creaseproof, that is, to 
increase their resiliency; to produce 
semi-permanent glazed chintz which 
can be laundered as those glazed with 
starch cannot; to act as stiffening agents 
in mosquito and camouflage netting; 
and to serve as hardening agents to 
modify polyvinyl butyral and other 
elastomers in impermeable coatings. 

The alkylated melamine resins pro
duced by reaction with alcohols have 
been used extensively, particularly be
fore the war, as components of baking 
enamels for finishing automobiles, re
frigerators, bathroom and kitchen 
cabinets, washing machines, and many 
other metal articles: In these applica
tions resistance to heat and hardness, 
and the permanent light color of the 
finish are important. In the post-war 
period, this application is expected to 
increase in volume. In these enamels, 
melamine resins contribute not only ex
treme hardness, but also to curing 
speed, color retention, and resistance to 
heat, weather, and many chemical , sol
vents. 

TBE TELEVISIOII COIITIOVEISY 
By E. F. Mc:Doaald. Jr. 

'resid8DI. Zenilh, ' ladio CorporalioD 

, ELEVISiON has cried "Wolf! Wolf!" 
many ,pines in the past 14 years. The 
public 'has been fed with fables, plied 
with promises, enticed with the 
"Thousand and One Night Tales" of 
the miracles to be wrought. The bright 
stories so gaily scattered to the press 
ob: the least provocation, one ,after an-
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other, becomes the legends of a phantom 
-television. 

Now comes another new problem, 
posed hy the developments of the 
war. Some ve,ry pertinent questions ' are 
raised in a recent statement of the 
Columbia Broadcasting System. Shall 
television come to the public in its pre
war state? Shall television incorporate 
important technical improvements 
growing out of war experience, and 
launch itself in this improved state 
even though this may take a year or 
two longer? Or, shall television launch 
itself with two systems as some have 
advocated, specially those with invest
ment in pre-war television systems at 
stake and those who feel we should 
wait not a minute longer than neces
sary after the war to introduce tele
vision? 

Mr. Paul W. Kesten, Executive Vice 
President of the Columbia Broadcasting 
System, points out that we must start 
with improved television. Columbia's 
publicly released query, "Will pre-war 
television be good enough after the 
war? " almost answers itself. 

Of course, it won't be good enough! 
Today research and science move at a 
rapid rate, accelerated tenfold by the 
crying necessities of war. Things obso
lete themselves more rapidly than , at 
any time in our history. New processes 
in every field, new uses for materials, 
new methods, have resulted from the 
experiences of war. I, for one, say in 
regard to television after the war: 
"Why dig up the bones of dead pre
war television for reincarnation when 
there is a new baby on the way!" Shall 
we delay television improvements by 
again making a false start? Glowmg 
promises have been made to the public 
of the feast to be spread before it. 
Let's not warm over last night's dinner 
to regale the hungry and expectant 
guest. 

The Coiumbia Broadcasting System 
suggests also that it is the duty of 
prospective television makers, and 
broadcasters; too, to explain to the 
public that better television than the 
pre-war system can provide is now 
made possible by recent radionic de
velopments not incorporated in ' the old 
system, and what is more, to back up 
explanation with action. 

I agree with Columbia, or rather 
I should say they agree with me, for 
I have always pointed out to the pub
lic that until standards are fixed for 
television that is worthy of public 
support, money paid out for a tele
vision receiver is money thrown Qut of 
the window. 

I agree, ' too, with Chairman James 
Lawrence Fly of the Federal Com� 
munications Commission, when he is 
reported as ' saying that he is " opposed 
to any move to freeze television stand
ards at 'the present level." This sta.te� 
ment is reported to have been ac
companied by a criticism levelled at 
those who hope :to sell post..:war re
ceivers that would not give the best 
possible service. From the Words of 
its chairman, I know that the Federal 
Communications Commission will pro
tect the public. 

The idea ' of public service in tele
vision is hardly new, as recent an-

nouncements might lead one to assume. 
In Chicago, television was introduced 
to the public in 1928 by radio station 
WCFL, in 1929 by the Western Tele
vision Company, and in 1930. by the 
Chicago Daily News station WMAQ. 
Television , programs were broadcast 
during those times. More than a thou
sand receivers were sold in the Chi
cago area. They are useless today, or 
had to be rebuilt as standards were 
changed. 

In the intervening 14 years, from 
1930. to 1944, there have been periodic 
television publicity booms, in which the 
public has again been urged to buy. 
Television receivers sold as late as 1940. 
shared the fate of the earlier ones. 
Their screens remain dark unless they 
were rebuilt. I make this point to tell 
how vital it is to adopt standards em
bodying the important contributions 
gathered during the war years, so that 
we may have good life-expectancy in 
television receivers, and the public 
may get its money's worth when it 
buys one. 

In the face of the experience I have 
just related, I ask: "Can the public 
be asked to accept pre-war transmis
sion standards? "  I say they cannot. Not 
if they believe the advertisements and 
the publicity stories. Not if they are 
conscious of the developments of the 
war, and the advertisements have cer
tainly made them conscious. 

The , public may get pre-war autom6-
biles, pre-war refrigerators, pre-war 
washing machines. You can turn these 
in for a fair trade-in value and they 
will still run and give service. Not so 
with television sets. When standards 
are radically changed as they again 
must be changed, if we are not going 
to throw out all that we have learned 
in the past few years, television is to 
become junk, just so much wood and 
wire inoperative unless rebuilt at great 
expense. The past has proved that. 

I have stated I am against pre-war 
standards or warming over last night's 
dinner. I am for starting at the farthest 
possible point ahead in television de
velopment. With these viewpoints I 
can not entertain the thought of sup
porting two systems of televisionhroad-

. casting and reception, which have been 
advocated-one the pre-war system, the 
other the improved system. ' 

Such dual operation would be most 
illogical, corifusing, and would certain
ly be impractical on a nationwide basis 
when chaining ' operations are en
visioned. Its only good point would 
be to create public consciousness of 
the better system. That investment 
which proponents of the · old system 
how seek to protect, would be so in
jured by competition of the better ' sys
tem that the finger in the dike would 
hold but a very short time. ' 

Someone may point out that re
ceivers could be built to receive both 
systems. My answer to that one is: 
"It's going to be a big enough problem 
to build a moderate priced receiver to 
operate on the better system. Dual op
eration receivers would be costly and 
wasteful of the public's money." 

The television problem is now again 
before industry, government, and pub
lic. We are on the eve of writing a pre-
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scriptiQn that should serve for a long 
time to come. The stake in television 
of my own organization is great. It 
has been in business for over a quar
ter of a century - on only one basis, 
that of being fair with the public. 
I want television as eagerly and as soon 
as anyone wants it. I have everything 
to gain from its coming into public use 
quickly. But if we are not coming out 
with improved television after the war, 
the public and the dealers should be 
told now. 

CABOTERE 

ExJracled from Sweel Polaloes 

By Use 01 Acelone 

RECOGNIZING sweet potatoes as an im
portant potential source of carotene, or 
provitamin A, government researchers 
have been investigating possible meth
ods of large-scale extraction. One of 
these methods, employing acetone, gave 
a product of 90 percent purity in a yield 
of about 39 percent. 

The acetone extraction was carried 
out in four or five stages, the first two 
serving to dehydrate the potato pulp 
but absorbing little carotene. The third 
and fourth stages, in which a larger 
volume of acetone was used, extracted 
most of the ' carotene which was subse
quently crystalized out.-U. S. I. Chemi
cal News. 

GLASS-BEIlfFOBCED PLASTICS 

Oller Possibilities lor 
Production Processes 

SUCCESSFUL flight tests of an Army 
basic training plane equipped with a 
glass-reinforced plastic fuselage, side 
panels, and tail cone, have culminated 
a research program, initiated by the 
Army Air Forces Materiel Command, 
Wright Field, aimed at developing 
high-strength plastic structural mate
rials for use in aircraft construction. 

The experimental plastic fuselage is 
of sandwich construction. The sand
wich consists of a balsa wood core be
tween an inner and outer skin of plastic 
reinforced with fibrous glass cloth. 
Ground destruction tests of three 
fuselages of the same design--one of 
glass-reinforced plastic, one of metal, 

and one of plywood-indicate that tor 
equivalent weight the glass sandwich 
fuselage is considerably the stronger. 

On a strength-weight basis the 
glass-reinforced fuselage is 50 percent 
stronger than the metal fuselage and 
80 percent stronger than the wooden 
fuselage now in service. Firing tests 
have indicated that the glass-rein
forced fuselage would be satisfactory 
under gunfire. The material did not 
flower and high explosive projectiles 
failed to detonate because of the low 
density of the material. 

While plastics, including glass-rein
forced plastics, are now widely used in 
aircraft construction, they have been 
employed in non-structural applica
tions. The Army Air Forces and the 
aviation industry have sought a high 
strength, light-weight plastic material 
that can be molded into intricate shapes 
without high pressures, high tempera
tures or expensive molds, and that can 
be used for structural or non-structural 
parts. 

Until now the project has been close
ly guarded but a. part of the data de
veloped by the Air-Forces-initiated re
search program is being revealed in the 
hope that it will provide a basis for 
factory production of high-strength 
plastic structural materials. While the 
program was undertaken primarily be
cause of its potential contribution to 
aviation, results are expected to in
fluence developments in other fields, 
including the automotive, marine, and 
building. 

The glass reinforcements employed 
in fabricating the laminates were heat- . 
treated Fiberglas cloths and short, fine 
fibers known as Fiberglas flock. The 
resins were Plaskon 900, Laminac P-
4122, MR-1A, Monsanto 38691, CR-39, 
and CR-149. 

The sheets were cured at a pressure 
of 15 pounds per square inch in an 
electrically heated hot-air oven. Speci
mens were cut from the cured sheets 
and were machined and tested. Test re
sults indicate that on a strength-to
weight ratio, glass cloth laminates pos
sess physical properties comparable to 
those of a number of the metal alloys 
now used for aircraft structural parts .. 

Tensile strengths · were found to be 
proportional to the amount of glass 
present in the laminates, and varied 
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inch. Compression strengths as high 
as 56,820 pounds per square inch were 
obtained. Flexural values ranged be
tween 45,350 and 84,600 pounds per 
square inch .. Impact strengths of un
notched specimens were from 28.82 to 
31.25 foot pounds. Modulus of elas
ticity was 2,200,000 pounds per square 
inch. Average specific gravity was 1.75. 
These values are for cross-laminated 
glass cloth. Strength values approxi
mately twice as high may be obtained 
with parallel-laminated cloth. 

BAIL TBA VEL TOMOBBOW 

Will Place Grealer Emphasis 

on Passenger Comlorl 

I T'S GOING to take comfortable, attrac
tive, fast, and safe trains arid low fares 
to win a fair share of the post-war 
travel market, railroads agree, but they 
have many different ideas about the 
specific ways of meeting the problem. 

That is the substance of a recent re
port released by Pullman-Standard Car 
Manufacturing Company based on per
sonal interviews with high officials of 
71 Class I railroads owning 92 percent 
of the passenger cars of the country. 

One subject on which there is no 
argument whatsoever is weight. Every 
road responding to the question was of 
the opinion that all future equipment 
would be of lightweight construction. 

A nearly unanimous opinion in favor 
of standardization of equipment was 
returned by the roads. They felt that 
many benefits could be derived if at 
least basic cars could be standardized, 
thus eliminating the need for custom 
engineerin!, but they advan\!ed no sug
gestions as to how this could be 
achieved. Car interiors, they thought, 
would remain individualized. 

In the opinion of all respondents to 
the survey the most important single 
factor that will determine the success 
or failure of post-war passenger busi
ness is passenger comfort. In this cate
gory were included such items as 
riding qualities, reduction of noise, 
comfortable seats, adequate lighting, 
improved washroom facilities, adequate 
luggage space, and better heating and 
air conditioning. 

A need for extra seat comfort is im-

Piles of qlass cloth for fabricaUnq an airplane fuselaqe 
. .  are impreqnated with resin, then laid over d male 

mold, and trimmed before transfer to the female mold 

In the female .mold the trimmed plies are covered with 
a rubber sheet which is sealed at the edqes. By creat· 
Inq a vacuum, atmospheric pressure replaces autoclaves 
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perauve, eSpeCiallY on lOng naws, mose 
discussing this subject declared. Three 
fourths of them voted for reclining 
seats, with a greater degree of recline 
on long-distance trains than on short
haul runs. 

Better lighting is also needed, in the 
opinion of the majority. Although some 
held that this could best be accom
plished by general overhead illulnina
tion, others thought that supplementary 
individual lighting was necessary. 

The question of what to . do about 
more luggage space brought a variety 
of answers. They included larger over
head racks, space under the seat, a 
compartment at . the end of the car, and 
a well in the floor. Two roads, describ
ing overhead racks as unsightly, would 
elinlinate them entirely and make other 
provisions for luggage. 

The railroads expect to stay in the 
passenger business and they intend to 
go after it with the best equipment 
available, according to the survey. They 
feel that air competition can be met 
to some extent on a cost basis, while 
the challenge of buses and private 
automobiles can be answered on a cost. 
comfort, and time- saving basis. 

BBITTLE STEEL 

OIl.D BaS1lUs ill 
PraseDca 01 Hydrogen 

TINY amounts of hydrogen in steel, 
even as small as one two-thousandth 
of a percent by weight, can make steel 
brittle, and should be avoided in mak
ing metal for important war uses where 
toughness or ductility is essential. This 
is mdicated by researches performed by 
Dr. Herbert H. Uhlig, metallurgist in 
the General Electric Research Labora
tory. 

While the effect of hydrogen is evi
dent in ordinary . steel, it is exaggerated 
in most steels containing manganese, 
Dr. Uhlig says. On the other hand, 
certain special manganese steels do not 
show it. This is attributed to a dif
ferent arrangement of the molecules in 
the lattice that makes up the metal 
crystals. In general where they have 
the arrangement known as "face cen
tered," more hydrogen is dissolved than 
in the alternative "body-centered" lat
tice. 

In the body-centered lattice, the 
atoms are arranged in cubes, one at 
each corner and one at the center. The 
center atom of each ' cube forms a 
corner of adjacent cubes, and so they 
interlock. The face-centered arrange
ment, on the other hand, has an atom 
in the center of each face of the cube, 
and there is no interlocking. 

GLUE-LIlIE TEMPEBATUBE 

Highly Imperlul in 

GlaiDg Tacui .. a 

U.,UU1W wwperslure or aegree 01 neat 
at the glue line to convert the resin 
glue. With cold-press resins and warm
temperature-sefting resins, the bond is 
developed by a chelnical reaction which 
takes place in the glue. The applica:" 
tion of heat accelerates this chemical 
action and, inversely, low temperatures 
retard the chelnical reaction often to an 
extent that the resin is not converted 
and a satisfactory bond is not pro
duced. 

For cold-setting urea resins it is gen
erally recognized that a lninimum 
temperature of 70 degrees, Fahrenheit, 
is desirable. In fact, when gluing with 
cold-setting urea resins is done at 
lower temperatures, frequently proper 
water resistance is not developed. What 
is actually desired is a minimum temp-

means 

Such an increase in light 
transmission now means an 
image 50% brighter. It alSo 

reduced internal reflections and 
consequentjlare--contrast sharpened. And 
this can mean, in many cases, to the ob
server with binocular glued to his eyes, the 
difference between · a blank wall and a 
clearly defined silhouette of an enemy 
vessel or plane. 

This special Bausch & Lomb process of 
glass coating is permanent-cannot be 
injured by any attack that would not injure 
a similar tlncoated surface. Bausch & I T IS NOT always too well recognized 

that temperature plays a most important 
part in gluing operations. It affects Lomb was first in the world, more than 

the working life of the glue and also four years ago, to make commercial use of 
the time required to develop a glue 

erature ot IU degrees at the glue line. 
Today practically all synthetic resins 

are formulated to meet certain govern
ment specifications and in most cases 
there are performance standards to be 
met, while in others, process specifica
tions must be followed. The purpose 
of these specifications is to insure a 
satisfactory bond with the required 
water resistance so that the assemblies 
will meet all field requirements. It is 
common knowledge among synthetic 
resin manufacturers that cold-set bond 
may have good dry strength and yet be 
lacking in water resistance. This may 
be true for either fresh or salt water 
exposure. This does not mean that the 
resin supplied does not meet the speci
fication, but rather that the resin was 
not used in accordance with established 

this optical development. Every binocular 
produced by Bansch & Lomb-as well as 
the optical systems of many other B&L 
military instruments-has this coated 
surface treatment. 

When you buy your new Bausch & 
Lomb Binocular after the war, you will 
enjoy this amazing light transmission 
advantage. 

E S T A B L I  S H  E O  1 8  5 3  

bond after assemblies have been made. Makers of Optical Glass and a Complete Line of Optical Instruments for Military 
With 'hot-press resins, if requires a Use, Education, Research, Industry and Eyesight Correction and Conservation 
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procedures for the particular type of 
resin. 

Warm-temperature-settihg phenolic 
resins are entering ' the market, par
ticularly for marine use. It is important 
that these glues be subjected to prop
erly .controlled conditions, most impor
tant of which is the final temperature 
of the glue line. A good dry bond that 
has been produced at temperatures too 
low to fully convert the resin does not 
insure . satisfactory water resistance, 
particularly for marine uses. 

With some glues, and under adverse 
conditions, kilning after clamping is 
used to insure proper glue line temp
erature.-L. W. Eilertsen, in "Construc
tion Glues." 

TIME SA'IIGS 

As Developed hy a 

Welding Sbop Foreman 

A NY method that promises to save 
time and makes work easier for the shop 
men is encouraged in the welding de
partment of Republic Structural Iron 
Works. In the fabrication of welded 
steel bases which are designed with 
numerous :t;ibs welded at right angles 
to steel plates, the cleaning of weld 
spatter was a considerable item in 
labor costs. This was solved by using a 
spatter-proof liquid, called No-Spat, 
which was brushed on the steel, cover
ing about two inches on each side of 
the weld. 

Alex Dawson, welding foreman, de
cided that brushing was too slow so he 
designed a simple air-operated spray to 
eliminate the brushing. Obviously, 
when the steel base was sprayed a 
larger surface was covered by the No
Spat liquid. This led to an even more 
important time- and labor-saving dis
covery. 

After these bases are fabricated they 
are placed in a furnace, given a stress
relief heat treatment and then cooled 
slowly in still air. This treatment re
moves shrinkage stresses in the welded 
steel. But this ,treatment also leaves an 
oxide film on steel ' and seems to make 
mill scale harder to remove. Dawson 
noticed that surfaces covered by No
Spat left the mill scale much looser on 
the steel and the oxide film was much 
easier to remove. Now all steel struc-
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This qiant motor. that will 
develop 1 8.000 horsepower at 
5 1 4  revolutions per minute. 
will drive the 24·foot fan 
in a new Boeinq wind-tunnel. 
In the photoqraph. taken In the 
Westinqhouse shop. a work
man is shown checkinq the 
temperature of the air stream 
which cools the inner parts 
of the motor when in operation 

tures are sprayed completely before 
and after welding. Even though they 
may remain in an open yard for sev
eral days, waiting their turn to go in 
the furnace, the surface is protected 
from rusting. Instead of the usual 
three-hour cleaning time per base after 
heat treatment, the time has been re
duced to 1% hours and a much cleaner 
and smoother surface remains to receive 
the priming coat of paint. 

WIRD-TUDEL 'MOTOR 

Uses Magnelic Conpling 10 
Vary Speed 01 Fan 

AN ELECTRICALLY driven hurricane-a 
powerful flow of air which may travel 
nearly as fast as sound-is helping 
Boeing aeronautical engineers design 
future descendants of the famous Fly
ing Fortress for war or peace-time use. 

Power center of this man-made gale 
is an 18,000 horsepower electric motor 
which, while capable of developing 
as much power as 225 automobile 
engines, takes up little more floor space 
than a single five-passenger sedan. It 
has been installed to drive the fan in 
the concrete wind tunnel where Boeing 
engineers will investigate the behavior 
of planes, wing shapes, airfoils and 
other parts or sections of aircraft, at 
any desired speed up to approximately 
700 miles an hour. Sound travels about 
741 miles an hour in dry air at a tem
perature of 32 degrees, Fahrenheit. 

At top speed, the rotor�rotating 
central portion�f the Boeing wind 
tunnel motor revolves 514 times a 
minute to turn a multi-bladed pro
peller-like fan .24 feet in diameter in 
the back section of the tunnel. Tips of 
the 16 fan blades at this speed are trav
eling more than 442 miles an hour. 

The motor is connected to the fan 
by a magnetic coupling and a 10-ton 
steel shaft 37 feet long. Motor, shaft, 
propeller hub, bearings, electric power 
transformers, and much of the other 
electrical apparatus for the tunnel, 
were made by Westinghouse. The mag
netic coupling and its control were sup
plied by the Dynamatic Corporation. 

By using the magnetic coupling, 
it is possible to vary the fan speed 
while the motor continues 'at 'a steady 
pace. Inside . the coupling are two , re-

volving metal rings, separated by an 
air gap and. having no mechanical con:
nection. The ring on the motor side is 
electro-magnetized so that when it 
turns it pulls the other ring around 
in the same direction, thus transmit
ting power from the motor to the fan 
shaft through air. 

By increasing the amount of elec
tricity passed through the electromag
net, its pull on the fan shaft ring is 
·stronger, hence more of the motor's 
power goes into turning the fan. Thus 
the speed of the fan and the speed of 
the air stream in the tunnel can be 
controlled without varying the speed of 
the driving motor. When the propeller 
speed is reduced, the extra power pro
duced by the motor is converted into 
heat in the coupling, and is removed 
by water flowing tl;trough the coupling 
jacket. 

STEEL MILLIRG 

Improved hy Redncing 

lumber 01 Culler Teelh 

I N  MILLlNG steel with cemented car
bides, one of the most important con
siderations is the selection of the cor
rect number of teeth on the cutter. 
Since increased cutting speed means 
more cubic inches of metal removed 
per minute, and therefore greater 
power consumption, it frequently be
comes necessary�ue to power limi
tations-to reduce the load in some 
manner. It usually proves to be better 
practice in such a case to reduce the 
number of cutter teeth rather than 
either the feed or the cutting speed. 
Maintaining sufficient feed per tooth is 
important in steel cutting-:-particularly 
in roughing-to provide both sufficient 
tooth loading and adequate load dis
tribution back of the cutting edge. 

This is well illustrated by a typical 
milling operation on steel parts. This 
concerned the milling of mastel: con
necting rod steel forgings by six"inch 
diameter inserted blade face ·niiils hav
ing 14 cemented carbide-tipped blades. 
The cutters used were · standard type 
face , mills operated at a peripheral 
speed 6f about 400 feet per iniriute and 
with a feed of .0015-inch per tooth. 
After milling about ten connecting rods, 
tHe cutting edges were chipped bad
ly, several of the cemented carbide 
tips being in such a condition as to 
make desirable the installation of new 
blades. This meant that after the dam
aged blades were replaced, the blades 
had to be re-set in the proper relation 
to each other and extra time had to 
be spent in grinding to put the cutter 
in good working . order again. 

An examination of the less damaged 
cutter teeth showed that the light feed 
for each tooth being used had increased 
the width of the "wear land" behind 
the cutting edges sufficiently so that 
the increased pressUre due to dulling of 
the cutting edges was beginning to 
cause portions of the cutting edges 
to chip out. . 

In an attempt to increase production 
per grind and to cut down the time 
spent in repairing the damaged cutters, 
every other tooth was removed from 
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eacncutfer. The remaining teeth were 
then resharpened exactly as they had 
been previously, an operation requir
ing a relatively shorter time than be
fore. The same speed in feet per minute 
and the same table travel in inches 
per minute were used in these trials 
as had been previously employed. This, 
however-due to the number of teeth 
which had been removed-resulted in 
a feed of .003-inch per tooth rather 
than the original feed of .0016-inch per 
tooth. 

The increase in feed per tooth en
abled the cutters to machine some 30 
connecting rods per grind instead of the 
previous total of ten. On inspection, the 
cutters showed merely a normal dulling 
of the teeth. No chipping of the cutting 
edges and no broken teeth were in 
evidence. The teeth required only a 

slight "touch up" with a diamond im
pregnated grinding wheel to put them 
into first-class condition again. 

Furthermore, with this change only 
three face mills per machine were 
needed to- keep the operation going, 
one cutter being on the milling ma
chine; one at the milling machine 
ready to be used; and the third in the 
grinding room being re-sharpened. 

ROCKET POWEB 

Bas Bright Fatare, 

Says ,Aathority 

POST-WAR industries will spring from 
wartime development of rockets, jet
propulsion planes, and gas turbines, ac
cording to G. Edward Pendray, a 
founder and former president of the 
American Rocket Society, who recently 
told the New York Electrical Society 
that the size of the:;;e new industries 
will depend largely upon the progress 
that scientists and engineers are able 
to make during the remainder of the 
war. 

"There is nothing fantastic about 
rocket power any more," he said, "and 
the rocket is no longer merely an en
tertaining addition to a fireworks dis
play.- The rocket gun has been made a 
deadly weapon. The bazooka and the 
Russian Katiusha knock tanks out of 
battles while the Germans mount sim
ilar guns on their fighter planes in an 
attempt to smash the formation of our 
bombing planes. 

"The jet-propulsion motor, close kin 
to the, rocket, has been brought to the 
point .• where both Britain and the 
United States are using it as the power 
plant for fighter planes. And the gas 
turbine is maturing so rapidly that in 
a very Jew:years we may see it driving 
planes, locomotives, and electric gen
erators." 

Eventually, Mr. Pendray said, rocket 
power may enable man to build a 1500-
mile-an-hour plane which will whisk a 
businessman' from a Montreal break
fast to lunch in London and have him 
back in Canada by nightfall after an 
afternoon conference in the British 
capital. 

"But before that day arrives," he 
'sa:id, . "the rocket will have to go 
through a long series of improvements. 
In the meantime it will do many less 
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Ingenious New 

Technical Methods 
Presented in the hope that they will 
prove interesting and useful to you. 

New Air Tool Drives "blind" Rivets 
Accurately • • •  Automatically 

Installing "blind" RIVNUTS quickly with pre
cise, positive upset while working entirely from 
one siae is now possible with the recently developed 
Auto RIV-Driver. Completely automatic, the tool 
runs a threaded mandrel into a Rivnut, upsets it, 
backs the mandrel out and stops the tool. Operators 
simply press a throttle; make no manual adjust
ments for any operation. Rivnuts are installed 6 to 
S times faster than formerly; rejects are almost 
completely eliminated. . 

The tool can be adjusted to upset at any depth 
required. Once set, adjustment IS tamper-p'roof
every Rivnut is driven accurately and uniformly. 
An Indicator on the tool handle lights when the 
upset is correct; does not light if Rivnut is im
properly headed. 

Powered by compressed air, the Auto RIV -Driver 
weighs just 4% pounds; is 91h inches long; balanced 
for efficient handling by women operators. 

You all know that our fighting men need the 
finest quality materials that we here at home can 
produce. That goes for Wrigley's Spearmint, 

, Doublemint and "Juicy Fruit" chewing gum, too. 
Our stock pile of raw materials that goes into the 
making of Quality chewing gum is getting lower 
and I<?w�r. Until we can again. build up our raw 
material Inventory, we are sending all of our lim
ited output of Quality chewing gum to our fighting 
men and women overseas, only. 

You can get complete information from 
the Independent Pneumatic Tool Co., 
600 W.jackJon Blvd., Chicago 6, Ill. 

Rlvnuts 
Co.) areln�"n,'lIy'-thlrea'�ed 
lor can be Installed 
"blind" while working entirely 

from one side of the job. 

Automatic action, positive depth 
control and visual indicator as
sure corred and uniform instal .. 
lation of rivnuts with new Auto 

RIV-Driver 

Y-117 

thrilling but just as useful tasks-for 
example, assisting conventionally 
powered planes during the take-off. A 
plane can fly with a 50 percent greater 
load than it can lift off the ground 
with its own engines. Rockets, there
fore, may increase each payload of 
bombs, passengers, or cargo by several 
tons. Weather-rockets carrying radios 
may be shot into the upper air at hun
dreds of points to provide forecasters 
with instantaneous and highly accurate 
reports about the huge masses of air 
that govern the climate on earth." 

"For war planes and transports, we 
are now building- gasoline engines of 
2000 horsepower or more," he said, 
"but those power plants are rapidly 
approaching their maximum practical 
size. They are made up of thousands 
of finely machined, costly parts which 
require constant maintenance and re
placement. 

The gas turbine, a multi-bladed 
"windmill" driven by a blast of hot, 
rapidly expanding gases created by 
burning oil or gasoline, may eventually 
replace the conventional reciprocating 
gasoline engine in very large airplanes, 
Mr. Pendray said. 

"The gas turbine promises to step in 
at the point where the gasoline engine 
ieaves off. Although it is a simple 
machine,the turbine can deliver large 
amounts of power dependably and effi
ciently." 

The ultimate field for rockets and jet 
propulsion will be in super-stratosphere 
planes of the future, he said. 

"Bojh the gasoline engine and the 
gas turbine require oxygen to support 
combustion," Mr. Pendray explained, 
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Above: Hoses made of a synthetic 
reBln are important parts of this 
Btand for testinq automatic pilots. 
Rlqht: These flexible hoses with· 
stand hydraulic pressure and f1exlnq 

,"while the rocket packs its own oxygen 
in the explosive mixture that is its fuel. 
Even more important, man may even
tually travel at extreme heights where 
there is not suffiCient atmosphere for 
propellers to bite into or for wings to 
push against." 

BESII ROSES 

Solve Prohlems il! Prodaelioa 

Tesliag of laslra.eals 

, wo SMALL instruments responsible 
for precise aerial navigation-the 
Sperry directional gyro and gyro
horizon-together form the gyropilot 
which automatically keeps a plane in 
,level flight and on steady course. The 
unvarying performance of these vital 
gyroscopic instruments must be abso
lutely dependable, and to assure this 
dependability spot-checking of instru
ments will not suffice. It is necessary 
to test each instrument, each com
ponent part of it, as well as each func
tion it must perform. 

Description of one item will illustrate 
the painstaking search that Sperry has 
made . for the material best suited to 
perform each particular function . in the 
testing procedure. This item is the 
hose used for all connections on test 
stands. Five years ago, after a long 
process of elimination, it was found 
that a hose with a .  core of compar, a 
vinyl resin derivative developed by 
Resistoflex Corporation, was the only 
hose capable of meeting satisfactorily 
the rigid requirements of production 
testing. Compar hose, the same as that 
used in many installations of gyro
pilots in aircraft, now is the only line 
used by Sperry in testing of gyropilots. 
Not only does it meet the demands of 
an oil-proof flexible hose that is im
permeable to oil ; it is so wear-re
sistant that in some cases a single line 
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has served for the entire five years 
without showing signs of bulging and 
without loss of tensile strength or flex
ibility. 

In testing instruments for torque, 
hammer. pressures between 150 and 200 
pounds are exerted upon the short 
flexible line 12 times every minute. 
Hammer pressure, which is the sharp, 
almost instantaneous increase in the 
pounds per square inch exerted against 
the wall of the hose by the hydraulic 
oil, has a tendency to cause hose ex
pansion and to aggravate the effect 
of oil flow. With the oil flow varying 
from 1.8 to 3 gallons per minute at a 

temperature around 135 degrees, 
Fahrenheit, the compar hose can be 
seen to writhe under the sudden pres
sure exerted upon it, but without any 
loss in tensile strength. 

Added to this rigid requirement is 
the need for a short flexible line that 
will retain its flexibility despite con
stant coupling and uncoupling, with 
resultant splashing of hydraulic fluid. 
Lines must be bent on a five-inch radi
us to permit cleaning of machines and 
to make certain connections at sharp 
angles. In testing gyro control units, 
a number of them are secured on a 
large oscillating platform. Simulating 
the conditions in flight, this platform 
rolls, pitches, and yaws, causing a con
stant flexing of the short hose. 

Another problem reported solved by 
the ;3doptil'n of plastic hose is that of 
erosion. Formerly instruments had been 
rejected frequently for malfunction 
during tests. It was found that minute . 
flecks or particles had become removed 
from the inside of the hose by the 
high velocity of the oil flow and had 
been trapped in sensitive mechanical 
elements of the system. This condition 
of erosion was rendering instruments 
inoperative, but was immediately 
beaten when com par 'hose was adopted. 

AERIAL SOR'EYS 

Yield lalonaaliea 01 
'alae 10 Eagiaeers 

I F YOU want to know what's under the 
ground, go up in an airplane to find out, 
is the advice of Fred Grieme, Chief of 
the Civil Aeronautics Administration 

' Airport Development Section. 
Aerial photographs can reveal to the 

trained engineer soil characteristics 

which may be all-important m toe 
choice of an airport site, as proved by 
successful tests' ai some 25 CAA airport 
construction jobs. 

By the interpretation of aerial photo
graphs alone, it can be determined what 
the soil · texture of a particular area is 
-whether clay, ' silt, sand, or gravel
and whether its natural drainage is 
good, poor, or non-existant. These two 
factors are vital to choice of an airport 
site which will not require expensive 
fill initially or rebuilding of unstable 
runways later. 

Approximately $150,000 was saved by 
use of aerial photographs at one CAA 
airport project, according to ' Mr, 
Grieme. Estimates had indicated that it 
would be necessary to pay a high price 
to bring gravel to the airport site, until 
study of photographs showed that there 
was a large deposit beneath the surface 
on a nearby farm. . The owner believed 
that the CAA representatives were 
crazy when they made an offer for the 
gravel pit which he didn't know existed 
on his farm. A little digging confirmed 
their assumption. 

Use of aerial photographs supple
ments rather than replaces actual soil 
tests, Mr. Grieme points out. Borings 
are still necessary for obtaining detailed 
information such as depth of various 
strata and bearing strength. Prelimi
nary study of aerial photography, how
ever, is a more economical method of 
selecting a site and locating the run
ways on stable soil than making in
numerable borings. General practice 
at present is to make borings only after 
runways have been laid out. Some
times this results in runways which 
need continual patching, when aerial 
photographs might show that placing 
the runways 200 yards away would 
eliminate this difficulty. 

ROBBER SECRETS 

Solved hy Ose 01 Ihe 

Eleelroa Microseope 

II ATURAL rubber, it has long been 
known, can be separated by suitable 
solvents into two parts, or fractions, 
which differ in their comparative run
iness, or viscosity. The fraction of less 
viscosity is considered to have lower 
molecular weight, and is called the 
sol. That of greater viscosity and higher 
molecular weight is known as the gel. 
Rubber mixtures in which the sol con
stituent is greater are more plastic or 
putty-like than mixtures consisting 
mostly of the gel fraction, which are 
tougher and more elastic. The process 
of vulcanizing is basically one of con
verting much of the sol fraction of nat
ural rubber into gel; thus making the 
material longer wearing in such ap
plications as tires. 

Theoretical explanations for these 
differences are numerous. It has re
mained , for the electron microscope, 
however, to give direct visual evidence 
on which more thorough-going explana
tions may be based. 

Utilizing techniques developed in the 
biological laboratories of the Massa
chusetts Institute of Technology for the 
employment of electron microscopy in 
investigating long-chain molecules 
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characteristic of protein fibers such as 
muscle, a research group at the Insti
tute under the direction of F. O. 
Schmitt, has ascertained facts about the 
structure of . rubber which go far 
toward showing how and why natural 
rubber gets its valuable property of 
elasticity. 

The extremely high magnifications 
obtainable with the electron microscope 
-as high as 100,000 diameters were 
used in this study-make it possible 
for the researchers to look into the in
nermost structure of rubber and thus 
to see directly the physical situation 
which hitherto could be visualized only 
in theory. The work of the Technology 
group, which also includes E. A. 
Hauser, D. S. leBeau, F. O. Schmitt, and 
P. Talalay, was reported in a paper to 
the American Chemical Society by C. '  E. 
Hall, entitled "Electron Microscope 
Studies of Natural and Synthetic Rub
ber Fibers." 

When fine fibers of rubber are ana
lyzed by electron microscopy, the 
paper stated, the long, flexible mole
cular chains composing the rubber are 
found to be of two structures. The 
first consists of single thread -like fila
ments' along which are strung rounded 
nodules. Both thread and nodules, of 
course, consist of rubber molecules. 
In the nodules, the groups of chains 
are bound by so little cross-linking of 
one chain to another that they may 
slip freely over and about each other, 
so freely in fact that the nodule may 
be referred to as · "fluid." 

The second kind of structure which 
the molecules may form is a highly 
branched network of filaments, criss
crossed and cross-linked into a tight
meshed maze, with fine beadlike knots 
of material strung along the meshed 
fibers. The molecules making up these 
beads are packed far more closely than 
are those composing the nodules of the 
first type of structure, and they are 
cross-linked to each other. Conse
quently, they cannot slip about each 
other freely, and rubber in which this 
second structure predominates is there
fore far tougher and more resilient 
than is the softer, putty"like rubber 
comppsed principally of the "soupy" 
nodular structure. 

The sol fraction of natural rubber, 
these studies have shown, consists 
mainly of nodular structures of the 
first type. The gel fraction has been 
found to consist entirely of the beaded 
networks of the second structural type. 
In these findings is the electron micro
scopic explanation of why sol rubber is 
putty-like and plastic and why gel rub
ber is tougher and springy. 

From the point of view of manufac
ture, . these findings are significant. Be
fore it is vulcanized for the produc
tion of tires or ' other goods, natural 
rubber. is milled, or ground. The mill
ing process breaks down the gel portion 
of the original rubber, increasing the 
sol portion and bringing the whole 
nearer to a compl�tely plastic or putty
like state in . which it can easily be 
molded to desired shapes. The vul
canizing process which follows has as 
its primary purpose that of driving the 
106se sol portion back to

' 
the tighter 

gel state, increasing the proportion of 

JULY 1 944 SCIENTIFIC AMERICAN 

gel by decreasing the proportion of sol, 
and thus bringing the whole back 
nearer to a nonplastic, nonputty-like, 
elastic condition. That this is . the result 
of the process of vulcanization is dem
onstrated by the electron microscopic 
studies, which show vulcanized rubber 
to consist almost wholly of gel struc
tures. 

AIRCRAFT POTTY 

May Find Applicalion lor 

Olber Purposes 

ALTHOUGH Army planes have shed their 
relatively rough coats of camouflage 
paint, the aerodynamic dream of per
fect wing-surface smoothness is yet un
realized, An important step toward the 
irreducible minimum of "skin friction" 
is seen, however, in a flexible, high-ad
hesion aircraft putty which has been 
developed by Du Pont for filling dents 
and cracks between riveted aluminum 
sheets forming aircraft wings. 

So important is wing-surface smooth-

ness in fast fighter planes that it has 
been seriously suggested they be wiped 
free of dust and other small particles 
by service crews before each takeoff, 
Some idea of the toll taken by any de
parture from smooth-as-glass surfaces 
may be had from the Langley Field re
port that a transport flying at 225 miles 
per hour expends 180 horsepower pull
ing rivet heads and lap joints through 
the air. 

Aircraft putties heretofore in use 
either shrank considerably, became 
brittle with age, or were not flexible 
enough to withstand vibration, particu
larly at the low · temperatures of the 
stratosphere. Also, finishing operations 
were retarded because previous put
ties dried slowly. Synthetic resin types 
stick to the putty knife during applica
tion. 

The new Du Pont aircraft putty, it is 
reported, has a buttery consistency and 
stays in place. It displays no tendency 
to flow and therefore maintains the de
sired surface contour. It does not sag 
on vertical surfaces. Both fast-drying 

91ledJion -
mE DISTINGUISHING QUALITY OF soum BEND LAms 

It is for their high precision that 
South Bend Lathes are best known. 
Their dependable accuracy has made 
them first choice for the most exact
ing work in hundreds of essential 
war production plants. Finish turn
ing and boring operations are often 
performed with such exactness that 
subsequent grinding, honing, or lap
ping is unnecessary. 

In war production, there is no 
place for equipment that can not 
hold required tolerances or deliver 
the maximum output. Investigate the 
possibilities of South Bend Lathes 
for handling your exacting jobs with 
greater efficiency. With them, you 

will find it easier to maintain pre
cision tolerances on toolroom and 
production operations. 

POST-WAR PRIORITY PLAN 
To those who cannot qualify for a war

time priority, South Bend Lathe Works 
offers a practical Post-War Priority Plan. 
You can place your order now for any 
South Bend Lathe. No deposit or down 
payment is required. We ask only that 
the order be placed in good faith. When 
civilian producpon is resumed, orders 

will be filled in the seIi�;;=!!!� quence established by 
the numbers of the 
Post-War Priority Cer
tificates. Should con
ditions n e c e ssitate. "iiiiiii:::::!!J the order may be can-

• celled at any time. 

r 
IUY WAR lONDS NOW . . .  SAVE FOR LATHES 

II S O U T H  B E N D L A T H E  W O R K S  
LATHE BUILDIIRS FOR a7 YIEARS • SOUTH BliND 22, INDIANA 
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and exceptionally low in shrinkage, the 
putty weighs about one fifth less than 
conventional putties, always an import
ant factor in . aircraft. 

Now available only for war uses, the 
new aircraft putty is expected to have 
post-war value for such applications as 
the finishing of rough metal castings and 
railroad coaches. 

QUARTZ FILAMEliTS 

Used as Gages iD Ihe 

EleclroD Microscopes 

, HE CROSS BOW, storied weapon of 
medieval times, is being used by re
search engineers as a helpmate to one 
of the most modern of scientific in
struments, the electron microscope. 

Fashioned from tough, flexible steel 
and mounted on a wooden stock, the 

An ancient weapon. the cross bow. 
now draws delie.ate quartz filaments 

cross bow shoots an arrow that draws 
out quartz filaments · '  so fine it would 
take 60 of them to make .the thickness 
of a human hair. The filaments, 1/30,-
000 inch in diameter, are. used to cali
brate the magnifying power of the 
electron microscope. 

"To make such a very delicate 
thread," explains Dr. Alois Langer of 
the Westinghouse Research Labora
tories, "requires a high initial burst of 
speed that 'spins out' the quartz while 
it is in a hot, fluid state and before 
it has a chance to cool and harden. 
The cross bow is about the simplest 
and most efficient instrument for doing 
this." 

Since the electron microscope mag
nifies objects many thousands of times, 
scientists need a very minute "meas
uring stick" by which to gage its 
power. A human hair, for exampie, 
seen under the microscope at its great
est magnification, would resemble a 
cable almost two feet thick. 

Some of the filaments drawn by the 
bow are so delicate that they are 
invisible to the naked eye when viewed 
under direct light, the engineer re
ports. In order to be seen they must 
be held at eye-level against a strong 
li�ht. The light glances off the shiny 
filament, scattering its rays in different 
directions and making the filament 
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appear much larger than it actually is. 
When the Westinghouse engineer 

wants to replenish his supply of fila� 
ments, he places the cross bow in firing 
position and attaches a small, cylindri
cal piece of quartz to the end of the ar
row. ' Using a very hot flame from an 
oxy-hydrogen torch, he heats the quartz 
until it is just about to melt. 

Then he pulls the trigger. The arrow 
darts from the bow at high speed, trail
ing behind it gossamer-like threads of 
quartz. Unbroken pieces up to 20 feet 
in length are not unusual, but ' more 
often the filaments are dispersed in 
smaller sections throughout the route 
the arrow takes. They are extremely 
flexible and can be wound round the 
finger lik� thread. 

To measure the actual thickness of 
the filament, it is first put under the 
electron microscope and gaged by other 
methods of comparison. Once its · di
ameter has been fixed accurately, it 
becomes a "measuring stick" for deter
mining the magnifying power of the 
electron microscope. 

X-BAY IHSPECTIOIl 

Expediled hy Compaci 

EqDipmeDI 

A SAFE,' self-contained, easily operated 
x-ray unit for indl,lstry· is designed ' 
for inspection of parts, assemblies, and 
finished products of metal, hard rub
ber, plastics, ceramics, dielectric mate
rials, and so on. It makes possible 
taking of high quality sharp radio
graphs quickly by plant personnel 
under controlled conditions, without 
the expense of a skilled x-ray techni
cian or the cost of a lead-lined room. 

The Searchray Model 150, as the 
unit is called by North American 
Philips Company, Inc., is simple to 
operate because of fixed milliamperage 
over the entire kilovoltage range. An 
electrical interlock, which interrupts 

. the circuit while the radiographic com
partment is open, eliminates any danger 
to the operator from x-radiation. 

Searchray has a continuous kilovolt 
regulator which permits adjustment 
during viewing operation at any point 
from 0 to 150 kilovolts, so that, de
pending on density and thickness of the 

Simplicity of operation is one fea
ture 'of a new industrial x-ray unit 

part under observation, greater clarity 
on the fluoroscopic screen can be ob
tained. The apparatus can also be set 
for correct metal thickness on ' a direct 
reading scale when radiographs are to 
be taken. A cassette tunnel at the bot
tom of the radiographic compartment 
makes possible the insertion and re
moval of x-ray film or paper without 
disturbing the position of the object. 

Under -this cassette tunnel a fluoro
scopic screen is mounted. The image of 
the obj ect can be viewed in a nUrror 
through a folding eyepiece. The op
erator looks into this while seated in 
front of Searchray. This facilitates the 
positioning of an article before taking 
a radiograph. 

RUBBER PRODUCTIOIl 

Merits 01 Two lIalDral Sources 

BeiDg Tesled ia Baiti 

HAITI, a proving ground for commercial 
development of natural rubber pro
duction in the Western Hemisphere, ex
pects to be producing hevea sheet rub
ber at the rate of at least 1600 tons a 
year by 1954. 

This estimate of Haiti's prospective 
hevea rubber production is made in a 
report on the island republic's expand
ing rubber operations by "A Propos de 
SHAD A," publication of the Haitian
American Agricultural Development 
Corporation (Societe Haitiano-Ameri� 
caine de Developpement Agricole) , bet
ter known as SHADA from the initials 
of its French name. 

. 

SHADA has been harvesting rubber 
from 90 acres of rubber trees that were 
planted at Bayeux in 1903 by two Bel
gian brothers, Fritz and Max Hermann. 
There are 700 hevea and about 5000 
castilla trees. Although around 1914 
there was some tapping of these trees, 
the first interest in rubber died out and 
since then they were left untended and 
utilized as shade for cacao until April, 
1942, when SHADA resumed tapping 
of these trees. 

SHADA, however, is counting for its 
major share of hevea rubber produc
tion on some 3200 acres of new hevea 
trees, now eight feet tall, growin� in 
the Bayeux area. From these trees it 
expects to get 1600 tons of hevea sheet 
rubber a year by 1954. 

The merits of the quick-growing 
cryptostegia vine are being weighed 
with those of the slower-growing 
heve.a tree to determine the better long
range source of natural rubber. The 

'cryptostegia vine can be tapped within 
a year after planting. In the case of 
hevea, however, the tapping is not 
usually begun until the trees are eight 
to ten years old. 

"SHADA believes that rubber has a 
real future in Haiti," says "A Propos 

.de SHAD A," in commenting on the test 
between latex-yielding vines ilnd latex
yielding trees. 

"If soil, climate and other conditions 
prove as favorable as we expect them 
to be, our plantations at Bayeux and 
Grand Anse may be but the beginning 
of hevea rubber production in Haiti. 

"Indeed, the coming decade will offer 
an interesting race between the merits 
and economic value of hevea and cryp-
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tbstegia as sources of rubber for Haiti, 
even though our main project is now 
quick-growing cryptostegia whose war
time crops can be harvested while the 
slower tree rubber is growing up." 

SOYBEAH OIL 

Prodaelioa lacreased by 

Hew Varielies 

F OUR" FIFTHS of the fats and oils the 
United States imported in pre-war 
years will be replaced by the oil from 
the home-grown crop of soybeans, ac
cording to figures developed by Dr. 
M. A. McCall of the United States De
partment of Agriculture in a recent re
view of some of the services of the 
scientific crop improvement activities 
of the Department and the state agri
cultural experiment stations. 

"The critical wartime fat and oil situ
ation has given added pressure for soy
bean production," he said. "In 1941 the 
acreage harvested for beans was 5,855,-
000 acres ; in 1942, it was 10,762,000 
acres; 11,492,000 acres were estimated for 
the 1943 harvest; and a goal of 14,000,-
000 acres has been requested for 1944. 
The increase in the production of this 
crop as a wartime necessity has been 
remarkable. 

"Newly introduced varieties matur
ing satisfactorily in the several areas, 
yet utilizing the full growing season and 
higher in oil content than others previ
ously available, have been a contribu
tion to our war economy hard to over
value. 

"The 14,000,000 acres of soybeans re
quested for 1944, estimated to produce 
17.3 bushels to the acre on the aver
age, should give 242,500,000 bushels of 
beans of which 180,000,000 should be 
available for crushing. This should 
produce 1.6 billion pounds of oil." 

TOOL LIFE LERGTBEIED 

By Hew Melhod 01 
Chromiam Plaliag 

A METHOD termed "wholly new in 
metallurgy" which lengthens the life of 
cutting tools from two to fifty times 
by means of chromium plating and an 
after-treatment of soaking in hot oil 
at 350 degrees, Fahrenheit, for an hour, 
was described before the American 
Society of Mechanical Engineers by 
Axel Lunqbye, Chief Engineer of the 
Crowell-Collier Publishing Company. 

Mr. Lundbye, originator of the Lund
bye process, explained that plating 
chromium onto steel, with the after
treatment to release hydrogen, results 
in the chromium becoming an integral 
part of the underlying material. The 
process avoids the peeling and scaling 
from the base metal when pressure 
is applied. This had formerly prevented 
wider use of effective plating. He stated 
that, by chromium plating blades only 
a few micro-inches thick, and giving 
them the oil treatment, the life of the 
blades was increased from 8 hours to 
110 hours minimum. Many companies 
have found, he declared, that tool life 
has been increased two, three, four, and 
up to fifty times. 

Several . hundred manufacturers are 
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SOILLESS PLAN T GROWTH 
HAS GONE TO WAR� TOO! 

SEVERAL years ago hydroponics, or 
"soilless growth of plants," was designated 
as one of the outstanding developments 
of the age. The truth of this prediction i s  
proved by the many ways i n  which soil
less growth is serving the war effort . 

In many places where weather or geo
graphic conditions make regular garden
ing impossible, fresh vegetables are being 
grown without soil for Army and Air 
Corps personnel . As the conquest of 
Pacific islands proceeds, hydroponics will 
be increasingly used ; it was in fact well . 
established on Wake Island long before 
Pearl Harbor. 

Soilless culture is also playing a vital 
part in industrial research . The Goodyear Tire and Rubber Co. is 
experimenting with new types of cotton fiber for use in tires . The 
plants are grown in greenhouses by the soilless method, which 
permits the exact control of nutrient conditions so essential for 
scientific work. 

Learn more about this simple, productive method ! You can have a 
soilless Victory garden at negligible expense ! This is the first and 
still the most widely read book on all phases of the subj ect. Plant 
requirements, formulas and explicit directions are given in 

SOILLESS GROWTH OF PLA NTS 
By Carleton El l is and Mil ler W. Swaney 

The table of contents includes in part : Growing Flowers and Vegetables 
for the Family; Commercial Aspects; Plant Hormones; Doubling Chromo
somes in Plants, etc. 

160 Pages 60 Illustrations - 3 in color $2.75 

Send for New Free 1 944 Catalog, "Let's Look It Up" (200 Titles) 

REINHOLD PUBLISHING CORP. 
332 West 42nd Street New York 1 8, N. Y. 

Also publishers of Chemical Engineering Catalogue, Metal Industries Catalogue, 
Metals & Alloys, Technical, Scientific & Architectural Books. 

now using this process in their plants. 
It is especially adapted to tools and 
machine parts which are subject to 
wear, corrosion, bending, shock, and 
heavy load. The process results in an 
increase in the wearing quality of ma
chine parts, less friction, and easier 
and smoother operation. 

Rubber Company of a fire-resistant 
asbestos product made of less critical 
ingredients. Welding, die casting, rivet
ing, intricate metal processing, pattern 
making, leather and fabric pipe cover
ing, and metal forming, previously all 
essential musts in the building of these 
systems, have been eliminated. 

PLIABLE F ABBIC 

Can be Used ia 

Venlilaling Daels 

MILLIONS of man hours have been 
saved, and practically all metal has 
been eliminated from heating and ven
tilating air-duct systems of aircraft 
by the development by United States 

The development of this pliable 
fabric has made possible high speed 
production schedules in the aircraft in
dustry for it can be twisted and turnf!d 
or completely deformed, yet easily re
turned to its original shape without 
effort. 

The simplicity of construction and 
the ease of application and installation 
of this new system allows this material 
to be formed into radii and intricate 
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Lifting or holding 
magnets.. like cut 
... . . .  . each $4.00 

One Ounce magnet 
in a 1 .... x 1" x B2" 

frame will sup-

SIZE I'hXZ'/2 p�.
r
.
t . .  � . .  l.�s: :�.�� 

ALNICO Pocket Pieces 11/16" x 9/16" x ��" -
. . .  . . .  . . .  . . .  . .. .. , . . . . . . . . . . . . . . . . . . .  pair $1.00 

Horse Shoe Magnets %" x 'lh" x %" pair $1.25 Ith" x' %" Watch size GEAR BOX 150 to 1 
Ratio . . . . . . . . . . . . . . . . . . . . . .  351 . . . .  3 for $1.00 

SKlNDERVIKEN Transmitter. Button with 
16 page Experiments Booklet . . . . . . . . . . .  $1.00 

BLAN, 64D Dey Street, New York 1, N. Y. 

Experimental and Model Work 
PIDe In.trumenla and PIne Maoblnel'7 Inventlonc Developed 8pec1al Teoll. Die •• Oear OUttina. h. 

"_NIY ZUtfll. Inc .• 117 LaftIy .... St •• N.Y. 11. N.Y. 

NOW - Repair your own ELEC
TRICAL APPUANCES with 
CHANITE Self-W'elding ' ELEC
TRICAL HEATING ELEMENT 
flux. Generous amount, instructions 
enclosed. $1.00 postpaid. 

CHANITE SALES COM PANY 
9 1 4  Sou'" Moin Fort Worth 4, Texos 

M AT H E M ATICS D I C T I O N A R Y  
recalls arithmetic and lubsequebt .u�je.Ch, 

in clear concise language. Savel - 'trouble 

in .eriotts matters, for the trivial COlt of 

$3 .00. Used widely by laymen and odea· 
lisil. Order from The Scientific Americaa 
or The Digell Pr .... Depl. 2A. Va .. Nuy •• 
California. 

When you write to 
advertisers 
• The Editor will appreciate it if you will mention that 

you S C I E N T I F I C  saw it in A M  E H I  C A  N 
-

tItiJt·tItiJi u,GI��T 

fis 
M o st B e aut i f u l  F u r  

Small Investmenl 
Large Profit 

� 
Free Illustrated Booklet 

W I LLOW B ItOOK FARM 
R. D. 93. Selle.rlville. Pa. 

TECHNIQU E  OF PLYWOOD 
B, CHARLES B. NORRIS 
Plywood demand It skyrocketing in 
the production of wartime housinc, 
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 aad drawings.)42.SQ postpaid. 

FOR SALE BY 
SCIENTIFIC AMERICAN 

24 W. 40th St. New York l a. N. Y. 

New and Used M icroscoPBS 
BOUGHT - SOLD - REPAIRED 
There is a vital need for used micro
scopes, scientific, optical apparatus 
and accessories-you will help the 
war effort by sending them in to 01- , 

4)hip at our expense tor offer. THE 
HIGHEST CASH PRICES PAID re
gardless of condition. ' 

National Scientific Instrument Co. 
1 1 9  Chambers 51. BA. 7·9234. N.Y.C. 7 
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angles and shapes for fittings in a mat
ter of minutes. It eliminates the neces
sity of making patterns and bending 
and fitting joints and elbows with 
strategic materials. These systems are 
assembled and cemented together with 
a special synthetic rubber compound. 

GLASS "BOLLEB SKATES" 

Are Aclaally Miaialare 

Beariags lor laslrameals 

THEY LOOK like streamlined roller
skate wheels, but they're actually 
molded glass bearings no bigger than 

A miracle of moldinq--qlass bear· 
Inqs as small as Ihe head 01 a pin 

the head of a pin. Enlarged hundreds 
of times in the accompanying photo, 
the smallest bearing is about . . 006 inch 
in diameter. Developed to replace sap
phire bearings formerly produced by 
Swiss craftsmen using horsehairs as 
drills, they support spinning metal 
parts in miniature General Electric 
communications and aircraft instru
ments for the armed forces. 

YULCAHIZllfG SYHTBETIC BUBBEB 

Improved Throagh Use 

01 Hew Ageals 

SINCE the general-purpose synthetic 
rubber, GR-S, made its formal debut, 
chemists have been concerned with 
two vital problems: They have striven 
to improve the tack of this polymer 
and to achieve precise control of its 
vulcanization. 

Extensive tests have shown that 
alkyl phenol sulfides !>erve the dual 
purpose of imparting tack and acting 
as vulcanizing agents for GR-S rubber. 
One method of imparting tack to syn,;, 
thetic rubber has involved the addition 
of organic materials. To overcome the 
second problem, the approach followed 
by rubber chemists has been the correct 

' choice of accelerators to be used with 
sulfur vulcanization as well as careful 
adjustment of quantity used. 

p-tertiary-amylphenol-disulphide is 
an example of the alkyl phenol sulfide 
class of vulcanizing agents which mixes 
readily with synthetic rubber of the 
butadiene type to impart upon vul
canization superior tensile strength and 
improved elongation, together with 
greater resistance to tear and cracking 
under flexure. All these factors con
tribute to the improvement of GR-S 
synthetic rubber. 

The improved synthetic rubber com
positions made available through the 
use of these new organic vulcanizini 
agents are outstandingly resistant to 

deterioration by heat and. as such, give 
promise for such applications as inner 
tubes and the carcass section of tires . 
These agents, by virtue of both their 
tack-imparting quality and vulcanizing 
power, are proving of interest in the 
formulation of rubber footwear stocks . 
They are also adapted to ' the manu
facture of improved synthetic rubbec 
goods for industrial uses. 

The basic raw materials used in the 
manufacture of the new vulcanizing 
agents are readily available. Marked 
improvement in the present synthetic 
rubber, without changing the present 
method of manufacture, may be real
ized through use of alkyl phenol sul 
fide vulcanizing agents. 

TBUCK TIBE 

Life Exteaded by 

ImprOVed Design 

I EW design and construction of a 
Goodrich truck tire make it run cooler 

. than ever before. Reduced tread 
thickness at the shoulders and addition 
of new ventilating grooves in the 
shoulder blocks, are the principal 
changes in the tire construction which 

Cross-seclion 01 the new truck tire. 
showinq shoulder ventilalinq qrooves 

lessen operating heat, while other im
provements in design reduce dangers of 
sidewall cracking. The sidewall has 
been made thicker at the base of the 
grooves between the shoulder blocks, 
and the ornamental rib on the sidewall 
constructed shallower to provide bett�r 
distribution of stresses. . 

DfDUSTBIAL TELEVISrOH 

Caa Serve 10 Improve 

Process CODtrol 

POTENTIALITIES of television as a new 
and effective aid to industry after the 
war have been described by Ralph R. 
Beal, Assistant to the Vice President 
in Charge of RCA Laboratories, who 
envisages television as the coming 
"eyes" of factories, the "means of co
ordinating activities in giant manufac
turing plants, and the means als6 of 
peering into places and situations that 
might be inaccessible or extremely 
hazardous to man." 

"We know now." the research engi
neer declares, ''J.1.ow it can be used to 

SCIENTIFIC AMERICAN JULY 1 944 



extend the eyesight of the plant manager 
to critical operations that ordinarily 
would require much time and effort to 
reach for personal inspection or which 
might even be inaccessible-how tele
vision can aid immeasurably in plant 
control. 

"Television cameras at strategic 
points can be connected by wire to re
ceivers where production experts, fore
men, and supervisors can follow the 
flow .of fabricated or raw materials and 
watch the progress of the work. Such 
setups will be particularly valuable in 
mass-production assembly lines, and 
they may be extended to include load
ing platforms and shipping rooms." 

According to Mr. 'Beal, television 
cameras may be used in connection 
with chemical reaction chambers, mak
ing visible to the operator without 
personal risk the chain of events oc
curring in complicated chemical pro
duction units, and thus enable him to 
control the process with optimum re
sults. He says that specially-built 
cameras may be used in furnaces to 
observe steps in the formation of al
loys, and that others 'may solve vital 
problems of analysis in important in
dustrial processes. 

CAUSTIC REMOVAL 

Facilitaled hy Use 01 
Bicarhonate 01 Soda 

REM.oVING excess caustic from goods in 
various textile finishing operations by a 
new process makes use of bicarbonate 
of soda instead of sulfuric acid, ' which 
has been employed heretofore. It is 
claimed that the new process makes 
unnecessary the use of acid-resistant 
equipment, mmImlZes hazards to 
:vorkers, reduces the number of steps 
m some pro�essing operations, and im
proves the quality of the �ods. 

The applications in which the process, 
developed by The Mathieson Alkali 
Works, has thus far been found success
ful include removal of caustic after 
continuous jig scouring or mercerizing 
of open-width heavy fabrics, after warp 
yarn mercerizing, after kiering, and 
after caustic steaming. 

PBOTEIII COIICEIITBA TE 

May he Used as BD Ingredient 

in Animal Feed 

I � TIME of pr.otein shortage, high-pro
tem concentrate can be obtained by 
means of alkali extraction from grass 
and used an an animal feed ingredient, 
according to an article in Food In� 
dustries. 

.. 

"Of value as a concentrate for ani
�als requiring low-fiber, high-protein 
dIet may be the extraction of dried 
grass which, with sodium hydroxide 
solution and the neutralization of the 
resulting solution with acid, yields a 
precipitate containing a high concentra
tion of protein, a considerable amount 
of carotene, and an insignificant amount 
of lignin and cellulose. Such a product 
is. higher in protein than most protein 
concentrates, being exceeded only -by I those of animal .origin. It is also higher I 
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than . many animal feeds in carotene, a 
considerable part of the pigment in the 
grass having been absorbed by the pro
tein precipitate," according to the 
article. 

"A ton of dried forage of mixed type 
grass taken from plots early in May 
should yield about 285 pounds of dried 
product. Further purification of the 
crude product, as far as protein con
centration . is concerned, may be ob
tained by 'extraction with alcohol. By 
this process the green coloring matter 
is removed and the resulting product 
is tasteless, though nearly black in 
color. It contains over 72 percent pro
tein on the dry basis. 

"The residual grass 
have some food value. 
laboratory tests about 

material may 
It yielded in 

875 pounds a 

ton. It is green in color and has the 
appearapce of a palatable stock feed 
The alkaline treatment alone should not 
have affected it adversely since such 
treatment has been shown to increase 
the digestibility of straw," the magazine 
states. 

"Enormous quantities of protein-con
taining forage are unused annually by 
over-production during lush periods of 
growth, in discarded lawn clippings, and 
on ungrazed roadsides. Surpluses . may 
be restored to the soil for their fertility 
value as well as preserved in silage or 
hay, and there is also this possibility of 
converting the protein, which is the 
most expensive of the three major food 
constituents, into a less bulky and non
perishable form to supplement the diet 
of many animals�" 

Many Wollensak instruments prized 
by sports-loving Americans before the war are 
now serving on .our fighting fronts. After Vic
(ory, Wollensak binoculars . . .  the Rambler 
Field Glass . . .  Vari-P.ower TelescQpe . . .  
SP.otting Scope and other fine glasses will 
again be available-improved by Wo l lensak's 
wartime experience in precision manufacture. 
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The Morse Decimalizer 
For accurate placing ot decimal point 111 

Involved computations with slide rule Or 
other devices. Pocket size, easily manip

ulated, durable. ' In leather case, U. Extra 
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Army Haversacks 
heavy canvas, with pockets, 
second hand, with ieather 
sling. Postpaid for $1.00. 
1940 75th Anniversary cataiog, 
30S pages, 2000 illustrations, 
mailed for 50 cents. 1944 cir
cular for 3c stamp. 

Francis Bannerman Sons 
501 Broadway. N .  Y. 1 2  

New Products 
SOLDERLESS CONNECTORS 

A TERMINAL connector fpr electrical 
wiring which has its insulation bonded 
to the terminal so that no insulation 
sleeving is required eliminates several 
tedious steps in making insulated elec
trical terminal connections. Developed 
by Aircraft-Marine Products, Inc., the 
connector eliminates the work of fitting 
and adjusting separate pieces of in
sulation sleeving over terminal con
nections. 

The insulated terminal incorporates 
another important advantage in that it 

A simple crimping tool replClces the 
soldering iron on solderless lug!! 

also supplants conventional soldering 
methods. Press dies, or a simple hand 
tool resembling a pair of pliers, crimp 
the terminal connector and the wire it 
holds into a homogeneous mass, mak
ing a perfect electrical and mechanical 
connection. 

These solderless connectors are also 
available in uninsulated form. Where 
conditions require, they may be ob
tained in styles fabricated from cor
rosion-resisting metal. ' 

VACUUM·TUBE VOLT -METER 

SPECIAL features of a new vacuum
tube volt-meter, made by Televiso 
Products, Inc., include high sensitivity, 
stabilized zero, and a built-in standard 
cell for calibration checks. Voltage 
ranges are .5-5-50-200 A.C., full scale. 
It is accurate to 2 percent of full scale 
on voltage, 2 ' percent on frequency to 
150 megacycles. 

This new volt-meter has automatic 
zero adjustment on all ranges. Read
ings vary 1 percent with 10 percent line 
voltage fluctuation. It is used for RF
AF production and laboratory measure
ments by communications and elec
tronic equipment manufacturers. 

REA TER REP AIR 

B ROKEN and burned out electrical 
electrical heating elements can be 
quickly and effectively repaired through 
the use of a new flux developed by the 
Chanite Sales Company. This flux, 
which incorporates a number of differ
ent natural materials, is applied to the 
broken element without special tools. 

When a heating element has been 
burned out, it is necessary only to 

stretch the wire a bit so that the broken 
ends can be lightly j oined, or to bridge 
the gap with another piece of wire, 
following which the wires are moist
ened with water applied with a piece 
of wood or a match stick. The moist
ened stick is then used to apply a small 
amount of the flux to the joint and the 
current is turned on. The flux instantly 
melts and forms a perfect bond between 
the ends of the wire. 

It is claimed that joints thus made 
are as strong as the original wire and 
that any number of joints can be made 
in a heating element without affecting 
its utility. The flux is inexpensive and 
is used in extremely small quantities 
per joint. 

COLD PADDING GLUE 

A SYNTHETIC resin-type cold padding 
glue, which is reported to successfully 
replace pre-war rubber, latex com
pounds, is called Pliatab. Available in 
red or white (natural) color, and in 
containers ranging from one quart to 
55 gallons, it comes ready to use with 
a moistened brush or, diluted with wa
ter, in a spray gun. This product, re
cently perfected by Paisley Products, 
Inc., serves equally well with all grades 
of papers, backing boards, and for 
many special gluing operations on cloth 
and leather bindings. 

FLUXMETER 

As AN AID in production of radio and 
radar instruments, a new type elec
tronic fluxmeter has been developed by 
J. Thos. Rhamstine. The unit also may 
be used for checking and comparing the 
magnetic flux of any shape or type of 
permenent magnet. 

Designed primarily for checking the 
saturation of special Alnico meter mag
nets, this new device can be used for 
comparing various types of magnet 
steel. Different sizes and shapes of 
search coils may be used and may be 
small enough to insert ' in the air gap 
of assembled meters. 

A direct reading indicating meter 

Magnetic flux is read direct 
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shows the flux as long as the search 
coil is in the magnetic field. This new 
permeability comparator has no mov
ing parts except for the indicating 
meter, and employs a special vacuum 
tube circut operating from the A.C. 

mains. 

ACETA TE GROMMETS 

SPUN acetate grommets, produced by 
Precision Paper Tube Company, are re
vealing marked superiorities in aircraft, 
hydraulic controls, small motors, 
lamps-in fact, in the many purposes 
for which small grotnmets are used. 

Manufactured of acetate film, spirally 
wound and laminated for greatest 
strength, these grommets provide high 
insulating properties combined with the 
non-shatterable toughness of the ma
terial. Light weight, resistance to oil, 
moisture, and all climatic conditions 
are also advantages. 

The main feature is the ease of as
sembly made possible by the. method of 
manufacture. Grommets are supplied 
with one end spun, inserted in place, 
and subsequently spun over on stand-

Left.: Acetate qrommets ready for as· 
sembly . and. riqht. rollinq the qrom· 
mets on a small standard drill press 

ard drill press equipment with special 
tools supplied by Precision. 

The heat of the spinning operation 
actually shrinks the thermo-plastic ma
terial, so that a tight fitting, tough, 
permanent insulation results. 

PRECISION COUNTERSINK 

To FILL the need of precision counter
sinking of large rivets, bolts, and 
screws, th.e Aero Tool Company has 
developed a large-sized micrometer 
stop countersink. This new tool, which 
countersinks up to 1% inches, is capable 
of countersinking %-inch rivets, and 
can be instantly and positively locked 
at each micrometer setting in incre
ments . .  of .001 inch. Adjustments are 
made manually and can be made while 
the tool is in operation. 

ETCHER AND DEMAGNETIZER 

A NEW tool that is ready for instant use 
as either an etcher or demagnetizer, is 
enclosed in an attractive case with a 
removable, hinged cover. 

To etch small tools and parts, they 
are placed on the work-plate, a switch 
is turned "On" to proper heat, the etch
ing is started. A ground clamp is pro
vided for etching parts too large for the 
work-plate. 

4.. wide range of heats is provided 
for marking all iron, steel, and their 
alloys from small delicate parts up to 
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large, smooth castings. An indicating 
lamp glows brighter as each higher heat 
is used. 

To demagnetize, it is necessary only 
to turn the switch "On" to either Num-

For . etchinq or demaqnetizinq 

ber 1 or Number 2 position and proceed 
as with an ordinary demagnetizer. 
Maximum rating is 5.5 amperes. Over
all pole area, 13% square inches. 

BRONZE-ON-STEEL 

BRONZE faced pistons, which may well 
cause a small revolution in the manu
facture of such parts, are made by a 
method which involves flame spraying 
of bronze on steel. The successful ap
plication of that method by the Neo 
Mold company's process (now proved 
under the most gruelling practical use) 
is the first of its kind, although attempts 
have been made in the past to achieve 
this particular result by other bronze
on-steel methods. Comparatively light 
steel blanks are sprayed with a special 
bronze alloy to a thickness of approxi
mately .045 inch on the bearing surface. 
This is 'rough machined in the initial 
production, then given the required 
,high finish, with oil grooves. 

Pistons for aircraft landing struts 
were formerly machined from bronze 
castings. Each required about seven 
pounds of bronze. Now made by the 
new process, some three and a half 
pounds of bronze are saved on each 
piston, and the finished product is 
lighter than the old pistons. Chief ad
vantage is that· the strength of steel is 
combined with the bearing qualities of 
bronze. Neo Mold �etallurgists claim 
that the end-product is a bronze facing 
which for this application is superior 
to that of a machined bronze casting, 
one. important factor being its oil bear
ing quality. Having a extremely fine 
porosity, the sprayed bronze absorbs 
and retains oil, becomes self-oiling. 

This process is now being applied to 
all types of pistons for compressors and 
pumps, where a combination of 
strength, lightness, and wearing quality 
is essential. 

AIR STERILIZER 

I NDUSTRY can now safely apply a 
principle widely used in .the hospital 
field-the germicidal effects of ultra
violet rays to the disinfection of the 
air-in plants and offices througb the 
use of a new device known as Hyge-

. aire System. .This system is a combina
tion of the well-known G.E Germici
dal Tube and a patented reflector in 

Don't Let Shortages 
Stop Your Experiments 
You Can STILL Get LOW COST 

� L E N S E S--, 
Ne", . • .  Finely GTound and Polished ",ilh Edges 

Very Slightly Chipped! 

P L U S  F R E E, Helpful Project S H E ETS 

Set # 1 05-5 "The Gadgeteer's Delight" 
35 Lenses for $5�0, Postpaid 

For experimental optics, magnifying, mak
ing Galilean telescopes, and for many uses 
in photography such as copying, ultra close
up shots, making telephoto lens. Koda
chrome and Stereoscopic viewers, and for 
many other uses. 

Set # 1 20-5 "The Experimenter's Dream" 
60 Lenses and 50 Page illustrated Booklet 

"Fun With Chipped Edge Lenses" 
for $1 0.00 Postpaid 

Contains all the lenses in the above sets 
plus 25 others that make this a "sensational 
buy." The variety of lenses in this set will 
enable you to conduct countless experi
ments, and build many optical gadgets. All 
our lenses are neatly packed and marked 
for diameter and focal length. 

SENSATIONAL WAR BARGAIN 
I N  RO O F  P RISMS 

The Facts: 
Before the War, Roof Prisms of this 
quality retailed for about $30.00. Ours 
were manufactured for use in Government 
telescopes, etc. but were ground to a size 
a fraction of an inch too small for the 
mount. Therefore, you save up to $28.50 
or more. ?i" Wide, 90-45-45 degrees, ground 
to super-accuracy of not more than one to 
two rings off - Borosilicate Crown - In
dex 1 .517. Roof Prisms invert the image as 
well as bend the rays. Limit of 6 to a 
customer. 

Roof Prism # 5 - AS - $2.50 Postpaid. 
A few of these are chipped but maj ority 
are perfect. Roof is corrected to extreme 
accuracy of plus or minus two seconds and 
are acceptable for deviation' and definition. 

Roof Prism #5 - BS - $1.50 P.P. 
A few chipped but most were rej ected 
because roof angle was off trifle more 
than two seconds. Excellent for most uses 
except for instruments of over 3 power. 

Experimenters! Research Laboratories! 
Colleges! A.inateur Telescope Makers! 
Get in on this now as when our supply is 
gone . these will probably never again be 
available at this price. 

F L A S H ! 
RHlescope Lenses 

Set #2000-S . . .  5 Achromats, matched, 
cemented, ready for construction of fine 
3I/z power scope which would retail up 
to $50.00. A rare opportunity ! Full instruc
tions included. $1 1 .00 P.P. 

E D M U N D  SALVAGE C O M P A N Y  
2 7  W ... t Clinton Avenue. Dept. 7 

P. O. Audubon. New Jersey 
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CUTS COSTS 
in many plant operations 

BURGESS . 
vibl-a • 'taal 

(Trade Mark Reg. U. S. Pat. OII. ) 

helps speed production • • • saves man 
hours by marking, filing, chiseling, groov
ing soft metals, instantaneously-electrically. 
Hardest steel easily marked with our 
special Tantalum Carbide needle. Vibro
Tool also cuts into rubber, cloth, cardboard 
- . thin plastics· and wo.ods. Available 
immediately, on priority. 

. 

COMES COMPLETE WITH $ 7 0 
��R E��I� VIN� . ":������ � 

Write JOT descriptive arc"' •• 

( H A N D I C R A F T  D I V I S I ON )  
B U R G E S S  BATTE RY COM PA N Y  
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TH E H ENRY SYSTEM 
Of Finger Print 

Classification 
and 

Identification 

is now in use by mOl' 
of the Police Departments in the 
United States. It is also ' the system 
which applicants for many Civil 
Service positions must master before 
they can successfully 611 all require
ments. 
The only book based on the Henry 
Syttem is Frederick Kuhne' •• 

"TH E FINGER PRINT 
INSTRUCTOR" 

In this 182-page book, written by • 
DOted finger print expert who was 
for many yean 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 
photojtraphs and reproductions of 
prints make all details clear. 
U.ed by many governmental and 
industrial personnel departments 
and by the F.B.I. 

$4,25 postpaid 
New 1942 Printing 

Drll., Fre. SCIENTIFIC AMEIlICIl 

14 Wesl 40111 Sireel, Ne. York 1 8, N. Y. 

the fixture designed to project a zone 
of protection across an area above eye
level. Air-borne bact�ria and viruses 
are carried into the zone of ultra-violet 
rays, and to their deaths, by convected 
air currents, giving to the protected 
space the germicidal effect of 100 air 
changes per hour. 

Industry will find in Hygeaire 
System, made by the American Ster
ilizer Company, a new tool with which 
to help combat absenteeism, disrupted 
production schedules, and unavailabil
ity of key personnel. 

DIAMOND RAND RONE 

DESIGNED with the diamonds set in a 
hard metal bond, a new hand hone 
provides an improved method for keep
ing cutting edges keen. Just a few 
strokes will quickly sharpen high-speed 
steel . as well as the hardest grades of 
cemented carbide-tipped tools. It is 
claimed this hone holds its flat sur
face longer and will not score, groove, 
or chip. 

METAL MARKING 

Y IELDING 1200 to 1500 impressions per 
hour, a new electrolytic method of 
marking metal is announced by the 
Acme Metal Marking Equipment Com
pany. By means of Met-L-Etch, as the 
system is called, names, numbers, 
trade marks, inspection symbols, and 
other data are quickly and permanently 
etched on smooth metal surfaces with
out the use of acid. The part to be 
marked does not need any special prep
aration, nor does it require cleaning or 
neutralizing after being marked. 

The operating procedure is simple. 
A drop of conductive solution, good for 
500 impressions, is applied to. a silver 
pad on which rests a celluloid stencil 
engraved with the mark to be etched; 
The part to be marked is placed on the 
stencil in contact with adjustable guide 
posts. The current is turned on by a 
slight pressure, one second being suf
ficient to produce a permanent mark 
that cannot be eradicated without re
moving the surface of the part itself. 

Electrolytic metal marklnq unit 

Two models of Met-L-Etch are of
fered, one for marking flat surfaces, the 
other for marking the periphery of 
round parts. 

RIGGERS' FORMING VISE 

FOR splicing and clamping wire rope 
and cable for forming around the 
thimble,. or in forming slings, a new 

Wire rope Is held securely 

rigger's vise has been announced by 
Patrick - McDermott and Company. 
Known as the P-M Portable Riggers' 
Forming Vise, the unit is designed and 
built in such a manner that the shaft 
levers give complete and easy control 
of both front and back jaws. Wire rope 
or cable is securely held and formed in 
the vise, with guards to protect the 
threads from damage by and friction of 
the Wire rope. Rigid construction as
sures great strength and durability. 

ELECTBOPLATIRG COMPUTER 

AN AIl) to the electroplater and plating 
chemist, made available by the Hanson
Van Winkle-Munning Company, is 
called the Jernstedt Electroplating 
Computer. It does for the plater what 
the slide rule accomplishes for the 
engineer-makes use of logarithmic 
scales to eliminate lengthy calculations. 
Accuracy of control and a minimum 
loss of time are the results, after the 
plater becomes familiar with its opera
tion. 

Among other things, the instrument 
accomplishes the following: Computes 
chemical additions required in a plating 
bath of any gallonage. Indicates weight 
of metal deposited on unit area, given 
the thickness. Gives plating time re
quired to deposit a given thickness of 
any metal. Computes current density 
required to produce a deposit of given 
thickness. Indicates thickness of de
posit resulting from an established 
plating time at a known current. 

PLASTICIZER SUBSTITUTE 

SHORTAGE of the critical materials 
forming the usual plasticizers for cellu
lose acetate is being effectively re
lieved by PHD, a development of The 
Neville Company, according to a report 
from the company's research labora
tory. 

PHD can replace up to 50 percent of 
the usual expensive plasticizers for 
cellulose acetate. It is a viscous, resin
ous liquid, so that the total plasticizing 
oil content of PHD-made compositions 
is somewhat higher than when the 
ordinary plasticizers are used alone. 

These plasticized compositions are 
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beirig used as injection molding com
pounds for small industrial molded 
pieces, insulation parts, and for con
sumer articles such . as pens, pencils, 
combs, and the like; and lacquers when 
dissolved in solvents. 

TWO·IM·OME VALVE 

DESIGNED for either a high pressure 
drop and small volume or a low pres
sure drop and large volume, a dual
purpose butterfly valve operates beyond 
the limitations of a single valve .. Close 
control and shut-off of volume and 
pressure can be obtained and the valve 
is easily adapted to power operation. 

The larger beveled vane seats against 
the body of the valve, while the smaller 
vane is free revolving. Four to six 
revolutions of the hand wheel com
pletely open or close either valve vane. 

Dual·purpose butterfly valve 

This type of valve, developed by R-S 
Products Corporation, is available in 
various combinations of sizes and for 
oper�ting pressures of 15 to 900 pounds 
per square inch. 

PROTECTIVE FILM 

ANTI-CORROSION films for steel can be 
obtained by the use of Sublan, a prod
uct of the Glyco Products Company, 
Inc. Polished panels protected with a 
Sublan-mineral-oil mixture have been 
stored for 10 months and showed no 
rusting. Furthermore, the film supresses 
latent finger prints on polished steel 
surfaces. The film is readily removed 
by a cold solvent wash or dip. 

FREQUENCY METER 

FEATURES of a new direct-reading 
Norelco frequency meter include eight 
ranges covering 0-50,000 cycles and 
sufficient power to operate a strip
chart recorder without an auxiliary 
amplifier. The instrument is of consid
erable value in research and develop
ment and for production, ·  inspection, 
and maintenance applications. 

SAW·TOOTH GAGE 

A CONVENIENT little gadget for lumber 
workers is a polished steel inserted
tooth saw gage, about 6% inches long, 
by which the saw inill ()perator can 
check his filing job in order to obtain 
the best possible lumber. 

The gage, distributed by The Ameri
can Saw Mill Machinery Company, is 
notched and marked so that one can 
instantly square the saw bits with the 
saw and see that each bit projects the 
same distance on each side of the saw, 
in order that each bit will do the same 
amount of work. It is important that 
ea�h bit be checked on both . sides of 
the saw, for only a little oversize by 
any bit on either side will mark the 
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lumber and produce an inferior sawing 
j ob. The gage will be sent gratis to any 
saw mill operator requesting it. 

FIRE FIGHTER 

DESIGNED especially for fighting both 
flammable liquid fires and ' those of 
electrical origin, a new fire extinguisher 
ejects a stream of "All-Out " dry chemi
cal which, when activated by. heat, 
forms a dense, fire-smothering cloud 
over a flaming area up to 18 feet dis
tant. The insulating qualities of the 
cloud help guard against re-flash and 
create a heat-deflecting screen between 
the operator and flame, permitting 
close-range attack with greater safety 
imd less heat discomfort. The chemical, 
a non-conductor of electricity, is harm
less to humans and to delicate, mecha
nized parts of motors or machinery. 

Weighing only 37 pounds fully 
charged, the "All-Out " extinguisher 
is easily maneuvered and can be quick
ly recharged at the scene of the. fire. 

ALL·PLASTIC GOGGLE 

J UST announced by Willson Products, 
Inc., is the new MonoGoggle designed 
to provide high impact strength, unob
structed vision, and the highest degree 

Safety. comfort. unobstructed vision 

of comfort. WeiglJ.ing only 1114 ounces, 
this new streamlined goggle has a re
placeable, nonshatterable crystal-clear 
plastic lens and can be worn comfort
ably over any prescription glasses. 

DO YOU TH I N K  I N  CI RCLES ? 
Do you ask yourself, "How shall I begin; 
what shall I do next?" Have you a con· 
fusion of ideas? Mastery in life, success 
in any enterprise, comes from the subtle 
ability to marshal your thoughts, to call to 
the fore, when an emergency arises, the 
proper mental powers. Mentally, you are 
an aggregate of forces. Why dissipate them 
because of lack of knowledge of how to 
properly use them? Learn to unite them, 
and you will have at yOUl command, a 
tremendous power for accomplishment. 

SEND FOR FREE BOOK 
The Rosicrucians have preserved for 

centuries knowledge of the secret method 
for the development of mind power and 
the direction of man's unused inner facul· 
ties. This wisdom, not strange or mys
terious, has changed t�e course of life for 
many men and women throughout the 
world. Write for the free, sealed book. 
which explains how you may obtain this 
helpful information. Address: Scribe L.J.1. 

9h.e RO S I C R U C I A N S  
[ A M O R C }  

California San Jose 
(Not a religiollt organization) 

roo IAI Ii.' 
When trouble occurs it's too la.te to order needed 
equipment. General Detroit's 4S-page Buyers' 
Encyclopedia coyers fire fighting, plant protection, 
safety. industrial maintenance. 500 different Hhard
to-get" items-boots to barrel trucks • .  sirens to 
safety supplies. No obligation. Write General 
Detroit Corp .. Dept. 2·E. 2270 E. Jelferson. Detroit 7. 

* BUY WAR BONDS * 

4,000 Parts Per 
Day with 

DI ·AeRO Bender 
('Enclosed i s  picture 

taken in our plant which 
proves the DI·ACRO Bend· 

er will do 'a real production 
job. We are making 4,000 com· 

pleted parts per day which i. 
competitive to most 
P o w e r  P r e s s e s . "  
( Name on request. )  

Here i .  a n  example of "DIB·LBSS DUPLICATING" typical 
of a great variety of formed P ...... readily made with DI·ACRO 
PrecisioD Machines - Benders, · Brakest Shears. Picture shows 
the finished part formed to die precision, including acute 
right angle bend. Women operating DI·ACRO UNITS 
maintain a high out·put on production work. SEND FOR CATALOG 

67l11!;IWDiDiiii" ---'�:-:41""�-:�"'·�«;':-:�-:::6""�-t::-:.v-:::f""5.-=SM""OI=::UJ=�:-:---' 
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I ,  

P O O R  
E Y E S I G H T ? 
Try the New PIKE 

Electric Reader 
A boon for elderly peo
ple and others with poor eyesight. Wonderful for 
doctors, scientists and 
draftsmen. 
Write for free information 
and details of this new In· 
vention that makes read· 
ing' matter 3 times larger 

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

We Want Your Forging Idea -

Leading Mid·Western forge shop 
with immense · facilities wants post· 
war forging ideas to utilize present 
equipment. Splendid opportunity to 
cash in. Practical idea, a patent, 
or already manufactured product. 
Interested in anything ' using forgo 
ings. Will make proposition to suit. 
License, purchase outright, manu· 
facture·sales or other satisfactory 
arrangement. Write immediately. 
All communications confidential 
and fully protected. Give complete 
details, but withhold patent papers 
first letter. Your interests safe· 
guarded. Act now. 

Address Box 250 Publication 

SCIENTIFIC AMERICAN 
24 W. 40th St . •  N .  Y. 1 8. N .  Y. 

-WE WANT A 
Scientific Writer-

W bo is familiar with the design, 

use and application of optical in· 

struments of all kinds to prepare 

publicity, technical artides, catalog 

c�y, etc. Location in progressive 

Eastern community with company 

that i. a leader in its field. Write, 

giving complete details on expe· 

rience, to Box No. �SO, Scientific 

American, 24 We.t 40th St., New 

York 18, N. Y. 

The Binary Slide Rule 
equals a 20 Inch straight 
slide rule in precision. 
Has C, Cl, A,  K, Log, LLI. 
LL2, LL3, LL4, Binary. 
Gives Trig functions to 
Add and Subtract Scales 
1 minute from 0 to 90 
degrees. The englne·dl
vided seales are on white 
enameled metal. Perma ... 
nently accurate. 01a. 8�,",". 
Large figures and gradua ... 
tlons eliminate eyestrain. 
Exceptiona.l value and 

utility. Price with Instructions $5.00, caah or 
C.O.D. Durable case BOc extra. Circulars tree. 
Your money back if you are not entirely satistled. 
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Gilson Slide Rule Co.. Stuart, Fla. 
Slide Rule Makers ,Ince 1915 

Take prompt steptl to protect your in
vention. Delays are dangerous. Get n .... 
FREE book, "Protec', FInance and Sell 
Your Invention," and UInvention Rec
ord" form. Preliminary Information 
free. Reasonable fees. Conscientious 
counse\. Easy payment pran. Learn how 
to protect and sell , your Invlmtlon. 
Write us today. · 

MeMORROW '" BEBMAN 
Rel'lstered Patent AUomeys 

175-R Albee Bldg., Washington 5,� D. 

Metals in Industry 
(Continued from page 21) 

Corps Specification An-A-17 with ten
sile strength of 32,000 pounds per square 
inch minimum, yield strength of 20,-
000 pounds per square inch minimum 
and a minimum elongation of 3 percent 
in 2 inches. The properties of the cast 
alloy reach the foregoing specifications 
within three weeks at room tempera
ture. 

Besides eliminating difficulties often 
associated with heat treating, develop
ment of the alloy has permitted the 
casting of large pieces that would 
otherwise require expensive heat treat
ing equipment and the casting of high
strength aluminum in foundries that 
lack , heat-treating facilities entireiy. 

METAL TOIIRAGES 

Compared for World War I 

aDd World War II 

A' STUDY by WPB of the comparative 
annual rates of consumption of some 
30 leading metals and minerals in this 
war, as compared with World War I, 
shows that magnesium stands at the 
top -of the list with respect to percent
age increase. 

Magnesium is used in this war at 
a rate 1400 times that of World War I. 
Aluminum is next with a current con
sumption rate 20 times as great. Cop
per is being used at five times the rate 
and steel at about twice the rate of 
their consumption in the other war. 

In considering the figures for the 
light metals, impressive though they 
be, it . should be noted that the tonnage 
increase for steel is far and away the 
largest. The country's steel product�on 
in 1918 was about 50 million tons, and in 
1943 is. was about 90 million tons-an 
increase of 40 million tons. Aluminum 
has gone from 50,000 tons to one mil
lion tons, and magnesium from about 
200 tons to 300,000 tons. 

Just the tonnage increase for steel 
actually dwarfs the present total pro
duction ' of all the other metals com
bined. 

SBt1.L FORelRe 

Now Accomplished .y 

Melal-SaviDg Process 

I MPORTANT production ' advantages have 
resulted from the adaptation by Porter
Blairsville Company, a division of H. 
K. 

'Porter Company, Inc., of a new 
method of forging large caliber projec
tiles for the United States Navy. 

Previously straight cavity forgings 
were used as raw material, the opera
tions comprising upsetting and piercing, . 
using a straight punch, in one pass in 
the press ; drawing in a draw bench, 
using five rings; and machining to give 
the proper contour for nosing. Consid-

, erable metal was removed in machining 
the outside of the forging. 

With the "contoured cavity" method 
now in use there is little waste of 
metal. A shaped punch is employed to 
make the contoured cavity, which 

flares out in size from the closed to 
the open end of the forging. Since the 
required taper is produced by forging 
rather than by machining, the metal re
quired per unit has been reduced ap
proximately 13 percent. 

There are other advantages, the Por
ter-Blairsville Company reports. Since 
the contoured cavity is of larger di
ameter, larger punches and mandrels 
are used, and these provide better 
rigidity and less wear in operation. 
More concentric forgings and improved 
tool life result. There is also less ten
dency for the base to punch through 
in drawing. 

CARBIDE TIPS 

Now Applied 10 
UDDsed Tools 

I T has become common to salvage 
used cutting tools by brazing tungsten 
carbide tips to the used steel surface, 
but it is something new to reclaim un
used tools as the Yale and Towne plant 
is now doing. 

In the early days of tipping, carbide 
tools proved so satisfactory that work
men were reluctant to use up the high
speed steel and carbon steel tools still 
in stock. To cut down this dead in
ventory and to achieve some kind of 
early return from the investment in 
these tools it was decided to carbide 
tip all unused tools. Now all unused 
tools are considered merely as blanks 
made for the individual j obs, that are 
placed in final working condition by 
tipping. 

NE STEELS 

Whal is Iheir Falare 

iD Ihe Melals Field? 

F EW technical questions about the 
future loom as large in the minds of 
materials engineers and metallurgists 
as the probable position in the post� 
war era of the NE steels-the American 
wartime emergency steels, made in the 
open hearth, that have properties com
parable to much higher alloy steds for-
merly used. . 

Edwin F. ,Cone has made a survey of 
leading engineering opinion on this sub
ject for Metals and Alloys and offers 
the following conclusions as a preview 
of the future of the NE steels: 

As a class the NE steels are here to 
stay, although the extent of their use 
will be lower than at present Price 
factors as much as anything else will 
set the level of their ultimate use. 

The reasons for a lessened relative 
post-war demand will be (a)  the fus
sier heat-treating' behavior of the NE 
steels, (b) the psychology of favoring 
the familiar over the new or strange, 
(c)  NE steel overpricing, so that either 
the lower prices of the "needled" car
bon steels or the better properties of 
the higher alloy steels become more at
tractive, and (d) sales pressure from 
the alloy producers. 

The older, high-alloy engineering 
steels will regain some (perhaps much) 
of the ground they lost during the war; 
but will . probably not resume ' their 
former relative position. 
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expansion by continuing construction 
of airports and airways on a large 
scale, by installation of blind landing 
facilities, and by general �echnical de
velopment. 

Among other plans, the C .A.A. is 
announcing the installation of auto
matic air traffic control systems in the 
Washington and New York areas. 
These are to be ready for use in 1945. 
They are to be followed by similar in
stallations in Los Angeles, Cincinnati, 
Cleveland, Chicago, and Oakland, Cali
fornia. The position of aircraft will be 
reported and . recorded automatically, 
and other devices will help in the 
work of traffic control. 

So congested may our airways be
come that it will be necessary to route 
traffic around major points in the man
ner used for controlling highway arid 
railroad traffic. 

. 

PROTO TEMPLATE 

Process Speeded by lew 

Change-Making Techniqne 

L IKE DRESSMAKING, the building of an 
airplane requires a full-sized pattern 
-called a template-for each individual 
part, and in the Boeing Fortress, for 
example, there are 30,000 of these parts. 
In former days, these templates were 
built laboriously by hand from conv.en
tional blueprints. Some were made of 
wood and some of steel, but in either 
case the work was slow, and many 
templates required as much as 200 
hours of layout time. But with the 
photographic method of making tem
plates. the process has speeded up im
measurably. 

The great saving in photo templates 
lies in the fact that hundreds of copies 
of a template can be made from one 
photographic negative. The original 
engineer's drawing or master layout is 
made to exact size in the engineering 
department on a sheet of thin steel. 
This master layout is then taken to 

�teel 9ifders support the photo
template camera and connect it to 
easeL insurinq complete riqidity 
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the photo template darkroom for re
production and is placed on a huge 
easel, to which the sheet is held tight
ly by vacuum. The camera which does 
the j ob of photographing this master 
drawing is shown in one of our illus
trations. It weighs some six tons and is 
valued at approximately $20,000. The 
bellows and lens of the camera are iil 
the same room with the easel, but the 
holder for the glass negative is in an 
adjoining room. 

The master drawing is photographed 
on a glass negative about one fifth the 
size of the original drawing. The 
camera which made the original nega
tive is then used as an enlarger and the 
negative image is projected onto a sen
sitized steel sheet to the exact size of 
the piece to be reproduced. 

One of the original problems in speed
ing up work was developing a tech
nique for changing some small detail 
without making an entirely new master 
template. These changes are now printed 
on a translucent, dimensionally stable 
cloth substance, which is sensitized on 
one side. The cloth print is then glued 
on the original template at the point 
where the change is to be made. 

AREA AIRLINES 

Designed 10 Snppiemenl 

Major Ronles 

AN AMBITIOUS yet sensible plan where
by the benefits of scheduled . air ser
vice can be extended to more local 
areas has been put forth by Southwest 
Airways. Called "Area (Feeder) Air
lines," the system is described in · the 
following words: 

"They are lines that would serve 
within untapped, potentially rich trade 
areas ;  feeder systems that would sup
�lement trunk (mll;jor) airlines, carry
mg passengers, mall, and express over 
small city and rural routes radiating 
outward from central air terminals. 
Operating smaller airliners, they would 
bring speedy, reliable, and frequent 
schedules to thousands of communi
ties now untouched by air service
a.n.d where there are no landing Jacili
ties they would still pick up'and deliver 
airmail and cargo through the use 
of a special mechanical device, so that 
rural districts as well as metropolitan 
centers would have direct air service." 

The equipment which would be em
ployed on area airlines includes twin
engine transports designed to accom
modate 10 to 12 passengers and. to carry 
800 to 1000 pounds of mail and express. 
Cruising speed would be approximate
ly 180 miles an hour to assure a sohed
uled speed of 120 miles an hour with 
full ' allowance for time spent in climb
ing into the air, maneuvering, and de':' 
scent. Stations would be only 15 to 20 
miles apart, which would constitute 
a decided element of safety. Helicopters 
might be used in certain areas. The 
operators would be new companies
not those already interested in the great 
transcontinental airways, but relatively 
small though stable concerns which 
understand the needs of certain regions . 
and are willing to devote themselves 
wholeheartedly to the service of those 
regions. 

N o w  D a n d l e  T a r e  
b y  E L E � T R O N I � S  

In the past tare compensation has 
been handled entirely mechanically 
with sliding tare poise, motor driv
en tare poise, adjustable dlal or 
chain loading of lever_ Now for 
the �rst time this vital operation, 
so unportant to unquestioned 
accu�acy, is governed by elec
tronICS, through an ideal union of 
mechanical and electrical princi
ples_ Rotation of the control knob 
through 270 degrees compensates 
for variations in container weight 
within reasonable range from a 
few grains to several pounds. The 
�ew Electronic Tare Compensator 
IS standard equipment in the 
EXAcr WEIGHT Electrograph 
Scale but is obtainable for all 
EXAcr WEIGHT Scales on 
sPecial order. Write for details 
covering this · revolutionary new 
development. 

TH E 
EXACT WEIGHT SCALE 

COMPANY 
65 W. Fifth Ave. Columbus 8, Ohio 
Dept, Ad., 1 1 04  Bay St" Toronto, Canada 

P R E C I S I O S  S C A L 

WANTED : OUTSTANDING PHYSICIST 
To take charge of lab ; exceptional 
opportunity in the development of air· 
craft instruments and products with 
post-war future. 

SI M M O N DS A E ROC ESSO R I ES, I N C. 
'30 Rockefeller Ptaza 
New York, New . York 
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O C U L A R  R E T I C U L E  
Micrometer Disc for eyepiece. Suitable for 
Microscopes. Telescopes. Surveying. Sighting and 
other optical measuring instruments. Also for 
measuring, counting and loca.ting (as with cross
hair ) .  Extremely accurate ruling. When resting 
on diaphragm, ruling can be seen in the field of 
view superimposed on image. Diameter .829" . 
Crosshair and numbered net rulings. 

sent postpaid. Worth many 
times more. Quantity strictly 
limited. Remit with order. 

Our price only . . . . . . . .  . . . 

HARRY ROSS Scientific & Laboratory Apparatus 
68-70 West Broadway 

N ew York 7, ·N . Y. 

Scientific American's 
two telescope hooks 
AMATEUR TELESCOPK 

MAKING and 
AMATEUR TELESCOPE 

MAKINQ.-ADVANCED 

were prepared . before the war, with· 
out the slighteSt thought of sale to 
professionals. Came the war. Hun· 

. dreds of new optical industries 
sprang up. Fewer amateurs found 
time to make telescopes yet sales of 
these books increased 1 Investigation 
of sales revealed that the new indus· 
tries were buying them by the hun· 
dreds 

For their Officials 
For their Technical Staffa 
For their Workmen 

Why? 
Because the basics of precision pro· 
duction in optics are essentially the 
same for amateur and professional 
alike. Today the two book. are hi. 
nearly every optical industry's offices 
in the nation. They "rate I" 
Amateur Telescope Making $4.00 
postpaid, domestic; foreign $4.35 
Amateur Telescope Making-Ad. 
vanced $5.00, domestic; foreign $5.35 
SC I ENTIFIC AMERICAN 

24 west 40tb St., New York 1 8, II. Y. 

N elson Co., 321 So. Wabash Av., Dept . .  2-31, Chicago,4, 11 1 . 

ACHROMATIC LENSES 
ASTRONOMICAL OBJECTIVES 

OPTICAL FLATS, 1/2 WAVE, 

LUMI NIZED DIAGONALS, 1/2 WAVE 

FRONT SURFACE M I RRORS, 1/2 WAVE 
Send f o r  prices a n d  details. 

MA YFLOR PRODUCTS CORP. 
KATONAH, N.  Y. 

POW E R F U L  T E L ESCO P E  LENS  KIT 
Consists 3 "  diameter 7 5 "  focus objective -

SOX and I OOX astronomical eyepieces. Builds 
six.foot refracting telescope. Guaranteed show 
Moon's craters, ring Saturn, moons Jupiter, 
double stars, e.tc. While they last, $ 1 .95 post
paid. With 5 0X terrestrial eyepiece $2.95.  Also 
experim·enters 1 6.piece optical kit-includes 1 2  
assorted lens combining into numerous optical 
hook-ups $ 1 .00. Stamp -brings literature. -
telescope construction plans - test chart for 
measuring definition - power - field, any 
telescope or binoculars. 

Ffleegor Optical Co., SA·6, Sunbury, PlI. 
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C u r r e n l  B u l l e l 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 TABLE OF COMMON HAZARDOUS CHEMI-
CALS is a 32-page compilation giving 

information designed to promote and 
improve methods of fire protection and 
prevention in plants where hazardous 
chemicals must be employed. National 
Fire Protection Association, 6.0 Battery
march Street, Boston la, Massachusetts_ 
-3.0 cents. 

THE USE OF SULPHUR IN THE CONTROL OF 
TRUCK CROP AND CANE FRUIT INSECTS 

AND DISEASES is an 86-page booklet de
scribing the insects and their effect on a 
list of over 50 crops and fruits, and out
lining the proper control uses of sulphur 
in each case. Texas Gulf Sulphur Com
pany, Second National Bank Building, 
Houston 2, Texas.-Gratis. 

A PROPOSED WORLD GOVERNMENT, by 
George A. Birdsall, is a nO-page 

booklet briefly outlining the author's 
plan, its possible effect on the nations, 
and the philosophy of world govern
ment. A Constitution to provide World 
Government is set forth, containing 10 
Articles. George A. Birdsall, 301 South 
Highland Street, Arlington, Virginia.
$1.5.0. 

LARCO DIAMOND TOOLS is a 32-page 
booklet covering the most pertinent 

facts about grinding wheels in question 
and answer form. Also given are cross
sectional views, sizes, and prices of 
various models. Plant Service Depart
ment, Larco Tools, 551 Fifth Avenue, 
New York 1 7, New York.-Gratis. Re
quest this on your business lett.erhead_ 

ALUMINUM IMAGINEERING NOTEBOOK is a 
survey of 12 important economic 

advantages of aluminum plus some ex
amples of things that have become 
realities. Aluminum News-Letter, 2195 
Gulf Building, Pittsburgh 19, Pennsyl
vania.-Gratis. 

GEON RESINS AND PLASTICS is a four-
page folder which outlines the char

acteristics and specific properties of 
four Geon resins and also the charac
teristics of Geon plastics. A partial · list 
of th�ir applications is also presented. 
Chemical Division, B. F. Goodrich Com
pany, Akron, Ohio.-Gratis. 

AN IMPORTANT MESSAGE FOR ALL USERS 
OF INDUSTRIAL TAPES is a six-page 

manual giving suggestions for the 
proper selection, handling, use, and 
storage of industrial adhesive tapes. 
Individual sheets are devoted to in
formation for department heads, em
ployees using tapes, and storeroom 
personnel. These sheets are detachable 

for posting on huiletin boards. B4uer 
and Black, Industrial Tape Division, 
250.0 South Dearborn Street, Chicago 
1 6, Illinois.-Gratis. Request this manual 
on your business letterhead. 

FACTS ABOUT COLOVOLT-THE NEW COLD 
CATHODE Low VOLTAGE LAMP is an 

eight-page booklet containing complete 
data and a listing of 40 features of this 
fluorescent lamp, including instantane
ous starting, wide voltage range, re
duced fire hazard, and a one-year op
erating guarantee. Mr. R. L. Sullivan, 
General Luminescent Corporation, 638 
South Federal Street, Chicago 5, Il
!inois.-Gratis. Request this booklet on 
your business letterhead. 

JEWELS OF INDUSTRY is an illustrated 
folder outlining the significance of 

Eli Whitney's idea of interchange
ability which resulted in mass produc
ton based on precision measurement. 
Also presented is the importance of 
quality control of production. Con
tinental Machines, Inc., 13.01 Washing
ton . Avenue, South, Minneapolis 4, 
Minnesota.-Gratis. 

LIQUID VIBRATING SCREENS is- an eight-
page illustrated booklet covering the 

installation, construction details, dimen
sions, and weights of screens for recov
ering many types of waste products 
and reducing pollution. Link-Belt Com
pany, 3.07 North Michigan Avenue, Chi
cago, . Illinois.-Gratis. 

CANNON PLUGS FOR AIRCRAFT BATTERIES, 
ENGINES AND GENERAL ApPLICATIONS 

is a 24-page bulletin with illustrations, 
sectional views, and data sheets on a 
variety of battery connectors. Also pre
sented is a summary of the uses, styles, 
and features of all the types of con
nectors. Catalog Department, Cannon 
Electric Development Company, 32.09 
Humboldt Street, Los Angeles 31, Cali
fornia.-Gratis. 

ECONOMY BOILER BAFFLES is an illus-
trated bulletin · showing how fuel 

economy and greater steam generating 
capacity can be achieved by the mod
ernization and proper location of baf:. 
Res. The Ramtite Company, Division 
of The S. Obermayer Company, 2563 
West 18th Street, Chicago 8, Illinois.
Gratis. 

CHERRY BLIND RIVETS is a 36-page man, 
ual describing and illustrating drill

ing the hole, selection of the rivet, op
eration, installation procedure, tools, 
and inspection technique. Request 
Manual B-44. Cherry Rivet Company, 
231 Winston Street, Los Angeles 13, 
California.-Gratis. 

SIMMONDS PRODUCTS FLY WITH FAMOUS 
PLANES is an eight-page illustrated 

booklet describing a group of advanced 
aircraft and industrial products-an 
automatic engine control, preCISIOn 
push-pull control, hydraulic fuse, and 
chronometric radiosonde. Post-war 
plans of the company are · outlined. 
Simmonds Aerocessories. Inc . .  3.0 Rocke
feller Plaza, New York 20, N�w York.
Gratis. 
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Our  Book Co rner 
THE BOOK DEPARTMENT of Scientific 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 scientific and technical fields. In addition. 
they are ready at . all , times to advise ,you regarding the best available 
books on any subject. You are invited. to use this service freely. Ten our 
Book Department what ,kind of books you want. and you will be fumished 
with ' the 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 just what you are looking for. Books listed 
in these columns may ' be ordered from our Book Department. Add 2 5  
cents per' book for 'rilailing outside U. S .  
TO MAKE CERTAIN " lhat books ordered by or for men i n  the Army. 
locctted ' in 'the' Uriited Staieli. 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. 1 0¢, additional; from $5 to 
$25. 20¢; from $25 {6 $50. 30¢. 
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OIL III THE EARTH 

By Wallace E. Prall 

FOUR lectures delivered ' ' before the 
students of the Department" of Ge

ology, Universtiy of KansaS, form , the' 
basis for this elen;umtarY discussion of 
a highly ' i,nlportant natural resource. 
The text deals briefly with the. nature 
of oil, . its origin, and the .  formatioI,lS in 
which it is found. It then surveys �he 
oil geology of the United States with 
side-glances at foreign sources. How oil 
is found and whom it belongs to-in
ternationally speaking - completes the 
text of this compact little . book, which 
ends on the note that a way must ' be 
found to free ouselves of our present 
dependence on oil in the earth. (110 
pages, 5'h by 8'h inches, unillustrated.) 
--$1.35 postpaid.-A.P.P. 

GEJlERAL CHEMISTRY 
By H. G, Deming 

F
OR THOSE who seek to start from 

scratch and learn chemistry at 
home, few or no college textbooks, or 
even high school textbooks, are suit
able.  Two vital factors are lacking-a 
teacher to consult and experiments to 
perform in a well-equipped, going 
laboratory. For those who have already 
studiei'd college chemistry this book 
would give an excellent review and if 
the . study was pursued a generation 
ago it would also provide the larger, 
deeper content required of the student 
today. It is so up-to-date that some 
wartime industrial slants have been em
bodied in it. (711 pages, 5'h by 8If4 
inches, 167 illustrations. ) -$3.85 post
paid.-A.Gl. 

GEOLOGY FOR EURYMAII 

By Sir Alberl Seward 

FASCINATING chapters on geology as an 
amateur's hobby but based almost 

entirely on the geology of Great Britain. 
(312 pages, 5 by . 7'h inches, 19 illustra
tions. ) -$3.35 postpaid.-A.G.1. 

PRACTICAL AIIAL YTIC GEOMETRY WITI 
APPLICATIOIIS TO AIRCRAFT 

By Roy A. Liming 

SPEC�AL book by the head of Engineer
ing Loft Mathematics, North Ameri-
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can Aviatic;m, Inc. ;  being a compre
hensive study of tlie application of 
analytic geometry to the practical 
mathematical definition of airplane 
contours and structures. Pre-requsites: 
algebra, .solid geometry, trig. (272 
pages, 5% by 8If4 inches, plus tables, 
illustrated.) - $4.60 postpaid. -: A.G.1. 

PRODUCTIOII ' COIITROL 
By Asa S� Knowles and Roherl D.  Thomson 

S IMPLIFICATION and standardization of 
production control' methods in in

dustrial plants are highly important in 
efforts to achieve maximum shop ef
ficiency with a minimum of overhead 
expense. Hence this manual for prod
uction men stresses those points of con
trol which are most important in the 
correlation of procedures. The text 
covers storekeeping control, planning 
procedures, four types of industrial con
trol systems, distribution of overhead 
expense, control of variable costs, and 
so on. (272 pages, 6 by 8'h inches, a 
number of photographs and drawings.)  
-$2.60 postpaid.-A .P.P. 

TIE READER OVER YOUR SHOULDER 

By Roherl Graves and Alan Hodge 

THERE have been scores of writers' 
desk books ; this one is altogether 

different and, ' hi fact, unique. It deals 
almost wholly with the kind of final 
polishing-off of written manuscripts 
which all but a few writers omit and 
over which editors have to perspire. 
In fact, · it takes examples of 54 estab
lished authors' writing and subjects 
them to minutely detailed point-by
point criticism; revealing thereby that 
even eminent authors, British and 
American, often write with great care
lessness. It states advanced principles 
of clear writing that are less well cov
ered in the schoolbooks and hand
books. (466 pages, 51;2 by 8If4 inches, 
unillustrated.) -$3.10 postpaid.-A.G .1. 

EXPERIMEIT AIID THEORY III PHYSICS 

By Max Born 

THoSE who are interested in the under
lying philosophies of physics will 

find in this little book by a noted 
physicist a discussion of some of its cur
rent major trends of thought, center-

SAVE 
UP TO 

ON TECHNICAL BOOKS 

Quantities Limited 
Order Now 

Original 
Title Author Price NOW 

Baking Powders 
M"ndelsohn' $4.00 $2 . 5 0  

Hair Dyes & Hair Dyeing 
2 . 5 0  Redgrove 5 .00 

Chemical French 
Dolt 4.00 2.00 

Plant Growth Substances Nicol , 2.00 1 .25 

Technology of Solvents 
. ,  J ordan ' 5 .00 1 0.00 

Chromosomes 
1 . 5 0  White 1 .00 

Chemical Species 
2.00 Timmermans 4.00 

Engineers · Pocketbook 
4.25 , , , 2 .75 c.arom 

Model Boat Building 
Cotrim 2.25 " ' 1. 2 5  

Dictionary of Metals & Alloys 
Camm 3 .00 , , '  1 . 7 5  

Practical Mechanics Handbook 
Camm 4.00 2 . 5 0  

Chemical Warfare 
Wachtel 4.00 " .  2.00 

Sterepgraph�c Projection 
. ,  Sohon 4.00 , 2 . 5 0  

Taking Merchandise Inventory ' . 
Jackson' " " "  4.00 2.00 

Manual · of Endocr,ine Therapy 
Cinberg 3.25 2 . 0!, 

Milling Practice 
Molloy 2.00 1 .00 

Plastic Molding ' , 
Dearie 4.00 2.00 

Tropical Ftuit� 
. . �ukh Oval 2 .75 ' 1 .75  

Gardening Without Soil 
A. H. Phillips " 2.00 1 .2 5  

Engineers Manu al 
Camm 2 . 5 0  1 . 5 0  

Cyclotron 
W. B.  Mann 

Rancidity in Edil?le Fats 
G. H. Lea 

1 . 5 0  1 . 0 0  

4.00 2 . 5 0  

Casein & Its Uses 
H. Hadert 3 .00 1 .5 0  

Utilization of Fats 
H. K. Dean 6.00 3 . 5 0  

Metal Coloring & Finishing 
H. Krause .5.00 3.00 

Structure of Metals & Alloys 
W. Hume,Rothery 2.00 1 .25 

Cosmetic Formulary 
H. Bennett 3 .75 2.00 

Elementary Mathematics for Engineers 
Fleming " , " 2 . 5 0  1 . 5 0  

Review of Driers & Drying 
F .  F.  Bennett 1 .75 1 .00 

Handbook For Chemical Patents 
E. Thomas 4.00 2 .75  

J igs, Tools & Fixtures 
Gates " 4.00 2.00 

Methods & Analysis of Coal & Coke 

Aviation Instrument Manual 
1 . 5 0  1 .00  

5.00 3.00 

Wiring Circuits 
Stuart " . , .  2 5 0  1 .5 0  

Practical Design of Small Motor. 
Molloy " ,  . . .  ' 2 . 5 0  1 . 5 0  

Modern Oil Engine Practice 
E.  Molloy . .  , '  5 .00 3.00 

( To above prices add 1 0  cents domestic postage 
for each book. For foreign postage add 35 cents 

for each book.)  
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The 
E dito r s  
Recommend 
Best Sellers in Science 

EXPERIMENTAL ELECTRONICS - B y  Ralph 
H. .Muller, R. L. Garman, and M. E. Droz. 
A solid book of eminently practical information on 
the characteristics ancI TI 0 u - c ommunication applica
tions o f  electron tubes.  The text describes experi· 
ments and presents results. For students, radio 
engineers, c ommunications experts, and the serious 
general reader. $4. 75 

FORWARD WITH S CIENCE - By Rogers D .  
R u s k .  Philosophical discussions of d evelopments 
c en tering around modern physic s : Newly discovered 
particles, electron microscope. atomic energy, man· 
made radio- activity, cosmic rays, and so on . $3.60 

PLAST:C S  - By J. 11. Dubois. Rc"dsed and en
larged edition of an imp ortant work on the whole 
general subject of plastics, plus much new material 
on synthetic rubber, manufacturing processes, and 
plastic molding . $3.85 

FUNDAMENTALS O F  PERSPECTIVE - By 
TlreQ(lore DePostels, A.1.A. A method. of showing 
the order, or' sequence, in which lines of a perspective 
are drawn . Use of c olors, n umbers, and arrows 
eliminates much text found in other books on this 
subj ect.  20 loose sheets in binder. $2.60 

I NTRODUCTORY PSYCHOLOGY By Law .. 
rence A. At-'erill, Ph.D. How to study, pay atten 
tion, think, learn, remember, meet obstacles, and 
develop a h ealthy mind, character, and p ersonality . 

$2.30 

A TREASURY O F  S(:IE�CE - Edited by Shap· 
ley. Rapport, and Wright.  Choice reprints care· 
fully selected from outstanding scientific 'writings of 
a n o n - technical nature, from C opernicus and Galilea 
dmvn to mod ern authorities. $4.10 

FUNDAMENTALS OF ELECTRICITY - By a 
Staff 0/ Electrical Experts. Although desil4"ncd to 
supply men about to enter military s ervice with a 
foundation for further training, this text will serve 
a similar purpose for anyone desirous of acquiring 
such I;.nowledge_  $ 2 . 1 0  

ELECTRONIC P H Y S I C S  - By llector, L e i n ,  a n d  
Sconton. A simplified t e x t  f o r  t h o s e  who d e s i r e  to 
acquire a sound ba�is for following the advan c e  of 
applied elec tron i c s .  $3.85 

A LABORATORY MANUAL OF PLASTICS AND 
SYi,\TIIETIC RESI'I;S - By G. F. D·.4 1elio. 
How t o  prepare many of the wel1-knm\'n resins and 
plastics in the laboratory . Understanding of the 
text requires a knowledge of organic chemistry. 

$2.10 

MACHINERPS HANDBO OK - 1 2th Edition. 
"Bible of the mechanical industry , "  1815 pages 
of latest standards, data, and information required 
daily in the shop and drafting room . $6.10 

FUNDAMENTALS O F  OPTICAL ENGI:-iEERrNG 
- B,,- Donald H. Jacobs. This new work start8 
out �t the very b eginning, is mainly non- mathe
maticaL and is probably the be!"t st�ited of all 
existing books as an introduction t o  optical d esign . 
Au thor is a physicist at Bureau of Standard s .  $ 5 . 1 0  

PRO CEDURES I N  EXPERIMENTAL PHYSICS -
By John. Strong, Ph.D. A wealth of useful data o f  
a practical k i n d  for the constructor, experimenter. 
and skilled craftsman . $6.80 

STEEL SQUARE P O CKET BOOK - By Dwight 
L . Stoddard. Practical methods for using - the car· 
penter's steel !"quare for layout work of all kinds. 
Time· tried methods used by two generations of car
p enters and found both rapid and accurate. 8 1 .00 

A MAN UAL OF MECHANICAL l\IOVEl\1E.'iTS -
By W. M. Clark. Presents fundamentals on which all 
machines are built. 400 illustrations and 160 photo· 
graphs of mod els demonstrating mechanical principles 
supplement the text.  $2.10 

RAD I O  ENGINEERS' HANDBOOK - By Fred· 
erick Emlnons Termall. An outstanding referen c e  
b o o k  f o r  serions students a n d  engineers_ $ 6 . 1 0  

T O O L  MAKING - By C. B. Cole. In,.tnJ('tions for 
making and using all kinds,  from p ersonal tools to 
arbor presses, lathe�, planers, etc . ,  in different 
metals. 8 3 . 60 

THE ELECTRON M ICROSCOPE - By Burton 
and Kohl. A well·written account of thi,. newest 
tool of science, with all technicalities I?xplained for 
c omplete undel"standing by average p erson s .  83.95 

ENCYCLOPED I A  O F  KNOTS AND FANCY ROPE 
'YORK - By Granm ont and Hansel. More knots 
arc described

· 
in this remarkable b o o k  than in any 

book on seamanship ever published or dreamed of . 
3257 knots are illustrated in half-tone reproduction 
and are described in the text. 8 5 . 1 0  

S L I D E  R U L E  SIMPLIFIED - By C. O. Harri.,. 
How to use a slide rule, without any of the mystifi . 
cation that often surrounds this imp ortant tool of the 
engineer. Excellent illustrations make even"thing 
clear. $3.60 including a slid e rule ; for hook 82.60 
alone .  

PJ.ASTlCS, P ROBLEMS AND PROCESSES - By 
Mansperger and Pepper. The whole story of plas
tics, including a resume of manufactudng processes 
and a number of thorough -going chapters de .... oted to 
p lastic uses.  $ 3 . 1 0  

A COURSE I� POWDER METALLURGY - B y  
Walter J. Baeza. A s o u n d  v i e w  of the o .... er- all s u b 
j ec t  o f  p o w d e r  metallurgy which w i l l  !:" e r v e  as a n  
excellent guide and referen c e  b o o k .  8 3 . 6 0  

THE SCIENCE OF EXPLOSIVES - By �lartin 

2Jfe:fer. The chemistry, production, and analy�is of 
m odern cxplo�i\"es, in simple and readable stvle_ 

$4.60 
HANDBOOK OF CHEMISTRY AND PHYSICS -
A classic referen c e  b ook recently revised and brought 
u p · ta-date t o  keep pace with recent researc h .  In. 
cludes material on all branches of ch emh;try, physics 
and allied sciences.  Used in laboratories and by 
engineers throughout the c ountry . Flexible binding. 
2503 p ages _ $4.10 }� oreign $4.50, postpaid 

ATOMIC ARTI LLERY - By John Kelloch 
Robertson.. Electrons, protons, positrons. photons, 
neutrons, and cosmic rays, all described for the 
layman in p lain language. Also transmutation of the 
clements and the manufacture of artificial radio 
activity. $2.35 

GET TOUGH ! - By Capt.  W. E. Fairbairn.. 
How.to·"win - in .hand-to·hand- fighting dire('tions, by a 
man who reany knows rough- a n d - tumble mcthotl5 �h

i
�t

_ 
are not "clean" fighting but are d t'

.
sigl$e�l

. l
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• The Ahove prices are postpaid in the United States, Add, on foreign orders, • 
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ing around the ones connoted by the 
title, but it will make hard going for 
readers not already backgrounded in 
the philosophy of science. (44 pages, 4% 
by 7 inches, unillustrated, paper covers.)  
-$.85 postpaid.-A.GJ. 

WHERE'S THE MONEY COMING FROM? 

By Stuart Chase 

P
ROBLElVIS of post-war finance are here 

dealt with in a stimulating and en
couraging manner by a well-known 
author whose ability to collect and 
analyze data is outstanding. We know 
that America can produce the material 
necessities and luxuries that everyone 
will want after the war. But where will 
the money come from to pay for them? 
That is the question; the answers given 
have every appearance of plausibility. 
(179 pages, 6 by 8% inches, unillus
trated.) -$1.10 postpaid .-A.P.P. 

CLOUDS AND WEATHER PHENOMENA 

By C. J. P. Cave 

L ITTLE BOOK published in England. Its 
best feature is an unusually fine 

collection of cloud-type halftones on 
fine paper.. These and other phen
omena are explained in the text ( 46 
pages, 5 by 7% inches, 42 illustrations. )  
-$1.85 postpaid.-A.G.I. 

POWER AND FLIGHT 

By Assen Jordanoll 

H Ow the modern aircraft power plant 
works, in technical detail for both 

students and mechanics, is the general 
theme of this well presented book. Al
though technologists are not slighted in 
the process, the text is so presented as 
to be understandable even by laymen 
who have an intelligent interest in mod
ern aircraft. Maintenance of power 
plants is an essential part of the dis
cussion. (314 pages, 7% by 10 inches, 
460 drawings and photographs' ) -$3.60 
postpaid.-A .P.P. 

A TEXT-BOOK OF HISTOLOGY 

By Bremer and Weatherford 

STUDY of microscopic anatomy of ag
gregates of cells and intercellular 

materials ; also of the organs, by the 
same method. Primarily for medical 
students, this subj ect is of interest to 
some microscopists. A standard work. 
(723 pages, 6 by 9 inches, 598 illustra
tions, some in colors. )  - $7.10 postpaid. 
- A.G.l. 

HE'S IN THE DESTROYERS NOW 

By Lt. Comdr. William Exton, Jr. 

A
N INSIDE view of life aboard destroy

ers and an understanding evalua
tion of the qualities needed by the men 
who man them. A delineation of des
troyer duties and their accomplish
ments in this war; the potential weight 
of their combined power in the naval 
contribution to victory. The author has 
served aboard a destroyer and draws 
on his own experiences and those of 
his fellow officers for intimate details 
of destrOYEr action. (224 pages, 6% by 
9% inches, profusely illustrated.) 
$2.85 postpaid. - A.P.P. 
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T e l e s c o p t i c s 
A Monthly Department for the Amateur Telescope Maker 

Conducted by A L B E R T  G .  I N G A L L S  
Editor of the Scientific American books " Amateur Telescope Making" 

and "Amateur Telescope Making-Advanced" 

PROPOSALS for several interesting 
varieties of modified Gregorian tele

scopes, offered to other advanced mem
bers of the amateur telescope making 
fraternity by Lyle T. Johnson, Box 236, 
La Plata, Md., are contained in the 
following extracts and abstracts from 
several of his letters. 

"As I was reading Pickering's chap
ter, 'Reflectors versus Refractors,' in 
'A.T.M.A., '  his statement, page 607, 
about the extensive diffraction effects 
due to the large size of the secondary 
mirrors in Cassegrain and Gregorian 
telescopes, led me to wonder whether 
some way couldn't be found to reduce 
these effects. I have figured out two 
ways of doing this for the Gregorian 
telescope. In the best of these (Figure 
1) the small mirror is 
placed at the focal point 

and wider than it is long. It probably 
would be possible, however, to design 
a mounting with the light passing 
from the secondary through a hollow 
declination axis to the eyepiece at an 
easily accessible point. 

"In the conventional Gregorian the 
minimum value of amplification of the 
secondary is about 5, but in the modi
fied type it could be made smaller if 
desired. 

"Although the diag0nal flat is ex
tremely small, the more advanced ama
teurs probably wouldn't have too much 
difficulty with its construction. 

"As the eyepiece is at one focus of 
the ellipsoidal secondary, and the small 
flat at the other focus, any dust on the 
surface of the flat would be sharply 

eyepiece. It, however, was seen to give 
only a slight reduction in the diameter 
of the central obstruction, hence not 
much would be gained. It also has the 
disadvantage of four reflections instead 
of three, and the primary must be per
forated. 

"The modified Greg eliminates one 
of the disadvantages of many Grego
rians-direct light from the sky strik
ing the eyepiece. 

"Design data: 
"Primary, 12" f13. 
"Secondary, 5 " or 6" diameter. 
"Equivalent focal length, 144" .  
"Diameter, d, of secondary necessary 

for rays parallel to axis is given by 
d/12 = 12/36, therefore d = 4" .  

"Diameter, D, of cone of  light reflected 
from 4" secondary is given by D / 36 
= d/48, or 3 " . 

"If equivalent diameter of flat is E, 
and primary mirror diameter is M,  
then ElM = %/D and E = MI2D, or 2" .  

"Useful diameter of  field at  secondary 
focus = %" times amplification, or 2" .  

"This idea of mine may not be new. 
"If the mounting for the modified 

Gregorian should prove too difficult 
it would be possible to make the tube 
more like that of the conventional tele
scope, at the expense of an extra re
flection (Figures 2 and 3) . 

"Figure 4 shows the small diagonal 
support, which presents a 

of the primary, and its di-
ameter is equal to that of 

PRIMARY 
( Poroboloid ) 

r- �.. . .  --- S£CONDARY 
i r\ I 11 ( E i l ":Jsoid ) 
I II i ir 

minimum of obstruction to 
the light traveling from 
the concave secondary to 
the eyepiece. If the ob
struction of light before 
it  gets to the primary is 
greater than the diameter 
of the flat, this makes no 

" 
12·· � ! i l  the field desired a t  the eye

piece divided by the ampli
fying power of the second
ary. 

t 1 1 : 1  I I : 1 I _ - ----n-l 

T' --j;�-------------l"1 =��'������f� L I H i 
I+----� 36··--·---�. -n I 

r-s:j .� 1 j\� _ c_ , � 36" ' i  
��-===- FIG.3 I I 

\ 1  FIG.2 

I [ I  . I I  

difference as long as i t  i s  
smaller than the 'equiva
lent diameter' of the flat. 
Thus, in Figure 1, the ob-
struction at the center of 
the spider could be up to 
2" in diameter without ob
structing more light than 
the flat does. 

"In the layout shown the 
elliptical flat ( 1/2 " minor 
axis) will give a field of 
2" diameter at the eyepiece. 
The cone of light (from 
a single star) , reflected 
from the secondary to the 
eyepiece, has a diameter 
at the flat of 3" ,  or six 
times the diameter of the 
flat. This means that the 
small flat will give the same 
diffraction effects and light 

FIG.S J __ _ _  � nG.4 
"Later, while 'pushing 

glass,' I thought of another 
modification ( Figure 5) 
which further reduces the 
bad effects due to the dif-

obstruction as a 2" mirror 
in front of the 12" primary. 
I will call the diameter of this imagi
nary 2" mirror the 'equivalent di
ameter' of the flat. As the secondary 
mirror of the conventional 12" Gre
gorian would be 3%" or 4" in diameter, 
the modified Gregorian should give 
considerably better definition. 

"As the secondary of the modified 
Gregorian is not in front of the primary 
mirror, it may be made as large as de
sired. That is, since there is no neces
sity of cutting the mirror to exact size, 
Pyrex blanks can be used just as they 
come. Also, turned edge would do no 
harm, whereas a slight turned edge on 
a conventional Cass or Greg is dis
astrous to definition. 

"No perforation of the primary is 
necessary. Because the light beam 
doesn't have to pass through the hole, 
correct design would make a larger 
field available for photography. 

"This telescope would have a rather 
unconventional tube-L- or T-shaped 
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in focus at the eyepiece. This bad effect 
might be reduced or eliminated by 
moving the flat a little farther away 
from the primary. This would cu t down 
the diameter of the field of view. 
unless the flat were made larger
which in turn would increase the dif
fraction effects and light loss. The flat 
probably could be shifted far enough 
from the primary focus to throw the 
specks of dust out of focus without re 
ducing the field of view too much. 

"As the two beams of light cross at 
the position of the flat, the construc
tion of the diagonal supports is more 
complicated than in the Newtonian. 

"An alternative method of reducing 
the diameter of the obstructing mirror, 
which was considered, required a larger 
flat placed between the primary and 
its focus. This would reflect the light 
from the primary to the secondary 
at the side of the tube, and then back 
through the hole in the primary to the 

fraction around the secondary. Its sec
ondary is an off-axis ellipsoid. The 
beam of light misses the diagonal en
tirely. Obstruction by the small diag
onal occurs only before the light 
reaches the primary and, if the diagonal 
has a diameter of a half inch or so, the 
obstruction is insignificant. In fact, the 
diffraction due to the spider would be 
more serious than that due to the diag
onal itself. This telescope should ap
proach the performance of a refractor 
of equal aperture, more closely than 
any other type of reflector. 

"Another advantage of this general 
type of Gregorian [shall it be called the 
crossed, or Johnson, type?-Ed.] is 
that there is a certain amount of inter
changeability of the secondaries, so that 
one off-axis ellipsoid could be used 
as the secondary for almost any para
boloid of approximately a given di
ameter. On the contrary, the secondary 
of the conventional Cassegrain or 
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TELESCOPE 
MAKERS 

Quality materials ot the RIGHT kind. 
s .... Kft:-Glass. abrasives, pitch. rouge, and 

WO�B'if�oRAFs:..:.iiiFoiiMATio·fi':':iNSPEdf�: 
We offer you the benefit of our 24 years 
of experience at this hobby. Send for free 
pr-ice list. John M. Pierce, 11 Harvard St., Springfield, Vt. 

SURFACE HARDENED 
ALUMIN IZED 

COATINGS 
Highest reflectivity and maximum service are 
factors which have made SURFACE HARDENED 
ALUMINUM COATINGS so highly atisfactory 
for optical instruments used in the ARMY and 
NAVY as well as for peace time research work by 
Professionals and Amateurs. 

Have your mirrors coated with the best. 
Prices : 4"41.75, 6"-$2.50, 8"43.50, 10"-$5.00 
and 12�'"48.00 

LEROY M. E. CLAUSING 
5507-5509 Lincoln Ave., Chicago, I II . 

COMP LETE H IGH-GRADE KITS 
O U R  SP£CIALTY 

Each kit has two glass discs 
(correct · thickness ) tempered 
pitch, 8 assorted abrasives 
including rouge ( fewer may 
not give perfect optical �ur
face ) ,  instructions, FREE 
ALUMINIZED DIAGON
AL, etc. 

MIRRORS, made to order. 
4" Kit $2.95 ( Pyrex, $4.00)  
6" Kit  4 .00 ( Pyrex, 5 . 5 0 )  
8 "  Kit 6.5 0 ( Pyrex, 8.00 ) 

1 0 "  Kit 1 0.00 ( Pyrex, 1 5 .00)  
1 2 "  Kit 1 5 .00 ( Pyrex, 25 .00) 

P R I S M S  
1 '14 " suitable for "6" or 8" mirrors 

A L U M I N I Z I N G  
A harder and brighter aluminum casting that I. 
unlform and produces a lasting and superior re·· 
fleeting surface. Guaranteed not to peel or blister 

6" . . . . .  , . . . . . . . . . . . . . . .  , . .  $2.50 
8" . . . . . . . . . . . . . . . . . .  " . . . .  $3.50 

t o" . . . . . . . . . . . . . . . . . . . . . " .  $5.00 
Mirrors for Cameras, Range Finders 

and other optical instruments. 
Write lor FREE ILLUSTRATED CATALOGUE 

T H E  P R ECISION OPTIC A L  CO. 
t OOt  East t 63rd Street 
New York 59, N. Y. 

REFLECTING TELESCOPE KITS 
OUR SPECIALTY 

PARABOLIC PYREX MIRRORS Made to order, 
correctly figured, polished, and parabolized. Precise 
workmanship guaran.teed. Prices on request. 

WE DO POLISHING, PARABOLIZING, AND 
ALUMINIZING 

Send for FREE ILLUSTRATED CATALOGUE 

M. CHALFI N  
G.P.O. Box 207, New York, N. Y .  

�A � 
c::::::-'T��SCO P 

A Popular Illustrated 
Astronomical Monthly 

For amateur astronomers - new star 
charts, Gleanings for telescope makers, 
page for observers, and celestial photos. 
$2.50 a year, domestic ; $3.00 in Canada. 

Single copy, 25 cents. 

SAMPLE COpy ON REQUEST 

SKY PUBLISHING CORPORATION 
Harvard Observatory. Cambridge 38. Mast. 

Gregorian must be made especially for 
that particular diameter and focal 
length of primary. This quality could 
be made use of by a person who de
sired to build a second Gregorian a few 
inches larger than the first. 

"Figuring an 'off-axis' ellipsoid would 
be difficult-just how difficult I don't 
know. The fellows who have been de
signing [Schell.-Ed.] and making 
[Beede of Youngstown, Ohio.-Ed.] off
axis paraboloids could perhaps shed a 
little light on the subject. It perhaps 
would be best to figure the mirror 
spherical and then arrange the pinhole,  
mirror and knife-edge in the same po
sitions as the primary focus which mir
ror and eyepiece would occupy in the 
telescope. Then one could see what the 
mirror looked like, and figure , acc()rd
ingly. If things permit, I may make 
one of these telescop�s but, if you pub
�ish this, someone else may come up 
with. some better ideas on the subjeGt 
in the meantime." 

Johnson's letters were shown to .Bor
ter, who commented: '.'.That's ,tl1e way 
-try it o.ut and find the pJigs in it. if 
q.ny." 

Johnson next performed .an experi
ment. to throw light on figuring the off
axis ellipsoid (Figure 5) with small 
p�lishers but the equations pertaining 
to it would be too detailed to publish 
here. Especially interested readers may 
borrow them, or should write to John� 
son direct. 

All of Johnson's data were next sub
mitted to Norbert J. Schell, 1019 Third 
Avenue, Beaver Falls, Pennsylvania, 
one of the amateur group (Beaver 
County Amateur Astronomers Associa
tion) 25 miles north-west of Pittsburgh, 
near Ohio's border. Schell is the origi
nator of the off-side, or unobstructed, 
reflector (this column, April, 1939) , 
also of the off-axis reflector (May, 1940) 
and is a widely known advanced ama
teur designer. His invited opinions, 
comments: 

"So far as I know, this is a new way 
of getting away from most of the ob
struction in a compound reflector. The 
only other similar effort to reduce the 
effective size of the obstruction was 
that mentioned by Dall, ( 'A.T.M.A.,' 
page 584) . 

"Johnson's method is sufficiently dif
ferent, using a Gregorian set-up and 
all reflecting surfaces, to give him 
credit for doping out something new. 

"Of his designs I rather prefer the 
on-axis type as being somewhat more 
fool-proof, but the off-axis type would, 
or rather could, be made to get away 
from the somewhat awkward arrange
ment of the on-axis. 

"The off-axis type, like all other- off
axis arrangements, would result in a 
restricted field, as the field will be the 
same as the field resulting from the use 
of the larger imaginary surface, a side 
section of which is represented by the 
off-axis surface in use. 

"The off-axis type could be designed 
with the secondary closer to the small 
flat than with the on-axis, and in this 
way would bring the secondary focal 
plane closer to the tube. 

"It seems to me that, since the off
axis design leaves only the obstruction 
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of the small flat, it might be better 
with it to make the primary an fl5 or 
even fl6, which would still leave a flat 
rather small-say an inch or so-and 
reduce the amplification factor of the 
secondary accordingly. This, with mov
ing the secondary closer to the flat, 
would make it possible to bring the 
secondary focal plane about a foo.t or so 
outside the tube. 

"There is another reason why I would 
suggest that the secondary be small. 
It would not be necessary to make and 
figure it as a section, but it could quite 
easily be made full size of the imagi
nary secondary, and thus figured sym
metrically . in the regular .way. This 
large secondary would, in use, be 
placed so that - the proper off-axis part 
of it came into action. I would recom
mend this method over either making 
the section only, or making several 
sections en-bloc. I have tried both and 
I am satisfied that by this method, 
surface accuracy is more readily ob
tained and this is well worth the use 
of the over-sized surface. I would Rot 
recommend this for very large surfaces, 
or for off-axis primaries as such, but 
for secofldaries, by all means. 

"As to the efficiency of Johnson's 
Gregorian, I think it should work out 
in the regular off-axis form at least 
as well as a first-class Newtonian with 
small flat, such as is used for higher 
powers ; and in the off-axis form, I 
think it will surprise those who have 
had no previous experience with re
flectors working with little or no cen
tral obstruction. 

"There ' is another angle to the off
axis form, which may be found to be an 
improvement . .  To wit: Obstructions are 
usually out in front of the primary al
most as far as the focus, and the re
sulting diffraction is without question 
worse than if there were a similar size 
of obstruction at the mirror surface 
( or at or near an object glass) . In 
Dall's experiment to bring out effects 
of various sized obstructions, from 
which he came to the conclusion that 
a 1/5-sized obstruction is as large as 
could be used without causing too 
much trouble, I don't think he brought 
this double distance into effect. At least 
he did not displace the obstruction 
relative to the diaphragms used. In this 
on-axis Gregorian of Johnson's the 
effective obstruction is only % the dis
tance from the focal plane to the sec
ondary-a much shorter path for dif
fraction to spread out. This might be 
found to produce only the diffraction 
effect of a considerably smaller obstruc
tion at the usual location. This is one 
of the reasons I prefer the on-axis de
sign in this case-the other being the 
matter of field, previously mentioned. 

"The job of figuring an f/3 primarY 
must also be given consideration. 

"Some trouble must be expected 
from maintaining good smooth coatings 
on the small flat-and of course this 
must be . a really good flat. 

"I hope you will mention Dall in this, 
as his scheme, referred to above, al
ways stuck in my mind as a starter 
toward the ideal way of reducing the 
obstruction of a symmetrical, or on
axis, mirror." 
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BACK ON THE JOB after a 25-year 
layoff are the original Westing
house generators at Niagara Falls. 
These went into service in 1 895 as 
part of the first great a-c poly
phase power system. Replaced in 
1917, they were kept as standby 
equipment until the beginning of 
the present war. Rewound and re
conditioned, they are now b ack in 
full-time .service, delivering more 
power than when new. 

LIG HTS FOR HEAVYWEIGHTS. Those 
new super-bombers we've been 
reading about brought trouble on 
landing fields. Contact lights, sunk 
in the concrete runways, weren't 
built to stand the weight, so struc
tural strength had to be increased 
to 200,000 pounds, without any 
change in dimensions. As late as 
1942, 3 5 ,000 pounds was standard. 

SIX-ROOM TRANSFORMERS-rather 
transformers as large as a six-room 
house are now serving a new war 
industry. They're rated at 75 ,000 
kva each, and require 188  tons 
of steel, 1 30  miles of copper wire. 
Separa tely-mounted radiators, and 
use of Hipersil for cores kept down 
size and weight. Otherwise, say 
engineers, problems of shipment 
and installation would have been 
insuperable. 

ELECTRONS BY THE POUND. One of 
the slide rule boys has figured out 
that nearly 4 pounds of electrons 
pass through each of the d-c ter
minals of a 10,000 ampere Ignitron 
rectifier in the course of one year. 
That's about 2 ,000,000,000,000,-
000,000,000,000,000,000 electrons, 
i:hey tell us. 

"MAKE WAY FOR A SAILOR" may be 
the new slogan in locomotives. 
Steam turbines, so efficient in ship 
propulsion, are being adapted for 
railroad use. Tests of one Westing
house experimental 6,500 hp unit 
indicate a saving of one-fourth in 
steam required, compared to con
ventional reciprocating engines of 
the same power. 

I NSPECTING THE I NVISIBLE. Tiny 
pinholes, invisible to the naked 
eye, mean defective tin plate and 
possible spoilage of badly needed 
food. A Westinghouse photoelec
tric device detects these defects 
every time, though the tin plate 
rolls past at 1 ,000 feet a minute. 
Flawed sections are automatically 
marked, to be later cut and re
mQ.ved. 

Research behind gas turbines 
The known simplicity and theoretical efficiency of the gas turbine has 
challenged generations of engineers. But the gas turbine as a practical 

producer of power could not exist until new alloys were created-alloys 
which could withstand high temperatures for long periods. 

In the testing machine shown here, Westinghouse scientists tested 
alloys, subjecting them to stresses of thousands of pounds per square 
inch at temperatures as high as 1 ,000 degrees Fahrenheit. This was the 
research that p rovided better materials for steam turbines. 

It was also an important step toward gas turbines. As the work con
tinued, with new alloys and new testing machines, positive results were 
obtained at the high temperatures required for efficient gas turbine 
operation. Thus, research developed the materials which make the gas 
turbine a practical possibility . 

Another example of the Westinghouse research that is constantly 
providing new tools for industry. Westinghouse Electric & Manufac
turing Co., Pittsburgh 3 0, Pennsylvania. 

WESTINGHOUSE PRESENTS : John Charles Thomas, Sun. 2 :30 p.m., E WT, NBC. 

"Top of the Evening," Mon. Wed. Fri. 10 :15 p.m., E WT, Blue Net'lJ.,ork. 



AVBNGBR PILOTS "LET ELMER DO ITrr- SOMETIMES !  
Flying a Navy Grumman Avengertorpedo-bomber 
means tense hours of patrol duty over dreary 
wastes of ocean-hours of endless vigilance and 
constant concentration. 

For relief from this exhausting strain, the pilot 
turns the controls over to "Elmer"*-the Auto
matic Pilot. It obeys orders without question, 
flies the plane with uncanny accuracy on what
ever level course the human pilot determines. It 
is a vital strategic device helping to keep flying 
personnel at peak efficiency- a  unit of exceed
ingly delicate balance, demanding the finest pre
cision workmanship in construction. 

We are proud that we have been called upon, 
because of our specialized experience, to build 
the hydraulic parts for this automatic pilot. Their 
mass production is an achievement in precision 
manufacture which has won the recognition of 
the Navy air forces. *Pilot's nickname 

LET'S A L L  BACK THE ATTA CK-BUY M O R E  WA R B O N D S  

Besides hydraulic parts for the Automatic Pilot, this 
company also manufactures the Hycon " Stratopower" 
pump- now standard equipment on the Lockheed 
p-38 and reserved exclusively for our fighting planes 
until victory is won. 

Today there are available for immediate de
livery other Hycon Pu mps 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 con
trol circuits, They will operate brakes, clutches and 
steering devices of heavy vehicles; test high-pressure 
apparatus ; and solve a wide variety of other h ydraulic 
problems. Write for full information. 

RVCON * * * 
R E G I S T E R E D  TRADE M A R K  
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