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A CLEAN SWEEP 

The parallel develop/llent of J-iOOPfr 'VaCI/UIII 

Cietlllers ilIId Durez phellolics poillts up tlll era 

in wiJich housebold appli'll/ces cllld l)lastics 

htlPe progressea togetber ... <lila lit/btflletiJllrther 

tbe lahor of bousekeeping. 

For many years, the Hoover Vacuum 

Cleaner Company has recognized the 

unusual vallie of Durez phenolic plas­

tics as a material for vacuum cleaner 

housings, functional parts and acces­

sories. In fact, H. Earl Hoover once 

stated: I! The special Durez plastics 

used for certain (Hoover Vacuum 

Cleaner) parts not only help reduce 

weight, they also add smart, modern 

contours, a lustrous scratch-proof fin­

ish. And because they're self-insula­

ting, they simplify our desigr 'lnd as­

sembly.1! 

Durez Versatile 

Non-resonance, impact strength, heat 

resistance, and dielectric strength ... 

these are among the other character­

istics of Durez phenolic molding 

compounds which gave development 

engineers the necessary freedom, in 

designing the vaCUllm cleaner to its 

present state of efficiency. Of utmost 

significance, however, has been our 

success in perfecting more than 300 

modifications of a plastics material 

whose versatility has been recognized 

for years. A finer appliance than ever 

before, the Hoover of today uses more 

molded Durez than ever before. 

About Your Problem 

Perhaps you have a plastics material 

problem. If so, we urge you to consult 

your cllstom molder. New methods of 

preheating, molding and finishing 

greatly extend the advantages of his 

service. 

Remember, too, the competent counsel 

of experienced Durez technicians plus 

a wealth of proved product develop­

ment data is available for the asking. 

Write to: Durez Plastics & Chemicals, 

Inc., 110 Walck Road., N. Tonawanda, 

N. Y. Export Agfllts: Onllli Proallcls Cor­

poratioll, 40 E. 34tb 51., 7'JelP York 16, 7'J. Y. 

MOLDING COMPOUNDS 

INDUSTRIAL RESINS 

PLASTICS THAT. FIT THE JOB 



JNDUSTRIAL DRAMA: A welding crew, working in har­
mony to speed automobile production, apply their 
welding _guns to a body floor pan in one of the plants 
of the Fisher Body Division of General Motors Cor­
poration. 
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50 Years Ago In 
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(Condensed from I ssues of October, 1896) 

THE AME R I CAN WAY - "Better the most cast iron conserva­
tism than a liberalism which is lawlessness; that pulls down 
where it should build up; that sets man against man, class 
against class, and ultimately loosens those bonds, light as 
air yet strong as steel, which bind our great country into a 
union where we have proved that it is possible to have unity 
without uniformity." 

VA N ADIUM - "A new source of vanadium compounds has 
been found on the South American Andes. On one of the 
high plateaus a mine of anthracite has been located, which, 
when burned, leaves an ash containing vanadium and silver. 
The vanadium is now being extracted for use in making 
aniline black and coloring porcelain." 

HEATING AND COOL l NG - "A German inventor has built a 
house of tubes, whose advantages are, he says, a constant 
temperature and, incidentally, strength, comfort, and beauty. 
He first put up a frame of water tubing, allowing continuous 
circulation to a stream of water. Around this frame he put up 
his house in the ordinary way . . .  In the summer, fresh, cool 
water circulates under pressure through the network of 
tubes and cools off the walls . . .  During the long and severe 
winter the water entering through the basement is first 
heated to nearly 100 degrees and then forced through the 
tubes." 

PEARLS - "According to C. E. Benham, although a little of 
the color of the pearl is caused by striations or fine grooves 
on the surface of the nacre, the greater part of the color is 
pr<>(,{uced by interference of the rays of light by reflection 
f�in the outer and inner surfaces of the thin layers of nacre 
fo�ing the substance of the pearl. The colors of a pearl have, 
therefore, a similar origin to those of a soap bubble or the 
iridescence of ancient glass which has been scaled by time." 

D I R I G I BLE - "At the Berlin Industrial Exhibition there is to 
be seen a wonderful dirigible balloon. On August 28 and 29 
this balloon rose to the height of about sixty-five feet, and 
was propelled in all directions, even against wind. . . The 
motive power of this elliptically built balloon is an eight 
horse power engine driving a double bladed ship's propeller, 
having a diameter of about three yards." 

FORGES FORGE FORWARD - "The large brick forge and leather 
bellows, so often poetized and mad,e the theme for the artist's 
pencil, is rapidly becoming a thing of the past. . . The port­
able forge and hand or power blower furnish a neater and 
more perfect forge than the old brick one in its palmiest days, 
and no modern smith would think of fitting up a new shop 
with any other." 

D I AL PHONE - "The Houts Automatic Telephone System 
pl'ovides improved means for allowing any subscriber in a 
system to instantly connect himself with any other subscriber 
without the aid of an operator at the central office. . . In 
making a call the subscriber presses the handle on the face of 
the call box, moving the dial forward until the number with 
which he desires to communicate is opposite the button at 
the left. The button is pressed, which fixes the position of 
the dial, allowing the handle to turn on until it again reaches 
the home point or falls into the notch from which the sub­
scriber has started it." 

L I F E  SPAN - "To what extent human life in the aggregate 
has been prolonged by better food and more of it, improve­
ment in sanitation and the advances made in the scientific 
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treatment of disease, can never be statistically determined. 
But it is certain now that diseases are due to the operation of 
causes which are pretty well understood. Cities understand 
that they can no longer afford to have bad sanitation, and 
these impFovements alone mean the prolongation of the 
working periods of men's lives." 

MOV I ES - "Ever since the kinetoscope was brought to public 
attention and proved to be so popular, inventors have been 
striving to perfect apparatus for successfully projecting 
these miniature images upon a screen. . . Two factors in 
solving the problem have been the use of the electric arc 
lamp as an illuminant and of continuous transparent cellu-

loid flexible films. . . The pictures are made at the rate of 
twenty-five to a second, about three-quarters of an inch in 
diameter and one-quarter of an inch apart, on a continuous 
sensitized celluloid strip about one and a half inches wide, 
having perforations in its edges in which the sprocket wheels 
of the projecting device engage." 

100 Years Ago in 

(Condensed from Issues of October, 1846) 

TELEGRAPH - "The Southern Magnetic Telegraph line, it is 
said, will be extended to New Orleans, via the Mississippi 
and Ohio rivers. It commences at Philadelphia, thence to 
Harrisburg, Pittsburgh, Wheeling, Cincinnati, Louisville, 
Saint Louis, Nashville, Memphis, Vicksburg, Natchez, to 
New Orleans." 

FRE IGHT - "Experiments prove that railroads can be profit­
ably used in carrying heavy freights at low rates, and that 
they will come into successful competition with navigable 
rivers. The experience of the past year shows that they can 
be successfully used in transporting southern cotton to the 
north, and in carrying the produce of the valley of the 
Mississippi to the Atlantic ports." 

I RON BOATS - "Messrs. Knapp & Foster, of Pittsburg, have 
completed four iron boats, intended for the use of the U. S. 
Army. These boats are each 45 feet in length, 10 feet in 
breadth, and 4% feet deep." 

PAPER - "From statistical documents presented before Con­
gress, it appears that the capital employed in the manufac­
ture of paper in the United States is $18,000,000. The number 
of mills, 700 : the annual product $17,000,000, and the number 
of operatives employed, 100,000." 
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Telephone operators in New York, 
Atlanta and Montreal wore the 

. strange head-dress you see pictured 
'above. It's a specially devised gaug­
. ing instrument - Bell Laboratories' 
scientists used it to measure head 
contou rs in designing the new 
opera tor's headset. 

With the new set, the telephone 
user can hear the operator more 
clearly, and she in turn hears better 
too-through the improved receiver 
and transmitter. Her voice enters 
the transmitter at an even level 

that 

because, as she turns, the mouth­
piece moves with her. Neckstrap and 
horn are eliminated. The whole 
thing weighs less than six ounces . 

The new Bell System headset 
brings together the latest techniques 
in voice transmission and the ideas 
of the operators themselves - offer­
ing comfort, convenience, and elec­
trical efficiency. 

Out of new knowledge has come 
this novel head telephone fitted to 
the operator and designed to Im­
prove your telephone service. 

BELL TELEPHONE LABORATORIES 

• 

EXPLORING AND INVENTING, DEVISING AND PERFECTING FOR CONTINUED IMPROVEMENTS AND ECONOMIES IN TELEPHONE SERVICE 
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Previews of the Industrial Horizon 

N EW RESEARCH TRENDS 

EVER SINCE research became recognized a s  a n  important 
tool of industry, much of the emphasis of the laboratory­
perhaps too much of it-has been on the adaptation of mate­
rials to end uses. All too often the result of this type of 
thinking was to force a certain material into products that 
might better have been made from some other material 
which, unfortunately, had not been favored with the labora­
tory attention it deserved. 

Now it appears that much of this thinking is being re­
versed. More and more the emphasis is being placed on find­
ing the best material for a given use. And, to the benefit 
of all research, this sort of work is being forwarded by a 
far larger number of industrial organizations than ever de­
voted attention to promotion of specific materials. 

Of a piece with this trend in industrial research which 
places product improvement ahead of materials used is the 
newer mode of testing which emphasizes performance of a 
finished unit rather than the basic characteristics of the 
materials which make up that unit. But for details on this 
phase of production research and testing, see the article by 
Contributing Editor Peters on page 199 of this issue. 

To summarize this trend: More industries, large and small 
alike, can benefit from advancing technology if they will 
devote even a modicum of attention to the relationship be­
tween product and material. Perhaps, as examples, one of 
the light metals-aluminum or magnesium-can do a better 
job than the sheet steel now used; maybe plastics can ad­
vantageously replace the light metals; possibly old-fashioned 
cast iron has desirable properties which have been over­
looked in the rush to use the newer materials. A searching 
-and continuing-investigation of the suitability of mate­
rials for the job in hand will usually pay out. 

WHO WI LL INVESTIGATE ?  

P ART AND PARCEL of this newest phase of research, only now 
being appreciated, is the creation of departments for the 
purpose of forwarding special interests of industrial con­
cerns, but unhampered by conventional rules and regulations 
of production or even research units. Such "unnamed depart­
ments," dealt with by Contributing Editor Cady in the ar­
ticle starting on page 157, can unearth inf{)rmation of un­
usual value, especially if they are left to operate in the un­
conventional manner indicated by their namelessness. 

All in all, a break from tradition is underway in research 
and semi-research departments. It will be the smart, and 
successful, company that recognizes the need for such a break 
and that gets the jump on competition by taking advantage 
of this new approach to an old need. 

HOW IT WIL L BE DONE 

DESCRIBING their new pilot plant that will serve as a prac­
tical link between the laboratory test tube and the produc­
tion line, an official of Corning Glass Works has this to 
say about the way in which they are attacking immediate 
phases of "new thought" research: "This plant will be 
equipped initially with one continuous furnace and the 
most modern machinery available, thus enabling us to con­
duct experimental work without interfering with the pro­
duction schedules of any of our manufacturing plants. As 
our laboratories develop new products, manufacturing tech­
niques for producing them at low cost will be worked out 
in the pilot plant, and the knowledge so acquired will be 
translated into commercial production units." 

Another indication of the trend in research today is the 
new physical laboratory built by Universal Oil Products 
Company, to be devoted to aiding its own and other oil 
refineries. Says the company: 
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"Up to 10 years ago, most petroleum research was in 
chemistry. But with the advent of catalytic cracking in the 
middle '30s, physical research has been playing an increas­
ingly important role." 

In the new laboratory will be X-ray, ultra-violet, and in­
fra-red equipment, together with an electron microscope, 
which will make it possible to conduct studies of the cata­
lytic cracking process in all its aspects. 

From such pilot plants and laboratories can stem new in­
dustrial knowledge that will be not only of immediate bene­
fit to the specific industries concerned but to all allied in­
dustries as well. On such bases must the industrial future 
of America be built. The sooner this research philosophy 
permeates all industry, from the automotive and electrical 
giants to the two-man producers of cast concrete objects 
and plastics products, the sooner production can be expedited 
and progress turned to the benefit of all. 

THE RIGHT TO FAI L 

I NSEPARABLY linked with the new research philosophy thus 
far discussed is "the right to fail." When research depart­
ments of any kind are given the freedom to venture into new 
and hitherto untried paths, they must also be given the 
privilege to fail. If they are not, they will be so hindered in 
their operations that results will be practically nil. This is 
not to say that consistent failure can be considered as a sign 
of success; but it is to indicate that occasional failure should 
not be taken as a reason for discontinuing efforts in a par­
ticular direction. Research risks must be intelligent 
risks, must be carefully appraised in advance and thoroughly 
thought out before they are taken. On such a basis any 
research program which takes recognition of the problems 
involved and which takes intelligent risks will be the one to 
succeed, as compared with the one which, through ultra­
conservatism, refuses to acknowledge the right to fail and, 
hence, finds itself so hide-bound by tradition that it follows 
those beaten paths which lead only to mediocrity. 

FOR FUTURE REFERENCE 

A IRCRAFT heating units-small, light in weight, economical 
of fuel-have been engineered and tested for application 
to home-heating purposes and should be available by the 
time these lines appear in print; first indication of this 
trend was mentioned on this page in March 1944 . .. News­
papers by radio facsimile, on the horizon for years and 
specifically called for on this page in September 1945, Will 
be given a service trial in a number of United States cities 
early in 1947 . . .  Where extreme heat, coupled with problems 
of corrosion, has to be dealt with, look to the porcelain 
enamel industry for solutions, based on war-time experi­
mentation with engine exhaust pipes and mufflers. . . Alu­
minum's progress-current output is triple that of pre-war 
-is taking it out of the pot-and-pan field and putting it 
squarely into a number of construction jobs of considerable 
magnitude; aluminum is clearly one industry that is not 
caught with its plants down; it can and will produce as 
markets require. . . Lumber, our one replaceable natural 
resource, must be seasoned before it can be satisfactorily 
used; now comes a chemical solvent method of drying which 
reportedly beats the kiln process by four to one in time 
factor. . . When thoughts wander toward large corporations 
as patent monopolies, remember these figures as the latest 
available: Patents to individuals represent 43 percent of all 
issued; to small corporations, 341h percent; to large corpora­
tions, 17 percent; to foreign corporations, 51/2 percent. 
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METALS IN INDUSTRY 

Tests Or 'T rad itio nsf? 

By FRED P� PETERS 
Editor-in-Chief, Materials & Methoct.. 

AN OLD engineering maxim holds 
that "one test is worth a thou­

sand opinions." Broader under­
standing of this principle has been 
a leading factor in the development 
of American manufacturing over the 
the past three decades. Out of 
standardized-test methods have 
come not only better quality engi­
neering metals and alloys, but also 
the uniformity of properties so es­
sential to the reproducibility of 
parts and finished products. This 
latter, of course, is the keystone of 
minimum-cost mass production. 

Now, however, another idea is 
fast taking hold and js expected by 
leading engineers to be the hand­
maiden of product and process de­
velopment in the years ahead. A 
simple axiom for the idea would be, 
"One good test is worth a hundred 
bad ones!" Today, this concept is 
finding increasing application in the 
careful scrutiny of time-worn test 
methods, procedures, and equipment 
to see how much of their hide is 
bound to 1935 ideas; in the exclu­
sion of "irrelevant" physical prop­
erties as major factors in materials­
selection or design, even though the 
use of such properties and tests may 
have been standard practice for the 
past 20 years; and in the growing 
use of "simulated-service" tests, 
especially on finished parts or prod­
uct assemblies, as against standard­
ized tensile or fatigue tests on bars 
of the raw materials before process­
ing. 

SIMULATED SERVICE - This last 
phase is creating the largest ripples 
of all in today's testing circles, and 
as the simulated-service test wins 
new converts it is in turn inspiring 

Conventional Materials Tests and Methods Have a Place-But Only If 

the Information Gained is Truly Significant in the Light of Actual Prod­

uct Usage. Simulated-Service Tests are Often Much More Truthful, 

and May Indicate the Application of Previously Unconsidered Materials 

courtesy Westinghouse 

Simulated-service test on refrigerator door packs years of hard use into days 

new highs in inventive ingenuity. 
Sometimes the simulation is a vir­
tual duplication of service condi­
tions; in other cases it is a highly 
simplified reproduction in the test 
of the one or two basic service 
factors that usually cause failure 
of the material or part when in use. 

The case of bearing metals offers 
an example of such a problem. It is 
known that a multiplicity of factors 
--compressive strength, flowability, 
wettability, embeddabiliby, resist­
ance to galling or seizing, coefficient 
of friction, corrosion resistance, re­
sistance to "fatigue" failure, and so 
on-are all involved in bearing ser­
vice. At one extreme, bearing met­
als have often been appraised by 

individual tests or a series of sepa­
rate tests of tensile strength, duc­
tility, salt-spray cOl�osion resist­
ance, fatigue strength of polished 
bars, study of microstructure, and 
the like. At the other extreme-also 
used quite frequently-is the meth­
od of putting bearings made of the 
materials in question into an auto­
mobile and driving the car until the 
bearings fail. 

The best practice, and the one 
used more and more by the better 
engine and bearings producers, is to 
devise a bearing-testing machine in 
which assembled bearings can be 
quickly and easily inserted, run at 
controlled and recorded speeds 
against whatever shaft materials are 
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desired, at selected bearing pres­
sures and clearances, and under lu­
bricating conditions that can be 
varied and controlled at will. Such 
tests are carried out on an acceler­
ated basis that has previously been 
proved to rate the different bear­
ings accurately with respect to the 
particular service conditions applied 
in the test. This preparatory and 
correlative work isn't always easy 
or inexpensive to do, but once done 
it pays dividends in common-sense 
results, in assurance of intelligent 
selection of materials, and in im­
proved life of the product. 

TESTS THAT AREN 'T TESTS 
Some of the well-known "properties 
of materials"-and their required 
tests-that have been standard bases 
for materials-selection for years 
are now regarded unfavorably by 
capable materials engineers and 
metallurgists. "Ductility," for ex­
ample, is usually measured by the 
standard elongation test, in which a 
test bar is pulled in a tensile ma­
chine until it breaks. The amount 
the bar stretches before breaking is 
expressed as a percentage--called 
the percent elongation-and is gen­
erally accepted as a reliable index 
of the ductility of the material. 

Moreover, good ductility is usually 
considered a basic criterion of the 
engineering quality of a material­
except by some of the more analyti­
cally minded technical men. To the 
latter, if ductility is actually re-

STEADY PULL 

• L O O K I N G  A H E A D . 

Fewer failures in use of materials 
thought to be thoroughly tested. . . 
Reduction of manufacturers' losses 
on defective parts. . . Lower-cost 
materials effectively applied on basis 
of accurate test knowledge. 
Longer trouble-free service life of 
functional parts . . .  Establishment of 
new standards for modern composite 
materials. 

quired in the specific service to 
which the material is to be put, 
then ductility should be specified 
and tested for; but if the service in­
volves no plastic deformation the 
ductility requirement is completely 
irrelevant and materials with test 
figures near "zero" elongation may, 
for entirely different reasons, be 
better for the particular service in­
volved than those with 20 or 30 per­
cent elongation. 

With this common-sense engi­
neering philosophy some of the old­
est prej udices about materials are 
rapidly vanishing. Cast iron, ac­
tually a "brittle" or non- ductile 
metal, emerges as a first- class en­
gineering material. Engineers re­
call that cast iron has long been 
used successfully for hundreds of 
structural purposes including ma­
chine-tool bases, certain types of 
bearings, motor frames, and so on, 
and proceed to apply modern, 

ELECTRIC HEA 

stronger, cast irons-still with rela­
tively poor ductility-in crank­
shafts, forming dies, marine pro­
pellers, pumps, and elsewhere to 
marked advantage. 

This policy of fitting the prop­
erty-requirement and the test to 
the actual needs of the service in­
volved is similarly applied to the 
impact test, a standard procedure 
in which mechanical shock resist­
ance is measured by determining 
the amount of energy required to 
break a piece of metal, usually 
notched, by striking it with a ham­
mer. Many engineers have sworn 
by the notch-impact test as the 
best single indication of "inherent" 
quality in a material. But it be­
comes a foolish method of rating or 
selecting materials for an appl,ica­
tion that does not involve sudden 
blows upon the metal or if the de­
sign of the part can be made to 
avoid notches, sharp changes in sec­
tion, or other potential points of 
weakness. 

Corrosion tests have notoriously 
been abused through their com­
placent application in situations 
where their results were actually 
misleading. Thus, the so-called 
"salt-spray" test, in which pieces of 
metal are sprayed with a salt-water 
mist fed through a circulating sys­
tem, has been employed in many 
specifications and by many organi­
zations as an infallible measure of 
corrosion resistance no matter what 
the actual service environment is to 

ECCENTRIC 

A variety of forces act upon turbine blades. Test above reproduces the more important ones for study under controlled cond itions 
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be. For many sea-going applications 
the salt-spray test is a truly reliable 
index of merit, but for other corro­
sive services it is only coincidentally 
so, and for many uses the salt-spray 
test gives absolutely false ratings of 
alloy suitability. 

N EW MATER I ALS: NEW TESTS­
The American Society for Testing 
Materials, pioneer in the standardi­
zation of engineering materials­
specifications and test methods, has 
been quick to spot the evident 
weaknesses in the use of many of its 
own standard tests, and is now 
carrying out a program of establish­
ing the actual limits to which stan­
dard individual tests on single ma­
terials can be employed for service­
life evaluation. Searching studies 
are being made of the significance 
of ductility and of the services for 
which fatigue, impact, salt-spray, 
stress-corrosion, and other "pet" 
tests are really meaningful, and 
those for which they are irrelevant 
or downright misleading. 

Even more important, the Society 
has established an administrative 
committee on simulated-service 
testing, with the stated purpose of 
studying, developing, and stan­
dardizing methods of tests of simple 
materials, composite materials, and 
fabricated parts in actual or simu­
lated service conditions and en­
vironment, insofar as performance 
has a bearing on the properties of 
the materials. 

The prime movers behind this 
whole broad trend have been the 
increasing number of "composite" 
materials-reinforced or laminated 
plastics, plated metals, metal-ply-

Left: Testin g  of f in i shed 
parts---a Buick 

knee-action member­
and (below) of basic 

row materials-battery 
of test ing units 

at Alumi num Company 
of America­
exempl i fy d ual 

aspect 
of i ndustrial 

testin g  problem 

wood sandwiches, and so on-and 
the lengthening list of fabricated 
forms-die castings, powder-metal­
lurgy parts, precision castings, ·im­
pact extrusions, brazed assemblies, 
and deep-drawn shapes-in which 
materials are now placed in service. 
Each of the fabricating processes has 
its own effect on the quality and 
serviceability of the material; be­
yond that the material in the as­
sembled product often behaves dif­
ferently than it would before as­
sembly or before processing. 

YEARS BECOM E  DAYS-Because of 
this last effect, one of the most fas­
cinating of all testing fields-the 
evaluation of materials by simu-. 
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lated-service testing of the entire 
unit in which they are used-�s 
coming into increasing prominence. 
At a recent A.S.T.M. meeting a 
Westinghouse engineer described 
some of the unusual set-ups used 
by that company to give an accel­
erated but accurate measure of the 
way materials would perform in 
service. A refrigerator door, for ex­
ample, may have a fine appearance 
and work well for a few times, but 
this is no assurance that it will 
function satisfactorily over a period 
of years. The spring in the latch 
could break, through fatigue; the 
latch and hinges could wear exces­
sively; the sealing could become in­
adequate, and so on. 

Therefore, in place of fatigue and 
wear-testing the materials or parts 
by conventional test methods, and 

. in place of waiting for a housewife 
to open and close the refrigerator 
door to death, a machine was made 
which performs that operation con­
tinually-verging on the slamming 

side for good measure-24 hours a 
day to failure. The machine oper­
ates at 15 cycles per minute, and an 
equivalent door life of 15 years is 
compressed to about 12 days by the 
robot door-slammer. 

In another case, a test apparatus 
simulates the repeated sliding of a 
refrigerator tray or drip pan, as a 
check on the durability of finishes, 
materials, and the design of sup­
ports. And in still another check­
up, a simulated-service fatigue test 
for turbine blades, the blade is 
heated electrically to simulate the 
temperatures reached in service, 
variable stress is applied through an 
adjustable eccentric, centrifugal 
force is simulated by a flexibly con-
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neeted vertical pull mechanism, and 
so on-a far cry froin conventional 
room-temperature fatigue tests on 
machined bars of the blade material. 
And these modern methods have 
led to important improvements in 
materials, design, and perfonnance. 

This is not to say that the funda­
mental properties of materials are 
of declining interest to engineers, or 
that conventional standard tests will 
ultimately be abandoned. On the 
contrary, designers are increasingly 
and intensively interested in learn­
ing more about the fundamental fa­
tigue properties of stainless steel, 

ALUMINUM vs COPP£R 

Battle Heightens as 
Prices Approach Same Level 

HOTTER and hotter competition is 
expected between copper and alu­
minum for electrical-conductor ap­
plications in the future. Already 
aluminum-steel-reinforced-is pre­
ferred over copper for power-trans­
mission lines, despite the still lower 
price of the latter on a weight basis. 

But the trend is for aluminum 
prices to go down .and for copper, 
if any change develops, to go up. 
Britain recently lowered its alumi­
num price below that of copper. 
American copper producers have 
sought a 15 cents per pound price 
for copper, which would make 14-
to 15-cent aluminum slightly more 
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not indicate actual 

capabi l i ti es of 
material as it is used; 

hence, s imulated­
service tests 

the notch sensitivity of zinc alloys, 
the flexural strength of individual 
plastic�, and like subjects. With 
such information entirely new ma­
terials can more intelligently be de­
veloped, while such data can also 
be used for broad and preliminary 
weeding out of materials being con­
sidered for specific applications. 

But there is a sharp trend toward 
using the conventional standard test 
only where it has significance, and 
developing simulated-service tests 
for evaluating application-perform­
ance where several complicated 
service factors are involved. 

attractive on a price-per-unit­
weight basis, and considerably more 
so on a price-per-equivalent-vol­
ume or a price-per-conductivity­
unit basis. 

SILVER"SOLDER" BASE 

Applied by Brush or Spray, 
Requires No Firing 

A NEW coating composition con­
taining finely divided silver particles 
to be spread upon almost any ma­
terial to form a "solderable" base 
for attaching metals has been devel­
oped. Several silver solutions have 
come out in recent years for firing 
onto a glass or ceramic base, but 
they must be heated to around 1000 
degrees, Fahrenheit. In this newer 
compound, the silver particles are 

Editorial purpose of Scientific American 
is to provide its reaelers with thought­
provoking featu re articles and shorter 
items on all phases of industrial tech­
nology. In every case the material is 
d rawn directly from industry itself. 
The Editor will be glad to refer in­
terested readers to original sou rces 
and, when available, to additiona l 
literature g iving further details of 
a more specialized nature. 

combined in a solution of butyl 
methacrylate polymer dissolved in 
naphtha, butanol, or xylene. The 
coating can be applied by brush, 
spray, and so on to virtually any 
permanent base. 

VIBRATION DAMPENED 
By Use of 
Magnesium Castings 

MAGNESIUM is now finding new 
uses because of its vibration-damp­
ening properties. Thus, one auto­
mobile maker has decided on mag­
nesium-alloy wheels, both because 
of lightness and freedom from the 
vibration of steel wheels-the latter 
vibration is said to cause wear on 
the rubber tires. This maker is now 
experimenting with processes of 
manufacture, including sand cast­
ing. A maker of fishing tackle ac­
cessories has devised a magnesium 
reel. The light metal's dampening 
qualities are reported to make the 
reel silent and smooth in operation. 

PRESSURE VESSELS 

Built Up of Multiple 
Layers of Pre·Formed Plates 

A NEW method in pressure-vessel 
construction has been applied by 
A. O. Smith Corporation in the 
fabrication of large accumulator 
bottles for stored-energy systems 
and chemical processing equipment. 
This is the use of several layers 
of steel plate, each one rolled to a 
specified radius and then welded. 

This type of construction permits 
the use in service of much higher 
working stresses than otherwise. 
Shatter failures through the built­
up wall of the vessel never occur. 
The use of steel plate and welded 
fabrication also permits closer con­
trol over the quality of the pressure­
vessel materials, since uncertainty 
regarding deep-seated flaws is elimi­
nated. 

In the chemical-process field, 
welded multi-layer construction al­
so provides all the advantages of 
"cladding," since the innermost 
layers may be of a corrosion-re­
sistant steel and the outer layers of 
ordinary mild steel. 

SCIENTIFIC AMERICAN OCTOBER 1 946 



P roduction model of Kleinschmidt  comp ression sti l l  can be mounted on a trai ler 
or skids. Capacity is  1 800 gal lons per day; water obtai ned is exceptional ly pure 

C H � M I S  T R Y  I N I N .) � S -.- : n  

Ma ki n g H ea t  Wo rk 
Basica l ly S imple and  Extremely Practical, Com pression Disti l lation 

is One of Those Processes that Prom pts the U n a nswerable Question of 

"Why Hasn't It Been Done Before?" By Com plete Heat U ti l ization, the 

Method Produces Pure Water Quickly and Econom ical ly, Yet I nvolves 

No Cool ing, Uses Little Space, and  Demands a Min imum of Attention 

By D. H.  KILLEFFER 
Chemical Engineer 

I T  ALL started because the Navy 
needed distilled water for the 

storage batteries of its submarines 
-distilled water at low cost, lower 
than any yet known, particularly in 
terms of space inside the crowded 
confines of the submarine's narrow 
hull, and in terms of fuel that might 
mean precious extra miles, or hours, 
or speed for the vessel, and of man­
hours of operating attention. All 
this was realized by compression 
distillation, but that was only a be­
ginning. A whole war has inter­
vened, with sea battles on the far 
reaches of the Pacific and invasions 
of waterless islands won, in part at 
least, because our men could sup­
ply themselves with sterile, fresh 
water when the enemy could not. 

And even yet only beginnings can 
be reported. 

Now that the basic problem of 
this new distillation system has 
been solved, the whole thing appears 
absurdly simple. Absurdly simple, 
that is, if it is simple to think of a 
refrigerating machine as a still, and 
to put it to work freshening sea­
water. In that respect, the Klein­
schmidt compression - distillation 
unit has all the characteristics of a 
great invention-anyone could in­
vent it now that he knows how. 
Which of course is no slight at all 
to Commodore R. V. Kleinschmidt, 
of U.S.N.R. and Arthur D. Little, 
Inc. ,  whose invention it is. Quite the 
contrary. 

The basic fact of distillation is 
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Ove rt i m e  

that the operation ends with the 
water just as it was in the begin-· 
ning. The heat put in to vaporize 
the raw water is just equal to that 
taken from the steam to condense 
it. It is quite possible, theoretically, 
to distill water so that the heat 
given up by the condensing steam 
will boil an equal quantity of water. 
The whole process might thus be 
made self sustaining, but practice 
can never quite equal theory. What 
occurs in the Kleinschmidt com­
pression still is the closest approach 
yet to that theory. 

I N PUT VS. OUTPUT-An analogy 
of gravity to heat or temperature 
makes the whole thing clearer. Dis­
tillation in those terms is equiva­
lent to lifting a load to the top of a 
hill and then dropping it down the 
other side; like an inclined railway 
up a mountain whose car is pulled 
up by the engine and then allowed 
to coast down. In an ordinary 
single-stage distillation, this is just 
what occurs; energy is put into the 
water to vaporize it-carry it to the 
top of the heat hill-and theri it is 
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• L 0 0 K I N G A H E A D  • 
Appl ication of pressure sti l l s  to food 

processing, c hem ica l manufacture, 

biolog ica ls  . . .  I ncreased use of dis­

tilled water i n  industries where cost 

i s  a l a rge factor . . .  Portable water 

suppl ies for construction crews, ex­

p lorers, su rvey parties . . .  More cargo 

space on sh ips la rge and smal l .  

dropped down the other . side­
cooled. The heat initially put in is 
simply wasted. 

This waste is not too bad if heat 
energy is plentiful and if water is 
abundant to cool the condenser and 
waste its heat. But these conditions 
seldom happen, and hence the 
thing to do is to recover as much as 
possible of the lost heat. 

The case of the cable railway is 
quite different if a car going down 
is connected to one coming up by a 
cable running around a pulley at 
the mountain top so that the two 
cars couFlterbalance each other. 
Then the energy needed is merely 
the small amount required to bal­
ance the two cars plus another 

small amount consumed by friction. 
The engine need work no harder 
than would be necessary to move 
the two cars on a level. The differ­
ence is obvious-it is also tremen­
dous. 

Multiple-effect evaporation pro­
vides a number of stops on the 
downward slope of the heat-hill at 
which the heat initially introduced 
into the system is made to work 
again. In principle, a multiple-effect 
system should theoretically produce 
an almost infinite amount of dis­
tillate for any given amount of heat 
put inte the system. The vapor from 
the first stage is condensed to heat · 
the second stage, which is main­
tained at a slight vacuum to allow 
its contents to boil at a lower tem­
perature than that of the condens­
ing vapor from the first stage. As 
vapor from the second stage con­
denses, it heats a third stage main­
tained at a still lower pressure­
higher vacuum. And so on. 

Theoretically, any number of ef­
fects should be possible and the 
quantity of water distilled by the 
combination should be as many 
times that vaporized by the heat 
initially supplied to the system as 

E VAPORATOR 

221 "F 

there are effects. In other words, a 
double-effect system should yield 
twice as much distilled water as the 
same amount of heat input would 
vaporize in a simple evaporator. A 
triple-effect unit should yield three 
times as much, and so on. In prac­
tice, the sizes of heating surfaces 
required, the ' temperature drop 
necessary in each step, the vacuum 
required, and other similar consid­
erations limit multiple effects to 
t4ree, or possibly four, stages for 
maximum economy. Only under 
most unusual circumstances is it 
practicable to go beyond that, and 
then only in units of immense size. 

H EAT STAYS I N-The principle of 
the Kleinschmidt mechanical-com­
pression distillation unit is quite 
different and is analogous to the 
cable railroad mentioned before. 
The heat to vaporize water is sup­
plied by condensing the vapor boiled 
off from the same boiler. The heat 
of condensation is returned to the 
system through a heat pump op­
erating on exactly the same prin­
ciple as a mechanical refrigerating 
machine. Because only one transfer 
of the major quantity of heat is 
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Figure 1 :  Schematic d rawi ng of Kleinschmidt sti ll reveals tempera tures, pressures, and flow chan nels  in conversion of sea water i n ­
to  fresh water and brine. No cool ing water is used, process is  continuous, and  adj ustments a re both s imp le  and  i nfrequent 
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fundamental  to the ingen ious h eat  transfer that g ives system its efficiency 

necessary, only a single resistance 
need be overcome by energy put 
into the system. Hence compression 
distillation units are many times 
more efficient than practicable mul­
tiple-effect system in terms of dis­
tilled water produced per unit of 
energy or fuel. Furthermore, the en­
tire unit is self contained ; requires 
no cooling water; is stable in op­
eration; needs a minimum of atten­
tion from the operator; and yields 
sterile distilled water of highest 
chemical purity directly from sea­
water. The whole unit is so compact 
that losses of heat to the outside 
are extremely low, far less propor­
tionately than would be reasonable 
for an ordinary multiple-effect in­
stallation. 

Compression distillation depends 
upon mechanically compressing the 
steam leaving the evaporation com­
partment of the still to raise its 
temperature a few degrees. At the 
higher pressure, the steam con­
denses above the boiling point of the 
evaporating raw water, so that heat 
can flow from the condensing steam 
to the raw water and boil it. The 
complete unit includes insulation to 
reduce heat loss to the atmosphere 
and exchangers to recover heat 
from both the hot distillate and the 
hot, concentrated brine carrying off 
waste. No separate condenser and 
no cooling water are needed. 

The process as applied to the 
production of fresh water from sea 
water is diagrammed in Figure 1. 
Initial pre-heating brings the ap­
paratus and its contents to operating 
temperature. As soon as the evapo­
rator is filled with steam, the still is 

ready for continuous operation. The 
seawater feed enters through a 
triple passage, liquid-to-liquid heat 
exchanger to extract heat from the 
outgoing distillate and brine, and 
to heat the feed. The feed thus 
heated to about 207 degrees, Fah­
renheit, enters the evaporator and 
mixes with a relatively large vol­
ume of brine circulating naturally 
through vertical tubes. Steam at, or 
slightly above, atmospheric pres­
sure is led from the evaporation 
space through an entrainment , 
separator to the compressor which 
raises its pressure to about three 
pounds gage. This raises its con­
densing-saturation-temperature to 
about 222 degrees. Since brine boils 
at about 213 degrees, a temperature 
differential of about nine degrees 
between the compressed steam and 
the boiling brine permits transfer 
of heat from one to the other. Sub­
stantially all of the latent heat of 
the compressed steam is thus trans­
ferred to the evaporation space and 
no separate condenser or cooling 
water is needed. 

S IM P L E  TO OPERATE-A unit of 
1000-gallons-per-day capacity will 
yield one pound per hour of pure 
distillate using about 20 watts of 
electrical energy. A single-effect 
evaporator would require approxi­
mately 300 watts for the same yield. 
The Kleinschmidt compression-dis­
tillation process thus has an econ­
omy equivalent to some 15 or more 
effects in a multiple-effect system 
operating on seawater, and the 
compression-distillation unit is far 
simpler to operate than a multiple-

OCTOBER 1 946 SCIENTIFIC AMERICAN 

effect unit. Its connections, heat­
transfer apparatus, and controls are 
no more complex than those on a 
single-effect evaporator. Control is 
ordinarily effected by adjustment 
of feed only and shop test units set 
up for manual control have run day 
and night for as long as a week 
without adjustments of any kind. 

The basic principles of the process 
are best understood from the rela­
tionship between the heat quanti­
ties and temperatures throughout 
the process as shown in Figure 2. 
Cold feed entering at 60 degrees, 
Fahrenheit, is heated (inclined dot­
dash line) to 207 degrees by heat 
exchange with the outgoing conden­
sate and overflow (inclined solid 
line) . Final heating in the evapo­
rator raises the brine from 207 de­
grees to 213 degrees. The hot feed 
is vaporized (horizontal dot-dash 
line) by heat exchange with the 
condensing compressed steam (hori­
zontal solid line) . Clearly, suitable 
temperature differentials permit ex­
changes of heat where needed. The 
temperature differentials are 10 de­
grees in the heat exchanger and 
nine degrees in the condenser­
evaporator. An excess of heat on 
the high-temperature side (right­
hand end of horizontal solid line) 
offsets heat loss through the insula­
tion and leaves an operating mar­
gin. 

The operation is stabilized by al­
lowing excess heat to escape with a 
small amount of steam . discarded 
to the atmosphere through a 
breather vent. The total excess heat 
required for insulation and stabili­
zation losses is about 55 Btu. per 
pound of distillate. Introducing 68 
Btu. into the process at the com­
pressor not only supplies this ex­
cess, but also creates the necessary 
temperature differential. In this 
manner 960 Btu. are recirculated in 
the condenser-evaporator and 190 
Btu. in the heat exchanger. Thus 
the 68 Btu. introduced by the com­
pressor circulates a total of 1160 
Btu. per pound of distillate, and also 
supplies surplus heat for operational 
leeway. 

With all-electric drive, the effi­
ciency of the steam compressor need 
not be high. The amount of energy 
theoretically required for this com­
pression would be only about 15 
Btu. compared with the 68 Btu. 
practical in moderate-sized units. 
Actually, 35 Btu. is introduced at 
the compressor, and 33 Btu. by elec­
tric heaters in the evaporation zone. 

Economy is somewhat governed 
by the pressure of the compressed 
vapor. This relationship, presented 
in Figure 3, suggests the limitations 
of the compression principle. These 
calculations are based on steam, but 
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could be calculated for other vapors. 
Compression-distillation units de­
veloped thus far have capacities of 
less than 250 gallons per hour. In­
sulation losses and allowance for 
operability are the governing factors 
in determining the heat input 
needed. Larger units operating 
under typical industrial conditions 
should be more efficient. 

USES LESS FU EL-From seawater 
the Kleinschmidt compression meth­
od produces 175 or more pounds of 
distilled water for each pound of 
fuel consumed, a ratio three to four 
times greater than with efficient 
conventional systems using fuel to 
generate heat. This low fuel con­
sumption proved of great value to 
the armed forces during the war. 
In the Navy, these stills released 
space normally given to fresh-water 
storage and, for many types of ves­
sels, extended the cruising range 
to an extent that was strategically 
important. Kleinschmidt stills were 
used by Army and Marine landing 
parties, particularly in desolate 
Pacific Islands. On Iwo Jima, for 
instance, the Marines continuously 
had fresh water from beach-head 
compression stills, while the Japa­
nese suffered desperately for water. 
By the end of the war, enough 
Kleinschmidt compression-distilla­
tion units were in service to pro­
duce pure distilled water for the 
daily needs of over a million men. 

The Kl�inschmidt distillation sys­
tem is particularly valuable where 
waste steam is not available from 
other process operations. On Diesel 
and gasoline propelled fishing craft 
and small cargo vessels, the com­
pression still replaces stored water . 
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and releases valuable space for 
cargo or fuel, thus increasing 
cruising range substantially. The 
Kleinschmidt still gives a definite 
saving, sometimes of critical impor­
tance, by requiring no cooling wa­
ter. The new process not only gives 
a product from sea water contain­
ing less than one part per million 
of impurities by a single distilla­
tion, but the cost of producing this 
pure water may be less than 10 
cents per hundred gallons. 

Although the original objective 
of the system was to save precious 
fuel in distant places and on ship­
board, this process, like most fun­
damentally sound processes, has 
other characteristics which may be 
of even greater interest than its 
economy of power. Thus the units 
are simple to operate, requiring con­
trol of only two valves--one for 
starting and one for control of the 
rate of feed of raw water. Any Navy 
engine-room rating can learn the 
operation in ten minutes. Another 
rather unexpected advantage is the 
extreme purity of the product, 
which, when made directly from sea 
water, contains less than one-tenth 
of the impurities allowable under 
Navy standards for double-distilled 
battery water. It is ' also sterile, 
since all the vapor is heated by 
compression to over 220 degrees, 
Fahrenheit. 

The industrial possibilities of ex­
tremely pure water at low cost are 
enormous. In the photographic field 
alone there is a great opportunity 
for better and cheaper products. 
Pharmaceutical and other chemical 
industries, high-pressure steam 
plants, railroads, sugar refineries, 
and even textile factories, paper 

mills, and laundries in hard-water 
regions, may soon find compression­
distilled water within their reach. 

The obvious necessities and ur­
gencies of war have directed de­
velopment of this important new 
system toward freshening of sea­
water. Other possibilities have had 
to wait. Thus water looms large in 
all of the in9.ustrial uses of com­
pression distillation now planned. 
Not just the production of pure wa­
ter but also the removal of water 
from solutions as in the production 
of evaporated milk, maple syrup, 
and similar concentrates. Since the 
pressures and temperatures in­
volved can be set at any convenient 
points above or below atmospheric, 
concentration of biological products 
and other heat-sensitive materials 
seems feasible. 

Extension of the process to non­
aqueous liquids, alcohol, solvents, 
petroleum, and so on, may be ex­
pected to follow commercial devel­
opment of present fields. Certainly 
the economy and adaptability of the 
process suggest it. 

PAPEIt-M I LL SL IME 
Controlled by Use of 
Convenient, Packaged Chemical 

HIGHLY soluble and effective as a 
germicide and fungicide, pyridyl 
mercuric acetate has been used with 
success for the control of slime in 
paper mills. Pyridose, developed by 
the Mallinckrodt Chemical Com­
pany, is packaged in one ounce 
quantities in paper envelopes. 

One package is the usual require­
ment for the treatment of 5 to 15 
tons, dry weight, of paper pulp. One 
or more envelopes as needed are 
simply thrown into the beater or 
other convenient place in the stock 
preparation equipment. The envel­
ope immediately disintegrates, dis­
tributing the . treatment material 
evenly throughout the pulp. 

fi l"-I-- I---

The compounds formed from the 
substance with the ions common in 
water are significantly more soluble 
than the corresponding salts of other 
organic mercurials. Effective control 
of fungi and bacteria can increase 
the efficiency of the operation of 
paper-making machines, lengthen 
the life of the paper machine felts, 
and prevent unsightly blotches on 
the finished paper caused by con­
tamination. Pyridose carr be used to 
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80 remove slime from an infected sys­
tem without the necessity of shut­
ting down the mill for cleaning. 
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E N G I N EE R I N G 

De pa rtm e n ts Wi th o u t  Nam es 
Most Executives in Most Departments of Industrial Org anizations are 

Too Specialized and Too Busy to Obtain a B i rd's-Eye View of Their  

Fi rm's Integration i n  the Economic Matrix. Cognizant o� These Facts, 

Many Companies are Establishing Departments---.:Sometimes of One 

Man-to Keep an Ear to the Ground and a Keen Eye on the Horizon 

By EDW I N  LAIRD CADY 

Courtesy General Electric Company 
Devices too sma l l  for any particu lar  department's attention often make large 
differences i n  producti on  or  costs. Spri ng-travel gr ind ing  rest is an  example 

ONE of the world's largest 
makers of plywood has j ust 

hired a mechanical engineer, put 
him in full charge of a department 
that probably will never have a 
name. 

Plywood is one of the oldest of 
engineering materials. The Pharoahs 
had their artisans make furniture 
and coffins of it before 1500 B.C. 
And yet its most ordinary forms 
were reduced to standards only a 
few years ago, and some of its most 
modern glues, wood treatments, and 
production techniques were new in 
1945. The industry ' as a whole can 
produce at least three billion square 
feet a year of the well known spruce 
or softwood and the standard gum 
or other hardwood kinds. Hundreds 
of different combinations of woods, 
plastics,  and glues are made into 
plywoods suitable fo1' everything 

from extremely low-priced packing 
cases to such completely engineered 
and higher-cost items as textile­
loom shuttles and airplane propel­
lers. 

In a situation that has as many 
possible ramifications as this one it 
is very easy for a big company to 
miss some of its best bets or to de­
vote sales and production time to 
items which do not promise the best 
return. 

CRYSTAL GAZER-It will be the 
j ob of the new engineer to watch 
all of this. ·  He might be called the 
head of the Who-Ought-To-Do­
What - And - When - And - How­
Should-He-Do-It Department. 

He will report to the president. 
But before reporting, he will ask a 
great many questions. 

Who has planned the best pre -
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fabricated house and what kinds of 
plywood would reduce its costs 0 1'  
increase its saleability? Should 
lumber yards stock standardized 
houses made largely of plywood, 01' 
standardized parts of houses the 
rest of which can

' 
be made of almost 

anything? Will a brand new plas­
tics glue for plywood veneers per­
mit a greater use of demountable 
and returnable shipping cases for 
butchers scales, thus leading to the 
use of less plywood by some users 
of shipping cases but to larger ulti­
mate sales by reducing costs and at­
tracting new customers? 

He will be going everywhere, 
talking to everyone. A machinery 
maker has a brand new veneer cut­
ter which will cut the wood more 
accurately and smoothly. The more 
accurate the cutting the more 
strongly the modern glues will hold. 
Can the company make more 

. money with veneers cut on these 
machines ? Should smaller, special­
izing competitors be encouraged to 
take on the machines, improve their 
own -products, get the bother of 
some of the smaller but highly spe­
cialized markets off the big com­
pany's hands ? 

This engineer gave no permission 
to quote his name or that of his 
company lest he be deluged ' with 
suggestions and inqUll'les which 
ought to go to sales or purchasing 
or other departments. But in an in­
terview, he said "I must read every 
trade and business paper I can, be 
familiar with every kind of indus­
try, meet every research man. 
There seems to be nothing in indus­
try which my men will not find to 
be touching the plywood picture 
somewhere." 

LONG-RA N GE PLA N S  - A large 
foods company took two of its ace 
public relations men, put them in 
charge of j ust such a department 
several years ago. And the depart­
ment has paid dividends. 

Working closely with these men 
is every mechanical engineer and 
chemist in the company. They all 
have to take long looks into the fu­
ture. The foods manufacturing busi-
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Courtesy Du Pont Company 

• L O O K I N G  A H E A D . 

Technically, econom ically, politically 
--=.fewer busi ness "bumbles" . . .  Less 
confusion within companies on "pol­
icy" and planning . . .  Keener execu­
tive appreciation of the interde­
pendence of p roducers, users, even 
educators . . .  Advertising that says 
more, means more. 

ness is changing all the time and 
almost always for the better. 

There is, for example, the matter 
of vitamins. Vitamins can be syn­
thesized and added to foods in the 
processing plants. But some 

'
of the 

best forms of them are best added 
by growing them right into the raw 
foods on the farms. And this often 
means that the farmers must use 
vitamin-bearing fertilizers, chemical 
combinations that all too seldom are 
put into the soil. 

Does an adequate college text 
book exist on the subj ect of "getting 
more vitamins into the crops ? "  If 
not, this department must talk with 
professors in the better agr.icultural 
colleges, make contacts with techni­
cal-book publishing houses, get 
such a book written and published. 

Many a food-value question is 
going unanswered because there are 
no · specially trained scientists who 
have the time to find the answers. 
This department goes to the colleges, 
sets up scholarship and other funds, 
gets brilliant young science students 
to study specific problems. There 
will be a j ob waiting for every one 
of these students when he finishes 
his studies. Perhaps that job will be 
with this company, perhaps with a 
competitor, perhaps in a university, 
Or with a government department. 
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Below : Movies at 2500 frames per second yield 
data for unnamed departments. Product per­
formance, new fabrication techn iques, knowledge 
of users' problems and competitors' activities, 
are often bits of industr ia l  intel l igence thot form 
a basis for the reports from these departments 

Modern m ethods of de-scal ing  
steel were once  only d reams 
in departments without names 

Courtesy western Electric Company 

These nameless departments of busi­
ness have to take it for granted 
that hundreds of other business and 
professional institutions will benefit 
by their work j ust as thousands of 
smaller makers of similar products 
get free rides on the advertising of 
the larger companies. 

This department keeps in constant 
touch with developing laws in the 
national and state capitols, has long 
and serious talks with legi:;lators. 
Bigger public health budgets mean 
higher sales of the better and cost­
lier foods products. A law which 
suggests or requires ch:mges in food 
processing methods may mean big 
changes in foods factories right now, 
even bigger ones to take place gl'ad­
ually over a period of years. 

The mechanical engineers must 
be ready with the plans for new ma­
chinery and equipment to take ad­
vantage of or to comply with a new 
law long before that law is formally 
entered on the statute books. The 
engineers have to know, too, what 
the new research is likely to bring 
out, what production plans they 
must make. Otherwise, the fulfil­
ment of an opportunity to make and 
sell more and better foods would be 
a slow process. 

"B R I N G I NG U P" A P ROC ESS-One 
of the largest strip-steel and wire­
products makers has an engineer in 
charge of a department so nameless 
that he does not even know to whom 
he is supposed to report his activi­
ties. He j ust reports to anybody in 
the company, brass hat or assistant 

foreman, who might be interested 
in something the department is \lo ­
ing. 

The research department brought 
out a new welding technique which 
would permit stronger than usual 
j oining of thin, stainless-steel ma­
terials. After making sure that the 
process would work on a commer­
cial scale, this engineer and his as­
sistants began to ask questions of 
prospective users. 

Who needed stronger welds in 
thin, stainless-steel products, and at 
what costs, and with what produc­
tion speeds ? They asked the pro­
duct designers of automobile and 
airplane companies. They went to 
the makers of building materials, to 
the National Bureau of Standards, 
to the National Housing Authority. 
They sent researchers to local hard­
ware stores to see what complaints 
the consumers were making about 
present products. They studied mail­
order catalogs and advertising pages 
of magazines, talked with makers 
of thin-materials forming machinery 
to see if the new product might 
make differences in production 
speeds or bring about new machine 
designs, did everything to get more 
and more ideas. 

Their story would have been very 
nice if it had turned out that the 
process was perfect and that an 
enormous market awaited its pro­
ducts. But there were problems. The 
process was a little too slow. Worse 
still, it was not flexible enough, it 
would not work equally well with 
all of . the variations of carbon con -
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�ent and metals ratios which steel 
makers are permitted by existing 
standards to put into a single grade 
of stainless steel. It needed highly 
expensive, rarely obtainable special 
steel grades to do its best work. 

Any company which did not have 
one of these nameless departments 
would almost certainly have had to 
abandon the project, write off its 
development costs, give up hopes 
for its profits. But this engineer and 
his department were just starting. 

First of all they walled off a spe­
cial department in one of the com­
pany's buildings, got the process set 
up, started making products on it. 
These products often were sold at a 
loss. But from every one of them 
something new was learned. 

This went on for three years. In 
the meantime the engineer went to 
a local engineering school, signed a 
large check in behalf of the com­
pany to set up a fellowship, got a 
professor to work on the equipment 
and its problems, persuaded several 
engineering students to work on it 
as part of their studies. 

One by one the kinks were ironed 
out, the process was applied to new 
and more profitable uses, the mar­
kets developed. As fast as the en­
gineering students who worked on 
it in school were graduated they 
found good jobs waiting for them, 
either as operators of the process or 
as application engineers to get it 
into operation in the plants of cus­
tomers of the company. 

BENEFITS WI D ES PREAD-A maker 
of abrasives has a department within 
the nameless department to study 
all new processes and developments 
which might affect the making or 
the using of the company's products. 

These men may recommend that 
the company buy up a new ma­
terial or mechanism, or buy some 
of the rights to it, or buy out the 

' company that developed it so as to 
get the engineering man-power as 
well as the sales and physical assets 
behind the product. 

More often, they go to work for 
the product developer without 
charging him a cent for their efforts 
and even, in some cases, without 
telling him what they are doing. 
They go to the research laboratories 
of universities and to consulting 
laboratories, spend company money 
to have the applications and pos­
sible improvements of the products 
studied. If the new product can in­
crease or otherwise affect the sales 
of their own products they issue 
bulletins on it to their sales engi­
neers, suggest its purchase to cus­
tomers, arrange for mill supply 
houses to stock it. 

What they learn from the univer-

sities and the consulting laboratories 
cannot always be taken direct to 
the product maker lest he suspect 
that a big company, perhaps big 
competitor, is interfering in his busi­
ness. But a quiet hint to a user of 
the product to ask for certain im­
provements, or any of a dozen other 
roundabout methods usually will 
get the desired results. 

As a result of this work the com­
pany almost always is ready with 
new products before the changes in 
its markets occur, and always is a 
leader in new technical develop­
ments for its own production line. 

MEN ALSO STUD I ED-The treas­
urer of one of the largest makers of 
alloys is the head of an unnamed 
department. He studies men rather 
than products and techniques. 

Every time the company hires an 
exceptional student from a college, 
and whenever someone already on 
the payroll shows signs of imagina­
tion, this treasurer runs a personal 
file on that man. He learns what the 
man is thinking about, what he likes 
to do, has personal interviews with 
him, studies his work and his prog­
ress in the company. 

Sooner or later the treasurer finds 
a new development which the man 
is capable of handling. The man is 
put in full charge, told to work with 
the company engineers and other 
authorities, but to build that new 
development if he can. He is given 
a budget plan which may cover five 
or more years ahead. The men so 
developed have made the company 
such a leader in its field that gov­
ernment authorities want to break 
it up, yet never once has this select­
ing and building of men been made 
a formal policy under a department 
with a name. 

These nameless departments are 
everywhere in industry. No two of 
them are exactly alike, excepting 
that all seem to be preservative and 
constructive to industry as a whole 
as well as profitable to the com­
panies that have them. 

"BUTTER- LAYERS" 
Once WeDkeners of Parts, 
Yield to "Super-Finishingll 

A NY STEEL is a mechanical mix­
ture of extremely fine particles or 
grains variously bound together. 
Some of the grains are hard and 
brittle, some are hard and not 
brittle, some are soft and brittle, 
some soft and malleable. 

The malleable grains can cause 
trouble. Cutting tools, whether they 
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be the steel tools used in cutting or 
the abrasive grits of grinding, will 
break off the brittle particles and 
push aside the grains which are 
hard but not brittle. But the mal­
leable grains have a tendency to 
stretch under the tool pressures and 
be spread like butter across the fin­
ished surfaces. 

In extreme cases, such as permit­
ting lathe tools to "ride the work," 
this "butter-layer" can appear like 
a burnishing job with the work be­
coming as much as .003 inch over­
size. In fine grinding, this buttering 
effect can produce a surface which 
measures accurately under the 
micrometer but shows a roughness 
as great as 20 micro-inches under 
the Brush Surface Analyzer. 

Also, the butter-layer is a false 
finish prone to sluff off in bearing 
metals and shorten the lives of 
bearings, to abrade mating surfaces, 
to be an easy point of corrosion at­
tack, and to provide areas at which 
stresses may concentrate to cause 
abrupt failures of parts. 

Modern super-finishing methods, 
done with specially contoured abra­
sive stones, eliminate this false layer 
and greatly increase the dependa­
bilities of machine parts. 

AIRCRAFT TECH NIQUES 
Adapted and Modified 
for Many Other Industries 

I NDUsTRY-in-general always seems 
to have some one division which 
works out the materials specifica­
tions and the production techniques 
for everybody. Up to about 1914, 
the railroad shops were the foun­
tain heads of all wisdom, then the 
automobile industry took over, and 
now the aviation industry is begin­
ning to show the way. 

The main difference between au­
tomotive and aviation production is 
that aviation has to work with 
structures of lighter weight, with 
larger dimensions, and has to make 
changes in designs far more fre­
quently. 

Truck bodies are now made 
of high-tensile, corrosion-resistant 
steel tubing and structural shapes 
which are so cross-braced and steel 
sheathed that every ounce and inch 
of metal bears its full share of the 
stresses and no metal "rides f6r 
free." Such bodies are light in 
weight, can carry more payload, 
are long lived, and easily main­
tained. The technique for making 
and designing them was borrowed 
almost entirely from airplane ex­
perience. 

Similar gains are being made in 
railroad cars, boats, pre-fabricated 
houses, and industrial materials­
handling equipment. 
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P lastics tubing to fountain pen i n  three steps : Cap a n d  barrel cut to length; 
ends formed and  threaded; worki ng  parts insta l led. Technique i s  vital factor 

P L A S T I C S  

Laye r-Ca ke P l a s t i cs  
Not  Always Made a s  Simply as  Thei r  Appearance and  Applications 

Might Suggest, P lastics Prod ucts-Foun ta in  Pens, for Exam ple-Fre­

q uently U ndergo a N umber of Ca refu l ly  Pla n ned Fabrication Stages 

By CHARLES A. BRESKI N 
Editor, Modern Plastics 

I N A MATERIALS field where both 
color and eye-appeal are the 

rule, "laid-up" plastics rank near 
the top on both scores. Pearl-like 
panel effects, simulated wood grains, 
grained ivories, and other attractive 
patterns are only a few of the pos­
sibilities of the roll-lamination or 
hand-lay-up methods. Applications 
range from protective covers for 
golf-club shafts to decorative and 
useful domestic equipment and 
fountain pens. As an example of the 
process used to attain these beauti­
ful and varigated plastics articles, 
the familiar fountain pen serves ad­
mirably. 

The cellulose nitrate unit repre­
sents an estimated 90 percent of 
the fountain-pen market. Its pro­
duction is a painstaking operation 
requiring skill, technical knowl­
edge, and a flair for color and de­
sign. The patterns used are varied, 
and the processes used to produce 
them are, of course, also varied to 
some extent. The type using a series 
of pearled cellulose nitrate panels 
l/S inch wide and separated by plain 
colored or transparent strips of the 

same material may, however, be 
considered as fairly typical. * 

PEARL ESSE NCE-The first step in 
the manufacture of pens of this type, 

. and all other types, is the mixing 
of the material. Pearl essence, a 
substance obtained from herring 
scales,  comes in tiny flat crystals, 
the largest being less than 0.003 inch 
long. Suspended in a suitable car­
rier, such as cellulose-nitrate 
lacquer, the pearl essence is mixed 
with camphor as a plasticizer, tint­
ing dyes, cellulose-nitrate flake, and 
alcohol as a solvent. As a general 
rule each batch of material weighs 
approximately 250 pounds as it goes 
into the large mixer whose action 
insures complete intermingling of all 
the components. . 

Since the slightest foreign matter 
of any type can ruin a quantity of 
pen bodies and caps, the pearl-es­
sence compound is carefully filtered 
before further work is done on it.. 
The equipment used in this opera­
tion is similar to a large hydraulic 

'Nlxon C/N Is the cellulose nitrate used In the 
plant described and pictured In this article. 

• L O O K I N G  A H E A D . 

Strik ing pa tterns of "Iaid - u p" plas­
t ics  adapted to a. g rowing 

'
va riety of  

a rtic les. . . Endless possib i l ities of 
designs  and combinations with other 
m a teria l s  . . .  Machinabi l i ty of pat­
terned plastics will a ttract a ttention 
of m a n u factu rers seeking  a ppea r­
a nce coupled with fabrica ting flexi ­
bi l ity. 

extruding machine. In it, a filter 
disk of muslin is backed up on one 
side by several screens, each of a 
different mesh. These screens, in 
turn, are backed by a plate per­
forated by % inch holes spaced 
about 1f2 apart. 

When the material is placed in 
the cylinder of the filter, a hydraulic 
plunger forces it slowly through the 
filtering muslin and screens and 
then through the perforated back 
plate so that the plastics emerges 
in the form of spaghetti. To convert 
the material to a form in which it 
can be managed by the extruder, 
this so-called spaghetti is divided 
into 60- to 70-pound lots and 
pressed into a tubular container. 
Weighed down on top over a long 
period of time, the material loses 
its string-like appearance and be­
comes a homogeneous mass. This is 
possible because of the solvent re-
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maining in the material which keeps 
it in a soft state.  

The plastics as it is removed from 
this tubular form and taken to the 
extruder is known as a "j elly roll." 
The roll is of the exact size and 
shape to fit into the chamber of the 
extruder-the latter being quite sim­
ilar to the filter used in the previous 
operation. 

The cellulose-nitrate tube ex­
truded by this machine is generally 
about six inches in diameter and 
has a relatively thin wall section. 
Just as it emerge's from the die 
which has formed it into the tubu­
lar shape, the material is slit along 
the upper side so that it flattens in­
to a sheet. 

This extrusion operation is the 
beginning of an involved process 
that spells the success or failure of 

Colortul  pen-plastics stem trom m u ltiple-step process : 
pearl -essence compound is f i ltered (upper left) through 
"spaghetti" extruder; extruded again ( upper right ) and 
spl it  i n to she.ets for "Iayer coking" ( lower left) ; pearl 
essenc� thus oriented, pen tubing is drown ( lower right) 

the production of high-luster pearl 
effect. As the plastics mixture is 
forced through the narrow annulus 
of the extruder, the minute pearl­
essence particles are forced to aline 
themselves in the direction of the 
extrusion. Thus they present the 
maximum amount of luster at the 
surface of the sheet. If the pearl es­
sence were not oriented in this man­
ner the extruded sheet would be 
relatively lusterless. 

LAYER TEC H N IQU E-But this is 
only the beginning of the desired 
pearl-essen�e effect. Depending on 
whether a ribbon or mottled effect 
is desired, the flattened cellulose­
nitrate sheet is cut into strips or 
into large chips. These strips or 
chips are then placed flat in a cake­
press form measuring 23 by 56 

inches and built up to a depth of 
five inches. Under heat, and pres­
sure exceeding one ton per square 
inch, the pieces of plastics become 
a solid homogeneous mass, called a 
cake. 

Sheets of material l/s inch thick 
are sheared from the top of this 
cake and cut into five-inch wide 
strips. Then the material is once 
again laid-up in the cake press, but 
this time the strips are placed on 
edge rather than flat. As a result 
of the laying-up of the strips in this 
manner the cake, when it is again 
formed under heat and pressure,  
has the luster of the pearl essence 
oriented toward the side rather than 
toward the top. 

Again the cake is sheared into 
sheets which, at this phase of manu­
facture, have very little surface lus-
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ter because of the deliberate side 
orientation of the pearl essence in 
the last operation. When the sheets 
are again cut into strips and placed 
on edge in the cake press form, how­
ever, the luster is brought to the 
top where it appears in the final 
cake. 

It is in this final lay-up that the 
the pattern of the pen body and cap 
is determined. Instead of being made 
up. entirely of strips of pearlized 
cellulose nitrate, the pattern may 
call for the insertion of various col­
ored plastics strips between the 
pearl strips, or of transparent cel­
lulose-nitrate strips if the design is 
for a pen utilizing the visible ink 
supply principle. Whatever the de­
sign, this' last lay-up operation is 
followed by another caking cycle 
and the slicing of the cake into 
sheets approximately 0.050 inch 
thick. 

TU B E  FORM I N G  - Before these 
sheets can be made into tubes they 
must be seasoned so they will not 
warp when finally made into pens. 
This operation, in which all the re­
maining solvent is removed, is ac­
complished by placing the sheets on 
racks in rooms held at a tempera­
ture of about 110 degrees, Fahren­
heit. Since the plastics tends to curl 
slightly during this treatment, the 
sheets are placed between high­
luster plates and subj ected to a rela­
tively high pressure in a hydraulic 
press. 

Cut into strips 1 1/2 inches wide 
and 50 inches long, the material is 
ready for tube forming, which can 
be done either by butt-welding or 
by spiral-welding. In both cases, 
the strips are first placed in hot wa­
ter to soften them, then pulled 
through a forming die which causes 
them to take the shape of a tube. 

For the butt-welded type of pen 
case, a steel mandrel is placed with­
in a die having a diameter equal to 
the desired outside diameter of the 
finished tube. Once the cellulose 
nitrate is softened it is hooked at 
one end to the front of the mandrel 
which is, in turn, attached to a mov­
ing chain. As the chain pulls the 
mandrel through the die, the plastics 
strip is drawn into the funnel­
shaped mouth of the die which 
starts the forming of the strip so 
that it will wrap around the man­
drel. When the material reaches the 
final forming section of the die, 
which is chilled, it sets in the form 
of a tube with the edges of the joint 
pressed tightly together. The j oint 
is not yet welded, however. 

The only difference between the 
production of the butt-welded and 
the spiral-type tube lies in the fact 
that with this last type the mandrel 
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revolves as it pulls the material 
through the die. 

The one prerequisite of a good 
seal is the careful separation of the 
edges of the j oint to permit the sol­
vent, in which the tube is placed, to 
come in contact with them. A 
hooked knife run down the entire 
length of the j oint in a butt-welded 
tube effectively separates the edges, 
while a slight twist of a spiral-type 
tube in the direction opposite from 
that of the spiral opens the joint 
enough to allow the entrance of the 
solvent. Once the hooked knife is 
withdrawn or the spiral tube re­
lieved of pressure the j oint will seal 
without the addition of pressure. 
After an aging period of approxi­
mately three weeks to allow for the 
evaporation of all solvent absorbed 
during the welding operation, the 
pearl�paneled, cellulose-nitrate tub­
ing is ready for the finishing opera­
tions that insure the proper func­
tioning of the fountain pen. 

TU B ES I NTO P E N S-No matter 
how carefully the cellulose-nitrate 
tube is formed, it still lacks the 
necessary accuracy on its . inside di­
ameter. To bring the tubes to size 
they are placed in hot water where 
they become soft and pliable ; then 
over a steel mandrel ground to a 
size corresponding to that specified 
for the inside of the fountain-pen 
body. Next the tube and mandrel 
are placed in a chilling bath of cold 
water and the mandrel removed as 
soon as the plastics hardens. Finally, 
a centerless grinder is put to work 
on the tubing to give the desired 
outside diameter. And with that the 
work of the cellulose-nitrate fabri­
cator comes to an end. 

There still remain a number of 
operations which the pen manufac­
turer must complete before the foun­
tain pen is complete. First, the tubes 
are ciIt to length, threaded, and 
otherwise machined, using standard 
machining methods. To close the 
bottom of the pen barrel and the 
top of the cap, shaped and formed 
plugs are inserted in the tube open­
ings and welded in position. 

This closing operation can also 
be done in a number of other ways. 
The one most generally used for 
the older types of pens simply in­
volves the welding of a flat top over 
the end of the tube. When shaped 
ends are employed, these can be 
turned out either by molding or by 
a forming operation in which a disk 
of heated nitrate is forced into a 
die and then molded to the desired 
shape. Another, and perhaps the 
most successful, method of closing 
off the end of the plastics tubing in­
volves softening the cellulose ni­
trate and forcing the end section in-

to a warm die which molds the ma­
terial into a point-producing a one­
piece cap or barrel. 

Thus emerges a completed foun­
tain pen. Some of the steps in its 
production are specialized, but the 
steps involving the compounding 
and manufacture of the basic mate­
rial are indicative of the thought 
and planning that are so vital to 
the successful manufacture of any 
plastics article. 

ICE·CU BE TRAY 
Retains Flexibility at 
Refrigerator Temperatures 

ADDED to the list of imp.rovements 
upon the venerable ice-cube tray is 
the Jiffy-Cube which comprises 12 
compartments formed of ethyl cel­
lulose sheet. The advantage .of this 
material is that it remains flexible 
at low temperatures and does not 

Ice does not adhere to cups 

adhere to the ice. Consequently, ice 
cubes may be removed from the 
compartments, each in a separate 
container . of its own, simply by pres­
ing a dimple on the bottom of the 
cup. Both production and assembly 
of the ice-cube maker is done by 
Standard Products Company for 
Plastray Corporation. 

EXCAVATOR WIN DOW 
Made of Plastics to 
Resist Vibration, Impact 

R EMIIDSCENT of the Plexiglas 
bomber noses and gun turrets that 
are standard equipment on so many 
military planes is the cab window on 
the Byers Machine Company's dirt 
shovel. This window, which has been 
found easy to install, is as trans­
parent as glass and, unaffected by 
vibration, may be the forerunner of 
many more industrial uses of a simi­
lar nature for this plastics. Especial­
ly important in this particular ap­
plication is the ability of Plexiglas 
to withstand heavy impact blows. 
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A V I A T I O N  

Ca b i n s  Ca n 

As AIRCRAFT engine powers and 
airplane speeds increase, the 

need for noise reduction becomes 
ever more apparent. Here there are, 
in reality, two noise problems--one 
involving the protection of the 
plane's passengers against propeller 
and engine noise, and the other 
being the necessity for reducing 
the external noise of the plane so 
that it ceases to be a nuisance to 
the general public. This article con­
fines itself to a discussion of noise 
reduction within the plane itself, 
leaving the second phase of the 
problem for future discussion 

The sensation of sound is pro­
duced by alternating air pressures 
in the sonic range. But the meas­
urement of these varying pressures 
is not a guide to loudness. The 

Be Q u iete r 
Airl ine a nd Priva te Plane Ma n ufacturers�More "Customer- Conscious" 

Than Ever Before-Are Striving Vigorously to I m prove Cabin Com fort  

By ALEXANDER KLEMIN 
Aerc;>nautlcal Consultant; Research Associate. 

Daniel Guggenheim School of Aeronautics, New York University 

change of sound intensity, as the 
human ear feels it, is proportional 
to the fractional increment, rather 
than the absolute increment. Hence, 
the preception of sound increases 
far less rapidly than the pressure. 

LOGARITHMIC SOU N D-For this 
reason, sound intensity is measured 
on a logarithmic scale rather than 
�m arithmetical one. The decibel is 
ten times the logarithm of the ratio 
of sound intensity to the intensity 
existing when the ear can barely 

hear anything-the threshold of 
audibility. Accordingly, a ten-fold 
change in intensity only adds 10 
decibels, or ten times the log of 10, 
which is one. It is this curious 
mathematical concept that explains 
many of the difficulties of sound 
measurement and noise reduction. 

Furthermore, overall intensity or 
loudness is not a satisfactory indi­
cation of comfort or discomfort. The 
sensation varies with the frequency. 
A high-pitched noise of the same 
loudness as a low-pitched noise will 

Onl·;  one inch th ick, sound-absorb ing  fire-wal l  b lanket wi ll 
i nsu late engine noise and heat. It is  a lso non -combustib le 

Sound-proofing  l ight a i rp lanes reflects new a ttitude on  part 
of private flyers. Stinson "Voyager" has "air l iner" comfort 
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• L O O K I N G  A H E A D . 

Airplanes m ore s i lent, eventual ly, 
than older forms of transporta tion . 
. . .  Appl ication of a i rc ra ft sound­
proo�ing m ethods to  a utomobi les, 
homes, i nd ustria l  structu res . . .  Much 
wider  accepta nce of priva te aviation 
when quieter cabins become un i ­
versa l .  

produce considerably more annoy­
ance. Therefore, in addition to know­
ing overall sound levels, it is im­
portant to be able to measure the 
intensities of various frequencies 
in a noise containing a wide range 
of frequencies. Measurements taken 
on this basis indicate that noises 
may be much less distressing when 
the higher frequencies are sup­
pressed-even if overall loudness is 
only slightly decreased. 

In aircraft applications, a coarse 
analysis of the various frequencies 
present is sufficient. Here, the range 
of audible frequencies is divided in­
to band widths of one octave, and 
the range from a very low 40 cycles 
per second to a shrill scream of 
10,000 cycles per second can be cov­
ered in eight bands. Thus, noise 
levels may be defined in terms of 
decibels in a given frequency band 
and an entire technique has been 
developed for the measurement and 
analysis of aircraft cabin sounds. 
Considerable special equipment, in­
cluding artificial means for produc­
ing pure sounds of varying fre­
quencies and intensities, standard 
microphones, amplifiers, decibel in­
dicators, wave filters, completely 
noiseless chambers, and so on, have 
been evolved and in some cases are 
being applied in other industries. 

H I G H  FREQU E N C I ES WORST-The 
permissible levels for noise in dif­
ferent types of aircraft must, of 
course, be established before manu­
facturers can enter upon sound­
proofing programs in an effective 
manner. In a paper read before the 
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Typical i nsta l lation 
of sound-deadening 

blan ket-often 
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i t s  separating 
and trim medium. If  

a vacuum were 
poss ib le  instead of 

air space the 
efficiency would be 

.much higher 

Royal Aeronautical Society by Dr. 
N. Fleming, permissible sound levels 
for military, cargo, and civilian pas­
senger airplanes were tentatively 
set forth. These recommended levels 
vary from 105 decibels in the 75 to 
150 frequency range to 80 decibels 
in the 1200 to 2400 frequency range 
for military and cargo planes. For 
passenger transport, the comfort 
levels are reduced ten decibels at 
the lower frequencies and 15 deci­
bels at the higher frequencies. 

Examination of typical sound val­
ues as encountered under familiar 
circumstances will provide a con­
crete idea of what decibel levels 
mean. For example, a passenger car 
moving at 30 miles per hour meas­
ures 60 to 70 decibels ; an air-condi­
tioned railroad coach shows 85 
decibels at 50 miles per hour ; a trol­
ley car registers 90 decibels ; the 
New York subway may go to 120 
or even more. 

It is interesting to compare these 
figures with noise measurements 
(Table 1) made in the well-known 
DC-3 twin-engine airliner while 
the plane was flying at 160 miles per 
hour with the engines delivering 
600 horsepower at 1850 revolutions 
per minute, and with a propeller 
tip speed of 740 feet per second. 

It will be noted that the data 
presented cover one low-pitch band 
and one high-pitch band, thereby 
giving a truer indication of comfort 
than would single-level readings. 
The multi-level method has now 
become standard as the result of 
research at the Harvard Electro­
Acoustical Laboratory. In both fre­
quency ranges, the aft-center cabin 
of the DC-3 satisfies the previous 
recommendations as set up by Dr. 

Position 

Pi lot's Position 
Forward-Center Cabin 
Aft-Center Ca bin 

Overa l l  Leve l  

1 .1 1  
1 1 0 
98 

Fleming. The forward-center cabin,  
however, partkularly in the less 
annoying lower octave and to a 
small degree in the higher octave.  
does have noise levels above the 
recommended figures, regardless of 
the fact that the plane is generally 
considered satisfactory by most pas­
sengers. 

Once the characteristics of cabin 
noises are established, the physical 
problem of reducing these noises 
usually embraces a plan of insulat­
ing those · of external origin-engine 
exhaust, propeller sounds, and aero­
dynamic sounds. Also, internal 
noises due to electrical motors, 
pumps, gears, and the moving parts 
of the air-conditioning machinery 
cannot be neglected. 

I N SU LATION "KNOW- H OW" 
For successful sound insulation, it is 
important to avoid all cracks and 
openings in the insulating structure. 
The smallest cracks may nullify the 
best sound-proofing treatment. Ap­
parently sound entering through a 
narrow aperture can produce almost 
the same sensation of loudness as an 
open window. Sealed openings 
around hatches, doors, windows, and 
ventilators, must be in good condi­
tion. As much of the area of the 
airplane structure as possible should 
receive acoustical treatment and the 
areas of untreated metal surface 
must be held to a minimum. 

One successful sound-insulating 
method employs two blankets of 
sound-absorbing material separated 
by an impervious septum. The 
thickness of the two blankets may 
be as low as 3f4 inch, and the treat­
ment is so effective that the mini­
mum weight is only .15 pounds per 
square foot, excluding the weight 
of the trim cloth, septum, and mus­
lin container. 

The sound-proofing material used 
in such blankets before the war was 
generally flame-proofed kapok bat­
ting. Later, when kapok was no 
longer available, a number of ma­
terials including pure milkweed floss 
were tried with varying degrees of 
success, Glass fiber finally won out 
because it is the most effective for 
a given weight of material, because 
it is not susceptible to attack by 
mildew and fungi, and because it is 
non -comhusti ble. 

Fundamental to the sound-insu-

Decibel Leve l 
75- 1 50 Frequency 

Range 

104 
1 06 
92 

Decibel leve l 
1 200-2400 

Frequency Range 

75 
66 
62 

Table 1: Noise levels in a OC · 3  at 1 60 miles per hour 
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lating idea is that the acoustical 
material should have as large an 
area of fibers as possible in propor­
tion to its weight. Fiberglas "A" 
meets this requirement splendidly 
since it is made from thousands of ' 
glass fibers only a micron-1/1000 
of a millimeter-in diameter. The 
glass fibers are coated with a plas­
tics binder to produce a bronze­
colored blanket which is ordinarily 
about half an inch thick and weighs 
only 1/40 pound per square foot. 

N OT O N LY A I R L I N ERS - Sound­
proofing need not be restricted to 
large transport airplanes. Private 
airplanes can be equally quiet, and 
the day when the private flyer "en­
j oyed" the full impact of propeller 
and engine noise is gone forever. 
The purchaser of a private airplane 
is coming to demand and obtain 
the greatest interior comfort, with 
cabin sound-insulation a "must" 
feature. 

The Stinson Voyager 150, for ex­
ample, is a private plane which has 
proved as quiet as most transports 
and in which almost identical glass­
blanket methods of protection have 
been followed. During the manu­
facture of this plane, the sound­
absorbing blankets are cut to size 

FLYI NG WING 
Carries Heavy Load 
at Unusual Speeds 

MINIMUM air drag resulting from 
the elimination of the conventional 
fuselage is reported to give the new 
Northrup Flying Wing - XB-35 -
a speed 100 miles per hour greater 
than could be obtained from an or­
dinary type plane of equivalent 
power and capacity. Submerged 
within the wing structure itself are 
four Pratt and Whitney Wasp Ma­
j or engines of 3000 horsepower each. 
The submerged mounting offers a 
considerable reduction in frontal 
area and makes major breaks in the 
airfoil contours unnecessary. In ad­
dition, eight propellers of the pusher 
type are. used and are co-axially 
mounted - two per engine - with 
the engine drive gearing so arranged 
as to drive them in opposite direc­
tions. The latter feature allows each 
propeller to cancel the torque effect 
of its mate. 

Crew accommodations consist of a 
long, narrow, pressurized nacelle 
equipped with a bubble-type canopy. 

Control of the Flying Wing has 
been achieved without the usual tail 
surfaces. Landing flaps are provided 
in the normal manner and are sup­
plemented by wing-tip slots to pre-

and shape and lightly attached to 
the superstructure. Skin and trim 
fabrics are then pulled over the 
blankets. 

In large transports, the sound­
proofing might be carried still 
further if, instead of placing the in­
sulation about three inches from 
the dural wall , of the plane as is 
done today, a vacuum was used as 
insulation in a manner somewhat 
similar to a thermos bottle. Struc­
tural engineers, however, advise 
that in the light of present knowl­
edge the weight of such construc­
tion would be prohibitive. 

The sound-proofing of aircraft of­
fers many opportunities for the 
manufacturers of plastics materials, 
for instrument builders, for physi­
cists. Its principles are applicable 
in numerous other structures and 
industries even though the actual 
materials and methods may differ. 
In an expensive building, for ex­
ample, an adequate thickness of wall 
may obviate the need for additional 
sound-insulating material; yet in a 
low-cost pre-fabricated home, a 
thinner, less expensive wall might 
be quite satisfactory if it included 
acoustical material which also in­
sulated against heat and cold. Truly, 
there are some fascinating prospects. 

vent tip stalls. Outboard on the wing 
are the so-called "elevons" which 
control longitudinal stability much 
as do conventional elevators but 
which have an additional aileron­
like function when necessary. 

Double, split flaps - opening like 
a clam shell - are located with a 
hinge line aft of the elevon hinge 
line and increase drag on one side 
or the other as needed for direc­
tional control. 

The Flying Wing, representing 23 

years of research, has a span of 172 
feet , a wing area of 4000 square feet, 
an empty weight of 73,000 pounds, 
and a surprising useful load of 120, -
000 pounds. 

PLANE COM FORT Q U IZ 
Indicates that Planes 
Could be Still Better 

Now THAT airplane travel has be­
come as inexpensive as railway 
transportation, and is very much 
faster, it is fair to compare the two 
as regards comfort. Hence, the Boe­
ing Magazine has made an opinion 
survey. 

Asked which is less comfortable, 
a train or a plane trip, 50 percent of 
those queried answered "train" ; 20 
percent said the airplane was less 
comfortable; 11 percent said they 
werf about the same; and 19 percent 
didn't know. Apparently the air-' 
plane had somewhat the better of 
it in this quiz, but it is not to be 
concluded that the airplane is above 
improvement in comfort. 

Travelers by air, whether experi­
enced or newcomers, often complain 
of lack of space to move around; 
roughness, bumps, and sinking feel­
ings ; air sickness ; lack of berths ; 
noise or vibration; and fear causing 
discomfort. 

Some of these complaints seem 
likely to be removed by modern air­
craft designs. Fear will be dispelled 
by still greater improvements in 
safety. Greater size of aircraft with 
separate dining quarters and lounge 
halls can remove the criticism of 
lack of space. Very fast, heavily 
loaded aircraft, flying at great 
heights, should avoid bumpy sensa­
tions and hence help to reduce air­
sickness. 

Lack of berths is a question of 
economics-if the public is willing 
to pay more for air travel, berths 
will be forthcoming. 

Three-quarter rear view of the latest Northrup Flying Wing 
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PETROLEUM 

Conducted by E. F. LINDSLEY 

Mu Iti-Pu rpose Paradox 

Until All Machines Use Similar Bearings Under Like Load Conditions, 

"All-Purpose" Greases Remain Impractical. Multi-Purpose Greases 

are Available, However, and When Common Sense Indicahls Their Use 

They Can Save Time, Reduce Inventories, and Eliminate Confusion 

By T. G. ROEHNER 
Technical Director, Technical Service Laboratories, 

Socony-Vacuum Oil Company, Inc. 

RECENT years have seen a greatly 
accelerated rate of development 

in the lubricating-grease field. Ex­
perience under service conditions 
forcibly demonstrated the need for 
greases capable of operating under 
extremely wide ranges of tempera­
tures. Many aircraft bearings for 
example, may during the course of 
a single flight be exposed to tem­
peratures as low as minus 65 de­
grees, Fahrenheit, at altitudes over 
35,000 feet and as high as 200 de­
grees at low altitudes. 

Conventional greases having the 
consistency of butter at room tem­
perature may become so solid at 
sub-zero temperatures that move­
ment of bearings packed with them 
can not be started even by applica­
tion of pressures sufficient to twist 
light shafting. The use of a grease 
such as that commonly employed for. 
the lubrication of ball bearings in 
electric motors would mean that 
at high altitudes trim-control tabs 
could not be operated nor could the 
cowl flaps and many other com­
ponents of aircraft be actuated hy­
draulically. 

Farm machinery shipped from 
Detroit might be used in the tropics 
or be exposed to winter conditions 
in Russia. The greases in tractor 
wheels have to resist the tempera­
tures encountered, prevent entrance 
of dirt and sand, and protect the 
bearings from corrosion in wet 
areas. 

Greases used on ship-deck ma­
chinery must perform satisfactorily 
both during winter storms and dur­
ing summer trips around Cape Horn 
to India. Furthermore these greases 
have to stay put and serve as rust 
preventives when the machinery is 
submerged by heavy seas. 

Superimposed on such varied per­
formance problems as these, is the 

• 
LOOKING 

AHEAD • 

Greater co-operation among 

machine designers, bearing 
builders, grease compound­
ers ... Further development 

of multi-purpose lubricants 

for non-mobile equipment. 

... Grease application de­
vices with wider adapta­

bility ... More about water­

and high - temperature - re­

sistant greases. 

steady demand for reduction in the 
number of greases required to satis­
fy all operating requirements. At 
the start of World War II, for ex­
ample, a survey showed that if the 
instructions of the manufacturers of 
ordnance equipment were followed 
rigidly, over 3D different greases 
would have to be supplied on prac­
tically a world-wide basis. Before 
V -E Day, this unwieldly number 
was reduced to four basic and about 
six special greases. 

The ideal, of course, would be the 
improvement of greases and their 
applications to the point where a 
single grease could lubricate all 
bearings, winter and summer, re­
gardless of severity of operating 
conditions. Such "all-purpose" prod­
ucts have not been achieved. Prog­
ress, however, has been made in de­
veloping "multi-purpose" greases. 

GREASE KNOWLEDGE NEEDED­
New types of products have recent­
ly been developed, such as those 
made with lithium, strontium, bari­
um, and high-melting-point calci­
um-base greases. These new greases 
possess water- and high-tempera-

ture-resistance features not found in 
conventional calcium-, sodium-, and 
aluminum-base greases. Advances 
have also been made in the formu­
lation and manufacture of the latter. 

Of equal, and perhaps greater 
importance is the recent progress 
in the methods for evaluating 
greases and securing more accurate 
interpretation of test data. This re­
search led to a better understand­
ing of the fact that all greases under­
go critical changes in structure and 
consistency as temperatures change. 

A sodium-base grease, for ex­
ample, may have the consistency 
and structure of a conventional, 
auto-wheel-bearing grease at room 
temperature, but at sub-zero tem­
peratures it may change to a prod­
uct so hard that a pencil can be 
forced into it only with considerable 
difficulty, while at about 200 degrees, 
Fahrenheit, it may be converted to 
a soft, tough-fibered grease that will 
wind around a spindle, and when 
raised to 300 degrees, Fahrenheit, it 
may acquire the appearance of a 
jelly. 

Greases may be quickly defined 
as soap-thickened mineral oils and 
an understanding of the funda­
mental differences in their behavior 
in service as compared with uncom­
pounded lubricating oils-which re­
main as true fluids above their pour 
points-is valuable to those con­
cerned with grease usage. This is 
particularly true with the more re­
cently developed greases which may 
contain, in addition to soaps, com­
ponents to improve their chemical 
and structure stabilities, to increase 
their rust-preventive properties, 
and to add to their load-carrying 
abilities. 

Large plants and mills with hun­
dreds of machines are naturally in­
terested in multi-purpose greases. 
Here, the machines in each plant 
often differ widely in design and 
operation, arid their bearings also 
differ in type and lubrication re­
quirements. Because of this, it is 
not unusual for such a plant to stock 
six or more greases. Hence, careful 
supervision becomes necessary to 
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avoid bearing failures with conse­
quent long-time shut downs of ma­
chines due to mistakes in applica­
tion of the greases. Bearing replace­
ments are often difficult to obtain 
and, more important, idle machines' 
cut into production schedules. The 
use of multi-purpose greases coupled 
with training of greasers in correct 
application and maintenance has 
been proved effective in solving this 
type of problem. 

AUTOMOT IVE D I LEMMA - Op­
erators of truck and bus fleets have 
also shown interest in multi-purpose 
greases. In this field, development 
has proceeded to the point where 
a single grease has been offered 

w):l.ich will adequately lubricate 
bearings of trucks and buses from 
bumper to bumper. 

. 

In this connection, however, the 
extent to which bearings of trucks 
and buses vary in design and op­
erating conditions is seldom fully 
realized. In universal j oints, for ex­
ample, the bearings may be bushing, 
needle, ball, or roller types. Some 
water pumps are equipped with ball 
bearings while others use plain 
bearings. Also, in some water pumps 
the grease has to function not only 
as a lubricant, but as a seal to pre­
vent water leakage, whereas other 
designs include spring-loaded seals 
which will operate properly only 
when greases of soft consistency are 

Low-temperature cabinet (above ) ,  viscosity-determination un it  (right), 
and ba l l -beari ng  grease eva luator (below) exemp l i fy apparatl!s that is 
constantly devised as new grease research problems are encountered 
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employed. The bearings which ac.., 
count for the largest consumption 
of grease are the so-called chassis 
fittings-spring shackles, king pins, 
tie rods, and drag links. Grease is 
also used as lubricant for wheel 
bearings, brake cams, clutch re­
lease bearings, constant velocity 
j oints, and for certain designs of 
magnetos. 

_ Essentially there are two ways to 
approach the truck and bus fleet's 
problem. Going down one path, the 
obj ective would be to analyze care­
fully the requirements for each type 
of bearing and operation, and design 
a product to provide maximum ser­
vice for each type, The second path 
-use of multi-purpose greases-
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leads to compromises. The objective 
here would be to provide a grease 
which, while not the absolute best 
for any one type of bearing, would 
still do a satisfactory enough j ob so 
that when coupled with the eco­
nomical simplification of stocks thus 
made possible, a net, over-all ad­
vantage would be gained. 

The news of unusual types of 
greases born during work on the re­
quirements of the Armed Forces has 
prepared the way for wider ac­
ceptance of multi-purpose greases. 
Indeed, reports concerning lithium­
base greases sometimes have been 
so enthusiastic that they encouraged 
conclusions that even an all-pur­
pose grease is now available. An all­
purpose grease would have to be, by 
definition, a product which not only 
had the correct chemical composi­
tion, but which would also have to 
have a consistency that would be 
satisfactory for all types of bearings 
and housings. The short review 
given above of variation in bear­
ing designs will indicate that no one 
consistency is likely to meet that 
limitation regardless of composition. 
Thus, until there is more progress 
made toward uniformity of bearings, 
the most practical simplification pos­
sible is acceptance of multi-purpose 
greases. 

PRACTICAL CON S I D E RATI O N S  
The successful utilization o f  a mul­
ti-purpose grease is dependent on 
the installation of adequate dispens­
ing equipment and on avoidance of 
extreme ranges of operating tem­
peratures. The design of the grease 
guns must be dictated by the prop­
erties of the grease. In some cases, 
the grease technologist is often 
forced to fit his formulations within 
the limits prescribed by the grease 
guns already available rather than 
to develop the product demanded 
for most efficient lubrication of the 
bearings. Thus, if a multi-purpose 
grease is employed, the greasing 
equipment must be capable of han­
dling not only the soft, often semi­
fluid consistencies common for chas­
sis greases, but must also take care 
of products considerably stiffer. 

It is conventional to refer to con­
sistencies of greases in terms of . 
ASTM penetrations. An ASTM 
worked-penetration of 350 means 
that under conditions carefully 
specified by American Society of 
Testing Materials' Method 217 -44T 
a cone assembly weighing 150 gram� 
sank 350 millimeters in the grease 
in five seconds after the grease had 
been worked by forcing it through 
a perforated plate 60 times at 77 de­
grees, Fahrenheit. High-pressure 
grease guns, built to handle chassis 
lubricants with ASTM worked-
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penetrations of 325 and softer will 
not operate satisfactorily with wheel 
bearing greases which normally have 
ASTM worked-penetrations from 
250 to 300. Wheel bearing greases, 
however, must have that consistency 
because otherwise they may leak 
past the seals and possibly lead to 
burning and seizure of brakes. The 
ideal lubricant for wheel bearings 
would be a heavy oil or semi-fluid 
grease, but no seals have been pro­
duced in commercial quantities 
which will hold such fluid lubri­
cants in position. On the other hand, 
firmer greases than now are used for 
spring shackles could be used to ad­
vantage for those and similar bear­
ings as they would be more re­
sistant to being squeezed out. 

The importance of correct lubri­
cation of wheel . bearings is so obvi­
ously the controlling consideration, 
a multi-purpose grease would have 
to be based primarily on the con­
sistency demands of that application. 
Experience has shown that most of 
the other bearings will be satisfied 
by that consistency if the composi­
tion of the grease is of sufficiently 
versatile character. The exceptions 
would be for bearings where only a 
soft grease can be used in order to 
insure proper distribution, as, for 
example, in constant-velocity j oints 
and where extremely high, localized 
temperatures are expected, such as 
those characteristic of magnetos. 

The use of multi-purpose greases 
quickly becomes more difficult if op­
erating temperatures vary over wide 
limits, because of the consequent 
extreme variations in the con­
sistencies of the greases. Aside from 
composition, which is determined by 
the manufacturer, the factor which 
has the greatest effect on consistency 
of greases is temperature. A certain 
widely used wheel-bearing grease 
having an ASTM worked-penetra­
tion of about 250 at 77 degrees, Fah­
renheit, will harden to a penetration 
of about 50 at minus 20 degrees, 
Fahrenheit. Also, if a grease that is 
firm at low temperature were used 
in king pins, tie rods, and drag links, 
steering would become quite diffi­
cult. In brief, in some sections of the 
country it is advisable to use so­
called "winter" and "summer" 
grade greases, the former specifi­
cally manufactured to meet cold­
weather conditions. The use of a 
multi-purpose grease in such areas 
obviously introduces a serious com­
plication. 

In conclusion, it may be stated 
that grease technology has made 
important advances under the pres­
sure of recent demands and that the 
fundamental information gained is 
being translated into benefits for in­
dustrial requirements. One evidence 

of this trend has been the offering 
of a multi-purpose grease which 
under �ertain conditions will enable 
an attractive reduction in the num­
ber of greases formerly employed 
for a complete grease service j ob. 
The ideal has not yet been achieved, 
however, where a multi-purpose 
grease may be furnished without 
careful study of all conditions and, 
certainly, the all-purpose grease has 
not yet arrived. 

PAINT REMOVAL 
Simplified by Oil 
On Spray-Room Walls 

AN UNUSUAL use for a material 
known as Castor Machine Oil has 
been discovered by an automobile 
manufacturer. This oil is made to 
be adhesive and stringy, which 
properties make it ideal for its 
rather novel application. 

The product is mixed with a soap 
and put on the walls of paint rooms 
in which automobile body parts are 
spray painted. Thus, paint from the 
various spraying operations which 
collects on the coated surface is 
easily removed each night with a 
putty knife, and excessive amounts 
of paint are prevented from collect­
ing on the walls. 

PLASTISOLS 
Afford Economical Means 
of Applying Vinyl Resins 

POLYVINYL resins, widely used for 
coating shower curtains, imitation 
leather, upholstery fabrics, and wires 
and cables, have usually been ap­
plied by complicated processes and 
expensive roll mills, calendars, and 
hydraulic presses. To eliminate this 
need for laminating thin sheets of 
the resins to the base material. 
newer means have been developed 
to apply the resins as liquids. 

One such method makes use of 
a fluid mixture called a "plastisol," 
in which the powdered resin is dis­
persed in a liquid plasticizer by 
mechanical mixing aided by small 
quantities of a dispersing agent. The 
fluid film is easily applied by means 
of knife or roller coaters. 

The requirements of such a plasti­
cizer for polyvinyl resins are rela­
tively complex since color, storage, 
stability. and volatility are but a 
few of the problems encountered. A 
synthetic material from petroleum 
has been developed for the purpose 
by Socony-Vacuum and carries the 
name S/V Sovaloid C. A fairly 
light colored, low viscosity, high­
boiliIlI:; oil. the plasticizer is com­
patible with most of the vinyl resins. 
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E L E C T R O N I C S  

Triboel ectric sorter i n  use-even heat-treated and  non-heat-treated meta l s  
d i ffer enough meta l l urgica l ly to be identified b y  t h i s  practica l i nstrument 

Mixed 
Meta l Ma g i c 

J umbled Al loy Stocks and Pa rts can  N ow be Re- I den tified by Us ing the 

Smal l  C urrent  Genera ted when Dissim i la r  Meta ls Rub Together. D i rect­

Reading Spectrometers Speed Ana lysis, Cut Down Costly Furnace Time 

By JOHN MARKUS 
Associate Editor, Electronics 

I NCREASED production rates, high­
ly critical end uses, closer chemi­

cal specifications, and the need for 
conserving scarce alloy constitu­
ents have combined in recent years 
to focus attention on means for 
sorting and analyzing both ferrous 
and nonferrous alloys. Thus, pre­
eision and high-speed electronic 
methods of identifying metals and 
alloys are now available that will 
sort metal objects having identical 
size and appearance. The sorting is 
quick and accurate, and requires 
only that the metals be metallurgi­
cally dissimilar-even such a small 

change in metallic structure as that 
produced by heat treating can be 
detected. And now also it is possible 
to obtain an accurate analysis of a 
molten metal in less than one min­
ute. 

SORT I NG - One new electronic 
metal-sorting device employs the 
triboelectric principle-the same 
principle that makes sparks when 
a cat's fur is rubbed backward-to 
give a yes-or ... no reading in a few 
seconds. It is small enough to be 
carried easily and is intended for 
use right in the plant. 
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Conducted by KEITH HENNEY 

Unavoidable mixups of steels and 
other alloys in various stages of 
fabrication have always existed in 
metal-working pl�nts. For example. 
a stack of billets may upset and spill 
over, mixing with adjacent stacks 
having the same size and appear­
ance but different composition. In 
other cases, machining operations 
obliterate painted, tagged, or 
stamped identification markings, and 
frequently unused portions of bar 
stock are returned to stock piles 
after the identified ends have been 
cut off. 

The triboelectric instrument that 
will sort out such mixups depend 3 

• L O O K I N G  A H E A D . 
Less expensive confusion i n  stori ng  
a l loy meta l s  . . .  Reduction of sc rap 
losses through inadvertent  m ixing of 
pa rts. . . Qu ick iden tifica tio.n of 
meta l s  i n  mach ines need ing  repa i r  
pa rts . . .  Shorter non -productive i n ­
ter ims wa i ting for furnace heats to 
be a n a lyzed . . .  E l imination of lab­
oratory "bottlenecks./I 

on the fact that when two metal­
lurgically dissimilar metals in con­
tact with each other are moved 
back and forth a voltage ranging 
from a fraction of a microvolt to 
several millivolts, depending upon 
the metals, is generated. The voltage 
is caused by a re-distribution of 
electrons on the interfaces of chemi­
cally dissimilar substances that are 
rubbed together. 

Since heat treatment of most al­
loys produces chemical changes, the 
method can also be used to dis­
tinguish between heat-treated and 
hot-worked alloys coming from the 
same heat or melt. The manner of 
creating the moving contact is not 
critical provided it is carried on 
long enough to develop saturation 
potential. For a reciprocating tool 
operating at ten strokes per second 
the required period is about four 
seconds. A lubricant is used on the 
surface of the standard metal during 
tests to minimize chances of scoring. 
because scoring or erosion of metal 
during the test will introduce an 
error in indication. 

In the commercial instrumE'nt, as 
made by Control Equipment Com­
Dany, an electronic circuit controls 
the total operating time for a test 
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and provides a potential to balance­
out stray currents. A motor-driven 
reciprocating tool having a 3/s-inch 
stroke provides the friction generat­
ing motion. In operation, a known 
or standard rod of metal is placed 
in the chuck of the tool and is held 
stationary on the unknown . metal. 
A fork on the tool presses against 
the unknown sample to make elec­
trical connection with it, complet­
ing the circuit through the two 
metals and a portable, mirror gal­
vanometer. A control is then ad­
justed to bring the meter pointer to 
zero, after which a button . on the 
tool is pressed to start the recipro­
cating motion of the known metal 
in the chuck. The reading of the 
microvoltmeter is taken after the 
tool has been automatically stopped. 
If the reading is substantially zero, 
known and unknown metals are 
identical ; if the reading is different, 
the polarity and magnitude of the 
reading are indicative of the degree , 
and nature of the dissimilarity. 

In general, all metals and alloys 
may be arranged in a triboelectric 
series so that a metal which pre­
cedes another metal in the table 
will be positive with respect to the 
succeeding metal. Thus, if five met­
als-A, B, C, D, and E-are arranged 
in this way, C will be slightly posi­
tive with respect to D and more 
positive with respect to E. Con­
versely, . C will be negative with re-

spect to A and B. - Once prepared, a 
table of this kind can be of great 
assistance in rapid sorting. 

Since this instrument provides a 
non-destructive test, it may be ap­
plied to identification of built-up 
machinery, assembled vehicles, or 
any combination of metals. The fact 
that the pieces being tested are in 
metallic and electrical contact with 
adj oining members does not affect 
the accuracy of the test. 

Q U I C K  ANALYS I S  - In the basic 
spectrometer, as used in an open­
hearth steel mill, a small sample of 
the material to be analyzed is melted 
in an intensely hot spark and the 
resultant characteristic light spec-
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trum is spread out for photograph­
ing. The density of the spectrum 
lines on the negative must then be 
e�amined visually or measured with 
a photoelectric densitometer to ob­
tain the desired information. This is 
a tedious process with many draw­
backs that may impair the quality 
of a melt and waste as much as an 
hour of steel-mill furnace time per 
day. 

In the melting, alloying, and cast­
ing of metals, a new direct-reading 
spectrometer can lower costs by re­
ducing the time a melt must be kept 
at temperature while waiting for an 
analytical report. 

By eliminating the photographic 
process in the spectrometer and 
using a dozen or so strategically 
positioned multiplier phototubes to 
measure simultaneously the intensi­
ties of the desired spectrum lines, 
darkroom processing is eliminated. 
One such electronic version of the 
spectrometer, as made by Applied 
Research Laboratories, will deter­
mine the chemical analysis of a 
properly prepared sample in about 
45 seconds. 

The spectrometer unit contains a 
spark source, a primary slit, and a 
diffraction grating to spread out the 
light into a spectrum, much as in a 
conventional spectrograph, but be­
yond this the resemblance ceases. 
There is a long focal curve along 
which slit-covered receivers can be 

Mag nesium a l loys 
a re ana lyzed (left) 

and the results 
recorded on paper by 

fully automatic 
spectrometer used at 
Dow Chemical  p lant. 
Similar unit  (below), 

made by Applied 
Research Laboratories, 

is d i rect-read ing, 
speeds steel-

mi l l  operations 

moved to receive the light from any 
spectral line desired. As many as 12 
receivers, each with its multiplier 
phototube, amplifier, and associated 
electronic circuits, can be positioned 
along this curve without serious in­
terference between them and in 
such a manner that several lines 
close together in the spectrum can 
be measured simultaneously. 

The radiation which passes through 
a receiver slit falls upon an elec­
tron-multiplier phototube. The out­
put current of this tube, which is 
proportional to the intensity of the 
light falling upon the cathode, is 
then integrated and converted into 
a series of electrical impulses, the 
sum of which is proportional to the 
integrated intensity of the spectral 
line. These impulses are amplified 
by means of an electronic amplifier, 
which is a part of the receiver, and 
passed on to the recording console. 

The spectrometer unit is about 
five feet high, nine feet long, and 
four feet deep, with enough room at 
the back for a man to sit inside and 
make focussing adjustments in the 
dark. Thus no special dark room is 

. required to house the unit. 
The recording cop-sole, a separate 

device almost as large as the spec­
trometer, furnishes the final ana­
lytical results. For each phototube 
there is a motor-driven electromag­
netic counter driving a 50-inch tape 
on which is printed a percentage 
sequence corresponding to the typi­
cal spectrochemical working scale. · 
Each tape starts at its reference 
point, and advances one number at 
a time at a rate determined by the 
intensity of the spectrum line it 
represents. The count is terminated 
at a definite integrated intensity on 
the standard spectrum line being 
used for reference. The chemical 
percentage for each element being 
measured can then be read off di­
rectly from the numbers visible on 
the tapes at the reading apertures. 
The operator only needs to enter 
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these results on his analytical form, 
press a button to re-set the re­
corders, and the unit is ready to 
analyze the next sample. 

In this manner has been solved 
one of the most annoying limitations 
of spectrography-the necessity of 
having the lines of the elements to 
be determined at about the same 
level of intensity. A still greater 
problem-variable contrast of the 
photographic emulsion with wave­
length-also vanishes because the 
multiplier phototubes have a linear 
response. 

With this direct-reading spec­
trometer, alloys can be analyzed at 
the rate of 25 seconds per deter­
mination, compared to three minutes 
per determination with the photo­
graphic method. Up to eleven ele­
ments can be analyzed at one time. 
Control circuits make it possible to 
have s�veral different types of con­
ditions ready for instant use, so that 
several alloys may be analyzed al­
ternately without readjusting the 
machine. 

ECON OM I ES-The rapidity of op­
eration provides a "pour or not-to­
pour" analysis, in the case of metal 
production, in a minimum of time. 
Here, every minute saved is a min­
ute less of furnace time required. 
Cutting such an analysis from ten 
minutes to less than three minutes 
from the time the sample is received 
provides real economies in fuel, 
overhead costs, and so on. 

An example of these savings is 
the case of producing high-grade 
steels in an electric furnace. The 
furnace may be charged from scrap 
or with metal from an open-hearth 
furnace. In the former case, about 
three to five hours will be required 
to melt down the scrap. Just as soon 
as the charge is thoroughly melted, 
a preliminary eight-element analy­
sis will be required to determine 
the residuals in the steel. Whether 
it takes one minute or ten minutes 
to perform this analysis is not par­
ticularly significant when just one 
furnace is being considered, as the 
main purpose of the analysis is to 
determine whether the steel needed 
can be made from that particular 
melt, or whether the residuals are 
such that another type must be pro­
duced. This analysis is usually fol­
lowed with other preliminary ones 
to control the refining process. 

The first important analysis from 
the standpoint of possible time saved 
is the one just prior to the "slag 
off." If the various residuals have 
been brought down to specifications, 
the oxidizing slag can be removed 
and the deoxidizing slag put on the 
heat. Thus, if carbon can be deter­
mined in a few minutes by a high-

speed method and the other alloying 
elements by a method just as rapid, 
at least eight minutes of furnace 
time can be saved at this point. If 
the results of the analyses are such 
as to allow the slag off, these same 
analyses can be used to determine 
the correct additions to bring the 
melt to the desired steel specifica­
tions. 

After making these additions, an­
other half to three quarters of an 
hour prepares the steel for tapping. 
However, before the actual tapping 
can be done, the final sample must · 
be analyzed. If this analysis can be 
concluded in two minutes-instead 
of ten or fifteen-at least eight min­
utes can be saved in determining 
whether to pour. Thus, in the op­
eration of just one electric furnace, 
at least 16 minutes can be saved in 
every melt of from five to eight 
hours. In a 24 hour day, about one 
hour of furnace time could be saved 
per furnace by a direct-reading in­
strument over that required with a 
standard spectrographic installa­
tion. 

Exactly the same kind of analyses 
are required in casting, forging, or 
fabricating with steel. Hence direct­
reading spectrometers can be ap­
plied to any of these fields. Whether 
such applications will lead to large 
savings depends considerably upon 
the magnitude of the operations in­
volved and their intricacy. In all 
cases where work must wait on lab­
oratory analysis, the double saving 
of general operating costs and lab­
oratory costs can often j ustify the 
installation of direct-reading equip­
ment. Even in cases where only 
laboratory costs are involved, but 
where a large volume of testing 
must be handled, the greater speed 
of the direct-reading instrument 
over spectrographic methods or 
chemical methods often make its 
installation economically desirable. 
Likewise, savings have been shown 
for the aluminum and magnesium 
manufacturing fields. 

A somewhat similar automatic 
spectrometer developed by the Dow 
Chemical Company for the same 
purpose records its results on paper. 
This machine has been in use in the 
company's magnesium alloying plant 
for ' several months, and can give an 
alloy analysis in 40 seconds, a frac­
tion of the time required by former 
techniques. Amounts of up to 14 
elements present can be determined 
simultaneously. Girl operators can 
be trained in one day to use the 
instrument efficiently since the en­
tire operation is fully automatic 
from the time the metal samples are 
placed in the instrument until the 
analysis is recorded on paper for 
reference or filing. 
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PLASTICS BALLS 
Sealed Air-Tight in 
Motter of Seconds 

DIELECTRIC electronic heating is be­
ing used to j oin large strips of Viny­
lite in air-tight, water-tight seams 
for giant toy balls. The sections of 
the thermoplastics to be sealed are 
placed between metal electrodes 
supplied with radio-frequency pow­
,er from an RCA, two-kilowatt elec­
tronic generator and fusion of the 
surfaces in contact is a matter of 
seconds. 

According to the DuPage Plastics 
Company, this tough, lightweight 22-
inch diameter ball could not have 
been made on a practicable basis by 
any other heating method. Conven­
tional stitching would have required 
a separate water-proofing operation. 

HORSESHOES 
Mode with Aid of 
Electronic Heating, Welding 

AN ELECTRONICALLY controlled 
welding press is now being used to 
j oin the toe calks to horseshoes in a 
mass-production operation. Pre­
heating of the shoes is done by an­
other electronic unit, a 20-kilowatt 
electronic heating generator near 
the welder. In this first operation, it 
takes about eight seconds to heat 
the shoe to a temperature of about 
1200 degrees, Fahrenheit. Resistance 
welding of the shoe to the calk is 
controlled by an electronic timer 
that determines duration of the cur­
rent flow for each pulsation of weld­
ing current. The total number of 
pulsations and the cooling time be­
tween pulsations are controlled by a 
sequence timer. Output of the ma­
chine is 360 shoes per hour, and 
these contribute to the total of 20 
million horseshoes manufactured 
annually. 

TELEVISION TU BES 
Ride Conveyor Line 
on Moss-Production Basis 

C OATING of the glass bulbs of large 
television tubes is now done on a 
mass-production basis, 10 workers 
turning out more than 1400 tubes a 
day. 

At one end of the room the bulbs 
are washed and placed on a con­
veyor that carries them to a baking 
oven. After baking they go to an 
automatic spray machine that coats 
the face of the bulb with phosphor 
powder. Other conveyors take them 
to inspectors, wipers, and oven op­
erators. None of these workers need 
move from their positions ; the con­
veyors do all the transporting of 
the fragile bulbs from place to place 
at a North American P4ilips plant. 
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Look i ng To 
Th e L i g h t 

Refuti n g  the Bel ief tha t  Modern, Eng ineered Lighti ng Must Always be 

Costly and  I nvolve Extens ive Re- B u i ld ing, the Bowd i tc h  Grode
' 
School 

Experimen t is C heerfu l  Proof to the Contra ry. Sta ndard Fixtu res, A 

Little Pa i n t, and  A Lot of Thought  were the Keys to Better Seeing  

L IKE many another American 
grade school, the Bowditch 

School in Salem, Massachusetts 
was built 30 or more years ago. 
And, again in common with hun­
dreds of typical schools, the light­
ing-both artificial and natural­
was something less than all that 
could be desired. Blackboards were 
genuinely black and soaked up a 
good share of the available light. 
Reflections were hard to control, 
and the familiar cry of "Teacher, 
I can't see the board" was heard in 
spite of various combinations and 
manipulations ot window shades 
and room lights. Windows that 
were intended to provide natural 
illumination did only half the j ob­
the side of the room farthest from 
them was too dark-yet the glare 
from the sky was too bright. All 
in all, the problem was a difficult 
one, yet an old and common one. 
Its solution required the combined 
skills of functional painters, illu­
minating engineers, school-furni­
ture designers, and educators. 

Aimed at this solution was the 
establishment of Room 4 ,  at Bow­
ditch School as an experimentiJ.l 
laboratory in the form of a working 
classroom. Here, the four windows 
faced southwest, reached within 
six inches of the ceiling, and had a 
glass area equal to 19 percent of 
the room floor area. Artificial light­
ing consisted of nine conventional 
open-shade lights with one 100-
watt and eight 50-watt bulbs. 'I;'hree 
standard blackboards lined as many 
walls, and the familiar school desks 
supplemented by a very ordinary 
color scheme and a picture of 
George Washington completed the 
scene of primary education. 

As outlined originally, the plan 
for remodeling Room 4 for "labora­
tory" use involved five basic fact­
ors. For one thing, it was important 
that the artificial lighting equip­
ment or "luminaires" would not be 

so different from the standard fix­
tures as to require special installa­
tions and construction. Other 
equally important points included 
the necessity for controlling the en­
trance of daylight; high reflection 
factors for the main surfaces in the 
room; furniture conducive to cor­
rect body positioning for optimum 
light utilization; and a color scheme 
contributing both to a pleasant at­
mosphere and correct mixing of ar­
tificial and natural light. 

LUM I NA I RES - In the schoolroom 
as it was remodeled, the foregoing 
factors supplemented each other 
and blended together to produce a 
harmonious and efficient result. 
Each, however, presented individual 
problems and the arrangement cur­
rently in use is not regarded as a 
final solution to schoolroom lighting 
but rather as a working stage in 
experiments to that end. 

The fluorescent luminaires se-

-
I N  O T H E R  F I E L D S  

lected were of a standard, triangu­
lar-shaped type and mounted two 
feet below the ceiling. To reduce 
the brightness of the sides of the 
lights facing the students, however, 
the glass on that side was replaced 
by a modified glass of greater den­
sity. This resulted in a satisfactory 
general brightness level and also 
produced an asymmetric light dis­
tribution with the greatest illumina­
tion coming from the sides of the 
lights toward the blackboards. "Thus, 
w�th the brightness on the �'black­
board" side having nearly twice the 
value of the brightness on the "pupil" 
side, no extra lighting was needed 
for good blackboard illumination. 

School-room l ight 
meter ( obove ) fixed 

to monitor's 
desk, tel l s  when 

extra, or less, l ight 
is  needed from 

fluorescent lamps 
( left ) .  Louvers on  

windows i n  the 
backg roun d control 

sky g lare, team 
with asymmetric l ight  

d istribution from 
lamps to boost 

blackboard visib i l i ty 
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Poor l ight  and  sky g l are (above) mark 
orig ina l  fifth-grade room.  Re-modeled 
room (right) lost o ld  faults, ga ined 
in appearance, took no maior changes 

It should be pointed out, how ­
ever, that if the children had been 
seated around tables rather than 
facing the front of the room the 
asymmetric light distribution would 
not have been installed. A similar 
situation is found in industrial light­
ing installations where, for example, 
a shop may have areas where a 
number of workers are seated and 
facing a given direction ; and other 
areas where machines are placed at 
a variety of angles to provide aisle 
�learance and so on. 

Control of the fluorescent lights 
is based on three rows of fixtures 
running longitudinally of the room 
ceiling. The lamps in the row near­
est the wall burn at all times when 
the room is in use. This' is necessary 
to provide a minimum of 40 foot­
candles at desk-top level. The cen­
tral row of lamps, and the row near­
est the windows, are controlled by 
a "monitor" pupil who switches 
them on according to the indica­
tions of a simplified light meter 
fastened to the desk. The meter is 
not calibrated in numerical mark­
ing but rather has two windows­
marked "turn on" and "turn off"­
through which a needle shows 
when lamp. control is necessary. 

Ordinarily, the monitor is called 
upon to operate only one switch 
which controls the lower lamps in 
the middle row of fixtures and the 
upper lamps in the fixtures adj acent 
to the windows. . Another switch 
controls the lower lamps in the win-

dow row and is used only at night 
or on unusually dark days. An in­
teresting sidelight on the actual 
lighting is furnished by the morale 
factor associated with the monitor's 
operation of the lighting switches. 

Here it is apparent that even at 
an early age, members of a group 
take pride in having some degree of 
control over their working environ­
ment. In this case, the work time 
lost is negligible since the indicator 
needle is ordinarily unseen behind 
a blanked-off area of the meter face 
and only appears when the light 
level falls below the desired 40 foot­
candles or passes above the 60-
footcandle level. The success of the 
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• L. O 0 K I N  G A H E A D . 
Fewer m ista kes, more accura te work 
i n  schools a nd industry a l ike with 
better l igh t. • . Recog n ition that  
l ig h t  control is as  im porta n t  as  l ight  
i n tensity . . .  Pa i n t  experts a nd l ight ­
ing engi neers merg ing  knowledge . 
. . . Careful  pla n n ing  for use of econ­
omical  sta nda rd fixtures i n  better­
than -standard a rra ngements .  

plan indicates that a similar ar­
rangement might well be adapted 
for lighting, ventilating, and like 
controls in industrial plants. 

WI N DOW LOUVERS - Coupled 
with the need for a well controlled 
artificial lighting system was an 
equally important demand for regu­
lating the daylight entering the 
J:;oom through the side windows. In 
this case, the problem resolved itself 

into four maj or considerations. Ex­
cessive sky brightness at forward 
angles had to be eliminated. At the 
same time, however, provision had 
to be made to allow the children to 
view the sky by looking towards 
the windows-this to avoid any un ­
desirable atmosphere of a "closed" 
room. In addition, it was important 
that as much daylight as practical 
reach the side of the room away 
from the windows and, moreover ,  
that the first three obj ectives be at­
tained without installing devices 
that required adjustments more in­
volved than the usual management 
of a roller shade. 

Some experimenting was done 
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with Venetian blinds but these were 
discarded in favor of vertical steel 
louvers oriented by non-adjustable 
fastenings at 90 degrees to the win­
dow glass. It was decided that 
minor gains in effectiveness that 
could be obtained through the use 
of adjustments for the louver angles 
were outweighed by the possibility 
that the louvers would be left in the 
wrong position. The four-inch wide 
louvers-spaced at 3% inch inter­
vals-were formed in a slight "S" 
shape and possessed the advantages 
over Venetian blinds of both 
strength and easy cleaning. As fur­
ther convenience factors, the louv­
ers were hinged to swing outwards 
for window washing and afforded 
enough space between them to elim­
'inate any troubles in reaching the 
window latches. 

Viewed at a 45-degree angle, the 
louvers completely screen any di­
rect view of the sky, thus cutting 
off the glare for the students whose 
line of sight is directed towards the 
front of the room. From this angle 
up to 90 .degrees the brightness of 
the sky increases gradually and thus 
provides the desired result of not 
screening the pupils entirely from 
a view of the outside. 

When conditions are such that 
direct sunlight would penetrate the 
room, a light, translucent, roller 
shade located directly behind the 
louvers may be adjusted to prevent 
excess illumination. 

After installation of the louvers, 
the daylight illumination within the 
room was checked with a footcandle 
meter and found to be much more 
uniform than it was before. Ex­
pressed in brightness ratios, the 
contrast between window and side­
wall - narrow sidewall between 
windows-was 150 : 1 before provid­
ing the louvers. Similarly ex­
pressed, the ratio of the windows 
to the front wall was 55:  1 without 
louvers. After the louver installa­
tion, these ratios dropped to 7: 1 
and 2 113 : 1, respectively. In all 
cases the brightness measurements 
of the windows were taken at an 
angle of 215 degrees. The effective­
ness of the louvers is apparent from 
these figures and, in addition, it was 
pointed out that their cost would be 
less than that of Venetian blinds if 
they were made on a quantity basis. 

PA INTI N G  FOR L I G H T  - To gain 
the fullest value from the new lights 
and window louvers, a change in the 
school-room color scheme was 
worked out with a particular eye to 
both color harmony and reflectivity 
values. Another factor, that of warm 
and cold colors, was decided in favor 
of the warmer colors both because 
of the fact that the room was most 
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used during the cooler months and 
because the warm colors selected 
retained the same general appear­
ance under white fluorescent light­
ing as they offered under daylight. 

In attempting an accurate de­
scription of the colors finally 
evolved for the room, the engineers 
encountered the traditional lack of 
exact color terminology. In general, 
the upper wall is a light coral and 
the lower wall or dado a slightly 
deeper coral. The exact proportions 
of paints and colors were deter­
mined by experimental mixing un­
der both natural and fluorescent 
lighting. The ceiling area was white 
with a trace of wall color, and the 
louvers were treated the same as 
the lower walls. Further efforts to 
obtain a good reflection factor in 
the room involved the installation 
of a light grey, asphalt-tile floor 
with a marbelized pattern to make 
heel marks less prominent. 

F U N CTIONAL F U RN I T U R E  - Re­
cognizing the necessity for proper 
posture if lighting and vision were 
to be held at efficient levels, the 
Bowditch School removed the old­
style desks and installed the mod­
ern "functional" type of seat. The 
seat, designed to fit the body quite 
closely, and adjustable to accommo­
date students of varying size, in­
corporates a 18%-degree tilt in both 
desk top and back. The seat auto­
matically tilts forward and back to 
meet . shifts in body position. 

The entire re-modeling j ob has 
brought about a surprising increase 
in light uniformity aJi1d effective­
ness. Moreover, the results were 
achieved without deviating towards 
expensive and custom-built lights 
and equipment and is, tperefore, 
adaptable to the needs of many 
schools both old and new. The same 
essential lighting problems appear 
in many industrial plants and offices 
and may well be solved by follow­
ing similar lines of approach. 

COLOR C H I P  MAN UAL 
Re-Issued, In Larg e  Edition 
for Better Visual Impression 

OF INTEREST to all persons who 
work with color is the publication 
of a Large Chip Edition of the Color 
Harmony Manual by Color Labora­
tories Division, Container Corpora­
tion. In this edition, the individual 
color chips are one-inch square 
plus a tab, providing two and one­
half times more working area than 
the chips in the first, 1942 edition. 
Some advantages of the larger 

working area of the chips are the 
increased speed with which a visual 
impression of a color is gained, and 
the ease with which color matching 
is accomplished. Also, the neces­
sarily · larger charts-ll by 18% 
inches when open- are more ap­
propriate for teaching and for pre­
senting color schemes before groups 
of people. 

The shape of each chip incorpor­
ates a tab on which is printed the 
complete Ostwald notation for that 
color. All chips are removable 
from their positions, which are 
marked accordingly for easy return, 

Manua l inc ludes 1 2  books, 680 ch ips, 
work cha rt, gray-scale halder, and  text 

and the location of any Ostwald no­
tation is evident from a glance at 
the transparent flyleaf which is 
printed with all letter notations. 

. The chips in both editions of the 
Manual are identical in color. Thus, 
the colorimetric specifications for 
the dull sides of all 680 chips apply 
equally well to both editions. 

A new feature of the Large Chip 
Edition is a work chart in which 
the chips may be arranged for study 
in circular or linear series. Also in­
cluded is a 24-page text which ex­
plains the basic Ostwald principles 
of color order in non-technical lan­
guage, and tells how to use them to 
obtain harmony in color. 

SPOT -WELDER 
Adjusts Work Table, 
Controls Electrodes Electronically 

ONE OF the largest of its type 
known in existence today, a new 
multiple-spot-welding machine has 
been placed in operation at a Pull­
man- Standard Car Manufacturing 
Company's plant and is expected to 
increase production in the depart­
ment about 30 times over present 
processes. 

Weighing more . than 90,000 
pounds, the huge machine was 
built by National Electric Welding 
Machines Company after extensive 
study of the operations involved in 
welding "stiffeners" to the interior 
of car sides to give them the sleek 
appearance dictated by today's 
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streamliners. A stiffener is not 
visible, but is a sheet of light-gage 
corrugated metal which is welded 
inside the walls of the car to lend 
strength and smoothness-much on 
the same principle as the corruga­
tions on the interior of a cardboard 
box. 

In operation, a metal table 30 feet 
long and 10 feet wide travels be­
neath a battery of 48 stationary 
welding electrodes. The work to 
be welded is laid flat on the table, 
which has been covered with a cop­
per plate. As the table moves slowly 
beneath the row of spot-welding 
electrodes it is adjusted to stop at 
proper intervals ; the electrodes then 
automatically lower, making con­
tact with the work and securely 
welding the stiffeners to the car 
side. The �lectrodes then lift up 
and the table moves on to the next 
position, where the process is re­
peated. 

A photo- electric cell control 
makes the operation largely auto­
matic. Along one side of the mov­
ing table are drilled two rows of 
small holes about a quarter of an 
inch apart. A beam of light is di­
rected from beneath the table 
through these holes. When the bea� 
strikes the photo-electric cell above 
the holes, the control circuit is com­
pleted which stops the table, lowers 
the electrodes, makes the weld, lifts 
the electrodes, and starts the table 
into operation again. 

By dropping loose rivets into all 
the holes not needed in the opera­
tion, the position of welding is pre­
set. 

ATOMIC POWER 
For Electrical Generators 
Unlikely to Lower Current Costs 

FUEL costs are such a relatively 
small figure in the over-all expense 
of generating electricity that atomic 
power plants would reduce residen­
tial electric bills only slightly, ac­
cording to a recent Westinghouse 
estimate. The cost of carrying the 
power into homes and . industries, 

After four successive 
wash ings, steel 

bolls pass through 
sorter and  are 

directed to g loss 
v ials.  Any one 

bearing i s  assembled 
with balls of 

s im i lar d imens ions 

the investment required for central 
generating stations and distribution 
stations, and equipment mainte ­
nance, far outweigh the fuel bill, it 
was explained. 

BALL·G RADER 
Holds Unusual Tolerances 
To Aid Bearing Uniformity 

PRODUCTION -line precision evidences 
a high stage of development in a 
new machine designed for sorting 
and grading the tiny steel balls 

Placement of light-blocking rivets 
(abave) contrals weld ing  positions. 
Full view of wel d ing  machine (below) 
shaws 1 0- by 30-foot trave l ing  table 
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used in bearings on movie proj ec­
tors-the machine is accurate to 
within .00002 inch. The close meas­
urement is said to be necessary in 
order to effect maximum uniformity 
among all the balls used in any one 
bearing assembly. 

Before being placed in the grad­
ing machine, according to the Bell 
and Howell Company, each group 
of balls undergoes four successive 
cleaning baths, to remove any 
trace of oil or other foreign matter 
which might cause erroneous meas­
urement. After being passed through 
the glass-enclosed grading ma­
chine arid sorted, the balls are 
guided into numbered chutes, the 
ends of which are connected to glass 
vials by means of flexible tubes. 
The various vials are carefully la­
belled, and their contents are kept 
separate, so that only balls of the 
same size are used in assembling 
any one bearing. Following grad­
ing, the balls are re-Iubricated with 
high- grade, acid-free oil, and the 
vials then are sealed and marked 
with the size numbers. 

GLASS F IL  TEIS 
Help Purify Air 
in Penicillin Plant 

I N FIBER form, glass is being em­
ployed to filter bacteria and other 
foreign properties from the air used 
in the pl'oduction of penicillin. 

At the E. R. Squibb and Sons 
penicillin laboratories, a loose, fine­
fiber type of Fiberglas is used since 
it does not pack down under steam 
sterilization. The fibrous glass op� 
erates under pressure. Outside air. 
drawn through intake filters, passes 
through compressor, after-cooler, 
and s eparator, thence through a 
glass filter bed and into the fer­
menter tank. 

The glass fibers used in the peni­
cillin application are only .00028 · 

of an incn in diameter, as com­
pared with the much coarser fibers 
used in warm-air heating systems 
in homes and industries. 
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N ew P rod u cts 
a n d  P rocesses  

BAN D·SAW LU BRICATO R  
Sprays Metered Mist, 
Avoids Messy Work Table 

A N ECONOMICAL, clean method of heat 
dissipation is the description applied 
to a new spray lubricator for attach­
ment on high-speed band saws. Faster 
cutting rates, improved finish, and in­
creased saw life are the results claimed 
for its use. The attachment, for DoAll 
saws, is simple to install and is a 

Saw teeth lubricated at paint of work 

rugged, heavy-duty, fool-proof device 
operating from a standard air-pressure 
line. 

The spray head straddles the saw 
blade from the back and directs twin 
streams of lubricated air against the 
teeth of the saw. Lubricant is thus 
forced in the form of metered mist into 
the saw teeth as they enter the work. 
Use of coolant is regulated by a meter­
ing valve. It is said that the work 
table thus does not get wet or messy. 

The DoAll Spray Lubricator has 
been designed primarily for use in cut­
ting nonferrous metals, but also works 
on many types of plastics and lami­
nated material where friction between 
blade and work softens the material to 
a gummy state. 

H U M I D ITY TESTER 
Simply Made with 
Variable-Color Ink 

SUITABLE for brushing, spraying, or 
printing on paper, cloth, metal, or other 
surfaces, a humidity-sensitive ink dries 
in a few minutes at any temperature 
from 110 to 150 degrees, Fahrenheit. 
At room temperature it dries in about 
an hour if the relative humidity is be­
low 50 percent. 

Called HygroInk, the ink, when dry, 
turns from blue-green to pink as the 
humidity increases. "The color change 
is distinct, definite, and reversible. 

When conditions are suitable for mold. 
mildew, corrosion, rust, and so on, the 
ink mark shows a warning pink. 

As a simple testing device a tab of 
paper marked with the ink may be 
buried in powder, flour, cereals, to­
bacco, and similar products;  or it may 
be used to check the atmospheric 
humidity of work rooms or storage 
areas. 

FLOOR CLEAN ER 
Reduces Slipping Ha zard, 
Impro'ves Cleanliness 

OIL, grease, and water absorbent, a 
product made from an alumina sil i­
cate material is said to be capable of  
absorbing from 120 to 140 percent of  its 
own weight. Used on oily, greasy, or 
wet floors, the absorbent helps elimi­
nate the danger of accidents due to 
slipping, at the same time keeping 
floors clean and reducing fire hazards. 

The granular, absorbent material is 
free of dust, non-abrasive, and "tailor­
made" to give maximum service to the 
user without sacrificing its absorption 
qualities. Weighing up to 30 pounds 
per cubic foot, the manufacturers, Blue 
Mountain Clay Company, Inc., main­
tain it gives a greater coverage per 
pound than ordinary mineral products . 

D IAL COM PARATOR 
A djusts to Position Easily, 
Accommodates Work Clomps 

ANNOUNCED by Standard Gage Com­
pany, a new dial comparator model 
is described as suited to a wide variety 
of uses due to the extensible indicator 
support arm and the tapped holes in 
the platen for securing the work. Any 
dial indicator having a standard lug­
type back may be used . 

By means of a double clamp ar-

Vernier screw fac i l i tates settin g  up 

rangement, the indicator support arm 
may be slid up or down on the vertical 
column, swung to any angle in either 
a horizontal or vertical plane, and 
moved to place the indicator at the 
desired distance from the column. 
Setting is facilitated by a vernier 
screw. A friction washer concealed in 
the swivel prevents the indicator arm 
from dropping unintentionally when 
the clamp is loosened for adjustment. 

Working area of the platen is 6 by 
9 inches. Five tapped holes on either 
side are spaced at 1% inches and will 
receive % inch-20 bolts for securing 
the piece being checked. 

LATHE ATTACH M ENT 
COn'verts Standard Machine for 
Automatic Small-Parts Use 

DESIGNED as an accessory for either 
the Atlas or Logan lathe, a recently 
developed device provides a new means 
of producing small parts automatically, 
and with good accuracy, at very low 
cost. It is claimed by the manufacturer 
th<:lt many small parts, particularly 
those that require only form and cut­
off operations, now being produced on 
the large and expensive automatics, 
can be produced just as rapidly, and 
with equal precision by using this lathe 
attachment, called "Dunamatic." 

The attachment employs face cams 
to control the operation of rocker 

Materia l  feed and closing of co l let 
a re automatic and t imed to operation 

arms which, in turn, control the op ­
eration of forming an cut-off tools 
attached to them. Either circular or 
flat form tools or a combination of 
both may be used, the selection of type 
depending upon size of the production 
run. The rocker arms operate on pivots 
instead of slides, thus eliminating the 
necessity for constant adjustment. A 
means of adjustment is provided, how­
ever, when long usage might make 
simple adjustments necessary. Since 
all the pivot parts are precision ground 
and hardened, adjustment is said to be 
seldom necessary. 

0 

The stock is cam fed through a tube 
by feed fingers, into a collet, automat­
ically, and a moving stock stop deter­
mines the length of the part to be 
either formed or cut off, or both. Clos-

o ing of the collet, which is also an auto­
matic operation, is timed to coincide 
with the start of operation of the work 
tools. 

The attachment is complete and, it 
is said, can be affixed to the lathe with -
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out it being necessary to drill holes or 
in any way harm or deface the latter, 
within one to two hours time. It can 
be removed at will and the lathe re­
stored to normal service. 

Power for operation of the Duna­
matic is taken from the standard lathe 
lead screw and transmitted, by means 
of a roller chain and steel sprockets, 
through a steel worm and bronze worm 
gear, providing efficient and, at the 
same time, quiet operation. 

CON ICAL CANS 
Nest for Compact 
Shipment or Storage 

FIVE TIMES the number of nesting, 
conical tin cans can be packed for ship­
ment, storage, or handling in the same 
space as required for ordinary cylin­
drical cans, according to the manu­
facturer of a new can with slightly 
tapered sides. Other features of the 
can are that near the bottom the wall 
is swaged, providing a shelf around the 
entire inside on which the can above 
rests, preventing jamming or sticking. 

Forty eight of the coned cans nested 
one in another form a stack about 42 
inches high. This makes possible me­
chanical wrapping of 48 cans in one 
small package, and loading them 
quickly and economically. In this com­
pact form of package, it is said that 
the cans are much better protected 
from denting or injury in transportation 
and storage. The cans were developed 
by The Francis Company. 

RECORDING D I LATOMETER 
Operates on 1 2-Hour Cycle, 
Eliminates Plotting Instant Values 

FOR CONTINUOUS recording of the 
thermal expansion and contraction of a 
wide range of materials including met­
als, glass, ceramics, and plastics, an im­
proved automatic dilatometer has 

Measures heat reactions a utomatica l ly  

been developed. Graphic recordings 
of the 12-hour expansion and contrac­
tion cycles of samples are provided 
with a high degree of both sensitivity 
and accuracy, and operation does not 
require supervision of a laboratory as­
sistant. Thus both time and labor re­
quired for specimen study are reduced. 

i 

Ingenious New 
Technical Methods 

To Help You with Your 
Reconversion Problems 

New Micro Square Instantly Checks 
Right Angles to One lO,OOOth Inch l 
Ideal for precis ion testi ng, the Aero Micro-Sine Square 
quickly and accurately checks right angle work to 
1/ 1 0,OOOth inch within a given distance. Its standard 
indicator dial instantly registers error, location of 
error, and amount of correction required. Designed 
for tool and die shops, machine shops and testing 
laboratories, it also provides a standardJor checking 
master squares, tri-squares and tools. 

The Aero Micro-Sine Square is  very simple to operate, 
saves hours of time. Made of hardened tool steel, in 
ground and lapped precision construction. Available 
in two types: ( 1 ) Standard precision gauge in tenths, 
(2 ) Lever indicator in thousandths. Both complete 

with master checking blocks and carrying cases. 

On precision jobs, requiring a static position and men­
tal alertness, workers undergo nervous tension which 
often results in fatigue. Tests have shown that the 
act of chewing helps relieve tension-helps workers 
stay alert, thus increasing their efficiency to do more 
accurate work. For this reason, many plant owners 
urge workers to chew Wrigley's Spearmint Gum on 
this type of job. 

Standard Indicator Dial 

You ran get complete information from A cro Tool and Die Work..-I 4554 Broadway, Chicago 40, Illinois 

I ____ · _ _ �--,.--------

AA-8 8 

Measurements begun during the after­
noon of one day may be automatically 
completed overnight. Except for set-up 
time, the laboratory assistant is free 
for other work during the 12-hour re­
cording cycle. 

In addition to eliminating the tedious 
plotting of instant values by older 
methods, the recording instrument per­
mits determination of true variations in 
length even when samples exhibit ex­
ceptions to the rule of elongation as a 
function of temperature. This makes 
the equipment particularly useful in 
connection with the laboratory study 
of ferrous alloys at thermal critical 
points_ 
. The improved instrument is fully en­
closed in an attractive steel cabinet 
permitting ready access for set-up of 
specimens. Recording meter and other 

instruments are flush-mounted, per­
mitting visual indication of operating 
temperatures and the progress of ther­
mal expansion cUrves plotting elonga­
tion against temperature. 

The dilatometer . includes a furnace 
or sub-zero cooling chamber; furnace 
thermocouple; concentric quartz tube; 
specimen thermocouple; gearbox and 
support; transmission; contact mecha­
nism; electronic relay; and recorder .. 
Each one of these principal units per­
forms a separate function but all func­
tions are closely coordinated to hold 
specimen temperature uniform within 
1 degree, Centigrade, and to provide 
uniform heating and cooling with the 
specimen in an inert atmosphere, auto­
matic shut-off, and an overall ac­
curacy of 0.2 percent. 

Accommodating three- ,  four-, or 
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five-inch specimens, the dilatometer 
will allow temperatures up to 1000 
degrees, Centigrade ; weighs 450 pounds ; 
and measures 56 inches wide, 50 inches 
high, and 26 inches deep. It is designed 
for use on 110-120 volt, 50-60 cycle 
supply, and is rated at 900-1000 watts . 
The manufacturer is the Electronics Di­
vision, Sylvania Electric Products, Inc. 

DISK INSPECTION 
Facilitated b y  Reflection 
of Ruled Grid Lines 

I N A recording-disk base, dimples ' or 
deviations from true flatness are de­
fects that might ruin a priceless re-

I m perfect d isk ( left ) and flat disk 
(r igh t )  are quickly spotted by l ines 

cording or transcription. This is be­
cause an instantaneous recording disk 
must be perfectly flat. A dent or dimple 
in the base before it is lacquer-coated 
to form a recording blank may cause 
a "skip" or other imperfection 'in the 
sound track of the finished recording. 

In the past, accurate tests for disk 
flatness have been difficult. Eye scru­
tiny of the . bases is inaccurate and 
time-consuming. Mechanical tests are 
out of the question, because any in­
strument that touches the disk's sur­
face is practically certain to create 
its own blemish. 

Audio Devices, Inc., manufacturers of 
recording disks, has recently initiated 
the use of a ruled board by which the 
bases mirror their own defects. Em­
ploying this so-called "mirrorgraph," 
the inspector is able instantly to detect 
flaws in the bases, thereby forestalling 
many of the difficulties formerly en­
countered by recording engineers. 

STOPCOCK LUBRICANTS 
Removed by Use of 
Naphthalene Solvent 

T HE many advantages to be gained 
through use of silicone stopcock grease 
and silicone high vacuum grease, made 
by Dow Corning Corporation, have 
been reluctantly given up by some 
micro-analytical laboratories because 
of the difficulty encountered in remov­
ing the non-wetting film formed on 
laboratory equipment by these lubri­
cants. The best cleaning methods pre­
viously developed involved use of 
caustic solutions which had to be care­
fully watched to avoid etching the 
glass. Recently, however, a hydrocar­
bon solvent has been found which 
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quickly and efficiently removes silicone 
films from laboratory glassware. 

It is reported by G. Constabaris of 
the Department of Chemistry of the 
University of British Columbia that the 
stopcock grease can easily be removed 
from laboratory glassware by decahy­
dronaphthalene, also known as decalin 
or naphthalene. The effectiveness of 
this solvent has been verified in the 
laboratories of Dow Corning Corpora­
tion. 

The recommended procedure consists 
of filling the apparatus with warm de­
cahydronaphthalene (decalin) and al­
lowing it to stand for two hours or 
more if necessary, subsequent draining 
and rinsing once or twice with acetone, 
and drying with a stream of filtered 
air. It is noted that the decahydro­
naphthalene can be re-used several 
times before it becomes ineffective. 

In using the lubricants, only a very 
thin film is necessary to provide effec­
tive lubrication, and judicious use of 
the greases and frequent cleaning 
should prevent surface contamination. 

BACTERICIDAL LAM P 
Stops Refrigerator Odors, 
Occupies Little Space 

A MIDGET ultra-violet lamp, the size 
of an automobile headlight bulb, has 
been developed as a bactericidal unit 
to be screwed into I!. niche of a re­
frigerator cabinet's interior. The new 
lamp simultaneously pours forth a 
barrage of bacteria-killing rays and 
produces ozone in the cabinet's air. It 
is recommended for both high humidity 
and low humidity types of mechanical 
refrigerators, according to the West­
inghouse Sterilamp-Tenderay Depart­
ment. 

Advantages of the bactericidal radia­
tion are said to be odorless refrigera­
tors, improved sanitation, longer pres­
ervation of food in its original stored 
state, and checking of the growth of 
mold and bacteria on food. The ozone, 
it was explained, diffuses rapidly 

Lamp provides ozone, u l tra-vio let  rays 

throughout the entire cabinet, purify­
ing the food vapors by breaking down 
the vapor molecules. The ultra-violet 
destroys air-borne bacteria, viruses, 
mold, and food odors within the range 
of its radiation. 

Burning only when the refrigerator 
compressor is operating, the three-

and-one-hal£-watt miniature Sterilamp 
compresses a specially-designed tungs­
ten filament, lead wires, and stem as­
sembly into a walnut-size interior. 
The transformer required to step down 
the household electric voltage to the 
12-volt lamp consumes only three and 
one-half watts. At least a year's life is 
assured for the lamp because its fila­
ment glows only for three seconds, in­
sufficient to attain incandescence, each 
time the lamp burns. The filament 
serves as a starter for the arc which, 
when struck in a mercury atmosphere, 
produces the ultra-violet radiation. 

A I R  D R I LL 
Gives Heavy-Duty Service 
Without Heavy Weight 

AN AIR-powered, half-inch drill is de­
scribed as built to the specifications 
demanded for heavy-duty, continuous-

Auxi l i a ry hand le  sh ifts to any ang le  

production jobs requiring tool stamina 
and accuracy, yet is said to be 40 per­
cent lighter in weight than ordinary 
drills of the same capacity. It is claimed 
that ample power is provided for stall­
proof operation on most jobs of drill­
ing, reaming, and countersinking. 

The drill, made by Aro Equipment 
Corporation, is equipped with an aux­
iliary handle that can be located in 
any position around the nose of the 
tool. The handle threads into a shoe 
located in a ring on the nose housing. 
To locate the handle in a new position, 
the operator loosens the handle with a 
1/1;1 counter-clockwise turn, moves it 
to the desired position, then locks the 
handle by a 1fs clockwise turn. This 
feature saves time and increases the 
versatility of the tool. 

A safety-throttle trigger allows start-

Editoriol p u rpose of Scientific America n 
is to provide its readers with thoug ht. 
provoking feoture . a rticles a n d  shorter 
items o n  a l l  ph ases of industrial  tech· 
nology. In every case the material  is 
d rown d irectly from industry itself. 
The Editor will be glod to refer in­
terested readers to or iginal  sou rces 
and, when ava ilable, to additional 
l iteratu re g iving further detai ls  of 
a more specialized nature. 
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ing and stopping the tool with a mInI­
mum of effort, and controls the opera­
tion. Other features include heavy-duty 
ball bearings; rotors, cylinders, and 
gears made of alloy steels ground to 
preCISIOn tolerances ;  and a built-in 
automatic oiler. Drill speed is 1000 
revolutions per minute, weight 6% 
pounds, overall length, 8% inches. 

S PEED CHUCK 
Opens a n d  Closes 
Without Stopping Spindle 

A NEW, inexpensive high-speed 
chuck, intended to increase production 
and lower cost on short-run opera� 
tions, is designed so that it can be 
opened and closed by slight movement 
of a handle without stopping the motor 
or spindle. If desirable to stop the 
spindle during operation, the handle 
can be used as a positive and efficient 
brake for instant stoppage. 

The chuck, known as the "Standard­
Hampton Speed Chuck," will compen­
sate for spindle run-out and in most 
instances will allow close-tolerance 
chucking on any type lathe. Adaptable 
to fast, feed-through operations, the 
machine will permit chucking to full 
spindle capacity up to one inch. 

For facing, threading, centering, drill­
ing, or any turning . operation, an ad­
justable spacer or stop accessory may 
be installed and used as an inherent 

Adaptable to feed-through operati ons 

part of the chuck. The j aws can be 
adjusted for close tolerance concentric 
or eccentric turning operations, and 
will hold any size or shape of bar 
stock within its minimum and maxi­
mum range, according to the manufac­
turers, Standard Tool and Gage Com­
pany, a subsidiary of Jack and Heintz 
Precision Industries, Inc. 

PRE-FABRICATED RAFTERS 
Eliminate Load-Bearing 
Partitions, Save Lumber 

A NEW type trussed rafter that saves 
up to 400 feet of lumber

· 
in a two­

bedroom house is now being used in 
a number of houses under construc-

tion, and has only four basic members 
plus two scabs. There are no right or 
left-hand members. 

The rafters can be fabricated at job 
site or in a shop with a minimum of 
equipment consisting of a cut-off saw 
and a portable _or stationary drill and 
four simple patterns. Experienced labor 
is said to be unnecessary. 

According to the developers, the 
Timber Engineering Company, there 
is no complicated notching and 
no spiking-which eliminates possible 
splitting. Ring grooves and bolt holes 
are cut in one operation and produc­
tion-line methods can be employed. 
The method is adaptable to both single 
and multiple housing units. 

Lumber savings are reported to be 

accomplished by eliminating heavy 
bearing partitions and using non­
bearing partitions such as light studs. 
Also there is less waste by pre-cutting 
and the ridge board is eliminated. 

The rafters, pre-assembled on the 
ground, are erected as a unit, thus 
giving faster erection and affording in­
teriors quicker protection from weather. 
A movable j ig table speeds assembly 
so that rafters for one four-room house 
can be assembled by two men in an 
hour. 

With standardized exterior walls, 
roof, and ceiling it is pointed out that 
any interior layout can be developed. 
The designer does not have to build 
rooms around bearing partitions as the 
partitions can be placed anywhere 

S E N S ATIO NAL WAR B AR G AIN S 
L E N S E S  a n d  P R I S M S  • 

. n  
NOW! MAKE YOU R OWN 

BI NOCU LARS! 

TO KEEP POSTED o n  all our new 
Optical Items, send 10¢ and your name 
and address to get on our regular 
"Flash" mailing list. 

Complete Set of LEN SES 

and P R I SMS from 

Navy's 7X, 50 Model 

CARRYING CASE WITH Sl'RAPS FOR 7X, 
50 BINOCULARS.-Brand new-a regular 
$11 .00 value. 
Stock # 44-5 (Price Includes tax) 

$4.80 Postpaid 
BAl'l'ERY COMMANDER' S l'ELESCOPE, 
MODEL BC-65-Complete with Tripods . . .  
10 power. New, in perfect operating con­
dition. A Binocular type instrument. Gov­
ernment cost approx, $1300,00 each. 

SAVE up to $ 1 50 !  
Stock # 900- S . . . . . . . . . . . . .  $245.00 Postpaid 
NEW PROJECl' BOOK - HOMEBUILT 
RIFLE SCOPES . . . 30¢ Postpaid. List of 
available Riflescope Lenses sent FREE with 
book. 

Here ' s  an unusual opportunity to s�cure a fine set of 
Binocula:r;s ' at a tremendous saving of money. Build them yourself with all ot the very same optics contained In the 
Navy ' s  7 Power Glasses. Or you can construct a MonoCUlar (% a Binocular) in which case exactly one half quantities 
of - the Binocular Components will be furnished. All Lenses 
and Prisms are in excellent condition. Lenses are 
cemented and have the new low reflection coating. Complete 
assembly directions included for either project. 

SECONDS IN PLANO-CONVEX CONDEN­
SING LENSES-Diam. 4-7/16",  F.L. 6 %,' . 
Stock # 1068- S  . . . . . . . . . . .  70¢ each postpaid 

RAW OPTICAL GLASS-An e""eptional 
opportunity to secure a large varIety of 
Optical Pieces both Crown and Flint Glass 
(seconds) in varying stages of processing. 

Many prism blanks. 
Stock No. 703- S--8 lbs. (min. wt.)  

Stock # 5102-S-Binocular Set of Lenses & Prisms . 
$25.00 Postpaid 

$5.00 Postpa.id 
Stock No. 702- S-11':. Ibs. . . $1 . 0 0  Postpaid 
POLARIZING RING SIGHT (Something 
New in Optics)-utilizes the interference 
pattern created by a basal section of 
calcite or sodium nitrate crystal between 
crossed polarizers. Diam. 32 mms.-Thick­
ness 7 mms. 

Stock # 5103- 8-Monocular set of Lenses & Prisms. 
$12.50 Postpaid 

UNMACHINED LEFl' AND RIGHT BODY AND COVER 
PLATE CASTINGS. 
Stock # 820 - S  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  $2.50 Postpaid 

"OUR ADVERTISING SPECIAL"-15 Lenses plus 
IO-page - Idea Booklet. Make your own telesaope, 
microscope,; magnifier, drawing projector, Koda­
chrome Viewer ; use for experimental o-ptics, copy­
ing, ultra close-up shots, etc. Many uses. 
Stock # I-S . . . . . . . . . . . . . . . . . . . . . . . .  $1.60 Postpaid 

NEW 50-PAGE IDEA BOOK, "FUN WITH 
CHIPPED EDGE LENSE S"�Gontains wide variety 
of projects and fully covers the fascinating uses of all Lenses In set listed above-only $1.00 Postpaid 

ALL THE LENSE S  YOU NEED TO MAKE 

YOUR OWN TELESCOPE ! 

All Are Achromatic' Lenses 

GALILEAN l'YPE-Simplest to make but has 
narrow Field of View. 

Stock # 5018-8-4 Power l'elescope . .  $1.25 Postpaid 

stock # 5004- S-
Small 2 Power Pocket Scope . . . . . . .  $1.00 Postpaid 

PRISM TELESCOPES-Uses Prism instead of 
Lenses to Erect Image. Have Wide field of view. 
Stock # 5012-S-20 Power Telescope . .  $ 7 . 25 Postpaid 

35 MM. KODACHROME PRo.JECl'ING LENS SET 
-Consists of 2 Achromatic Lenses for projecting, 
plus 2 Condensing LeMes and piece of Heat Absorb­
ing Glass with directions. 
Stock No. 4029-5 . . . . . . . . . . . . . . . .  $3.10 Postpaid 

SPECTROSCOPE SETS . . . These sets contain all 
Lenses and Prisms you need to make a Spectro­
scope plus FREE 15-page Instruction Booklet. 
Stock No. 1500-8-Hand Type . . . .  _ . . . $3.45 Postpaid 

Stock No. 1501-8-Laboratory Type . . .  $6.50 postpaid 

ACHROMATIC l'ELESOOPE OBJECl'IVE LENSES 
-Cemented - Diam. 52 mm., F.L. 8�2 inches. 
Slight seconds. 

-

stock # 6188-5 . . . . . . . . . . . . . . . . . . . . . . .  $3.50 Postpaid 

MAGNIFIER SET-5 Magnifying Lenses . .  " Powers 
from 1 to· 10. Various diam. for many uses. Free 
Booklet on Home-made magnifiers included. 
Stock # 1026-S . . . . . . . . . . . . . . . . . . . . . . .  $2.00 postpaid 

Stock # 2067 - S  . . . . . . . . . . . . . . .  $2.00 Postpaid 

ACH ROMATIC LENSES 
Dia. F.L. 

Stock No. in. mms. in. mms. Price 

6158-S' 18 80 $1.00 
6162 - S  2 5  122 1.25 
6164-S' 26 104 .80 
6166-S 29 54 1.25 
6168-5 29 7 6  1.25 
6171-5 32 171 1.00 
6173-S' 34 65 1.00 
6176-S* 38 131 1.00 
617 7 - S '  39 63 1 .10 
6178-S' 45 189 1.50 
6179-S' 46 78 1.25 
6182-S 27 5 1  1 . 2 5  
6183-5 44 189 2.50 

*ASTERISKED ITEMS are uncemented, but FREE 
cement and Directions included with uncemented 
sets. USES :-Use these Lenses for making Project­
ing Lenses. Low Power Microscope Objectives. cor­
rected Magnifiers, substitute enlarging Lenses, Eye­
Piece Lenses, Macro�photography. Gadgets, Optical 
Instruments, etc . ,  etc. 

l'ANK PRISMS-Plain or Silvered. 90-45-45 deg. 
5%" long, 2 ��" wide, finely ground and polished. 

Stock # 3004- S-SiJvered Prism (Perfect) 
$2.00 Postpaid 

Stock # 3005- S-Plain Prism (Perfect) 
$2.00 Post,paid 

Stock # 3100- S-Silvered Prism (Second) 
$1.00 Postpaid 

Stock # 3101-S-Plain Prism ( Seconds) > 
$ � . OO Postpaid 

(Illustrated Book on Prisms Included FREE) 

WE HAVE LIl'ERALLY MILLIONS OF WAR 

SURPLUS LENSES AND PRISMS FOR SALE AT 

BARGAIN PRICE S. WRIl'E FOR CATALOG 

"s" - SENl' FRE E !  

Order by StQck No.  - Satisfaction Guara n teed - I m mediate Del ivery 
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All Serious-Minded Production Men 
SHOULD HAVE THIS FREE BOOKLET ! 

FORGING AHEAD IN BUSINESS 
contains' a message of particular im­
portance to production men. This is 
your opportunity to obtain a copy of 
this famous book, which has been de· 
scribed as a "turning point in the 
l ives of l iterally 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
.:essful experience in training men for 
leadership in business and industry. 

It  demonstrates the method which 
the Alexander Hamilton Institute uses 
to give you immediate help in your 
present position, while preparing you 
for post·war opportunities. Subjects 
directly related to the work you are 
doing now, PLUS other subjects of 
fundamental value to the business 
executive, are discussed in the book and 
placed in significant relation to one 
another. Thus, a helpful, over·all pic· 
rure is provided. 

Said one man who had sent for 
"Forging Ahead in Business" : 

"In thirty m inutes this little book 
gave me a clearer picture of my 
business future than I've ever had 
before." 

• • and that represents the opinion of 

the Institute's 400,000 subscribers, in­
cluding 1 3 4,000 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 post-war schedules. 

Among the prominent industrialists 
who assisted in the preparation pf the 
Course, which is described in "FORG­
ING AHEAD IN BUSINESS" are : 
Alfred P. Sloan, J r., Chairman of the 
Board, General Motors Corp. ; Thomas 
J.  Watson, President, International 
Business Machine s  Corp., and Frederick 
W. Pickard, Vice President and Direc­
tor, E. I. du Pont de Nemours & Co. 

Send for 

"FORG ING  AH EAD I N  B U S I N ESS" 

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 j ob.  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 coupon below . 

- - - - - - - - - - - - - - - - - � - - - - - - - - - - - - - - - - - -

ALEXA N D E R  
H A M I L T O N 
I N S T I T U T E  

Alexander Hamilton Institute 

Dept. 3 5 ,  71 West 23rd Street, New York 10, N. Y. 
In Canada, 5 4  Wellington St., West, Toronto 1 ,  Ont. 

Please mail . me, without cost, a copy of the 64-page 

book-"FORGING AHEAD IN BUSINESS." 

Name , 

Firm Name 

Business Address 
Position . 

Home Address 

without regard to ceiling framing. This 
flexibility makes it possible to provide 
three to six-room houses with the 
economy of standardized structural 
frame work. Here, prefabricated storage 
wall units will increase storage space 
in small homes without the expense of 
on-the-job framing of closets. The 
storage units form partitions but are 
moved into place after plastering. 

TOOL ABRASION 
Stopped with 
Hard-Metal Inserts 

A SOLUTION to the problem of secur­
ing satisfactory life of hand tools used 
under highly abrasive conditions can 
sometimes be found in the use of Car­
boloy inserts. An example of such 

application is -the bra21ing of two in ­
serts to pliers used for gripping parts 
applied to a revolving abrasive brush. 
It is claimed that two months of con­
tinuous service caused no appreciable 
amount of wear on the hard inserts 
in the plier jaws, whereas plier jaws 
made from conventional materials 
would stand up for only four hours 
on the same job. 

PORTABLE WELDER 
Uses Standard Current, 
Handles Most Light Jobs 

R ECOMMENDED especially for light­
duty welding and general maintenance, 
a small, portable electric welder op­
erates on llO-volt, alternating current. 
The manufacturer describes the welder. 
called Zipper-Et, as able to handle all 
maintenance and repair work that does 
not require the heavy-duty, industrial­
type welders of high amperage. 

The welder, complete with all ac­
cessories, is self-contained and has a 

For general maintenance appl ications 
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total weight of approximately 40 
pounds. A heavy-gage metal case with 
carrying handle provides portability. 
Also within the case is a transformer 
which is burn-out-proofed, with spun­
glass insulation. It has a separate pri­
mary winding .and a separate second­
ary winding, without any electrical 
connection between them. The manu­
facturer offers this point as an ad­
vantage over other welders which re­
quire a polarized-type plug and special 
care in welding grounded objects such 
as water pipes, radiators, and so on. 

The accessories described include 
long cables with insulated taper plugs 
and sockets ; a separate electrode holder 
and rugged ground clamp; aluminum, 
brazing, and steel welding rods; to­
gether with starting carbon and com­
plete instructions. Also included as 
standard equipment is an arc torch 
which provides an electric flame, and 
an approved full-size helmet. 

The Zipper-Et will accommodate five 
sizes of welding rod, from 1/32 through 
and including 3/32 inches, and will 
handle � inch carbons in the arc torch. 

HAN D LAM P  
Throws Spot or Beam, 
Fixes to Cars or Boats 

PORTABLE and weather-proof, a new 
electrical hand lamp has a single focus 
adjustment whereby it will deliver a 
spread or spot light-the latter a bril­
liant 1500-foot beam. Powered by two 
standard drycells with pressure type 
connections, the unit weighs approxi­
mately five pounds. 

A special feature is that the lamp may 
be set down anywhere or clamped in a 

Uses two d ry ce l ls, weighs five pounds 

special hold-down fixture accessory 
for automobile trunks or prows of 
boats. In addition to sportsmen, motor­
ists, and other personal users, indus­
trial, commercial, utility, and emer­
gency organizations are expected to 
find the Big Beqm light convenient. 
The maker is the U-C Lite Manufac­
turing Company. 

DECIMAL CHART 
For Draftsman's Reference, 
Fits on Drafting Machine 

I NTENDED for attachment to standard 
types of drafting machines, an etched­
aluminum chart of decimal equivalents 

Errors made in dec ima l  conversion are 
reduced by th is  easi ly  attached sca l e  

is a new convenience for engineering 
workers. 

The chart proper is three by five 
inches, has large legible lettering, and 
is protected by a durable Alumilite 
finish. Edges are formed to snap over 
the two parallel tubular support bars 
on some drafting machines, and garter 
spring attachment is provided for the 
single center bar machines. 

When mounted on the machine, next 
to the protractor head, the chart is in 
position for constant ready reference. 
Less fatigue for the draftsman, reduced 
chance for error in decimal conversions, 
and a higher work output are among 
the advantages in the use of this chart. 

TI LE AND BRICK SAW 
Eliminates Dust Hazard, 
Can be Carried to Work Site 

A PORTABLE, dustless masonry saw for 
accurately cutting tile, brick, and con­
crete block on the job is described as 
bridging the gap between wood cuttin5 
and metal cutting. Built with a self­
contained water supply system, the new 
masonry saw is said to gear tile and 
brick cutting to keep pace with brick­
layers on the walL Stair rakes, jambs, 
fountain niches, trim, and outlets are 
all handled and construction for heat­
annealing ovens, sanitary dairy plant 
rooms, and similar jobs is speeded up. 

The Champion saw, made / by the 
Champion Manufacturing Company, 
combines many features which con­
tractors, faced with such problems, 
required in high speed construction. 
Portability makes possible cutting tile, 
brick, glazed tile, and firebrick at the 
spot it is being used. This has been 
gained by mounting the saw, cutting 
platform, belts, and motor on a stand 
with removable legs, similar to an 
ironing board, which makes it easy to 
pull it through windows, inside kilns, 
and so on. Weight is held down through 
use of a new type electric motor of · two 
horsepower weighing but 72 pounds. 

To counteract the clouds of choking 
dust created by some saws, the new 
saw incorporates a sel£·contained water 
system, and a circulating pump belt-. 
driven from the motor, which through 
a concealed nozzle sprays a fine mist 
over the cutting surface, both prevent-
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Now We Ar� Three ! 

C H R O L U M I N U M 
D U O LUX  

R H O D IUM  
All are first-surface mirrors, 

but each has its special use. 

CHROLUMINUM is perma­
nently brilliant. 
DUOLUX is accurately semi­
reflecting. 
RHODIUM 1S the rugged 

new-comer. It is as surface­

hard as most steels, and can­

not be tarnished nor corroded 

under any known conditions 

of use ! 

W rite for folder of 

information and prices. 

HIGH-VACUUM 
CHAMBERS ARE USED 
IN THE PROD UCTION 

OF O UR MIRRORS. 

1 8 1 



THE BINAR.Y SLIDE RULE 

equals a 20 Inch 
straight Slide Rule in 
precision. Has 0, GI, 
tt3�Llt:

g'B1��, Ifld 
and Subtract Scales. 
Gives Trig. Functions 
from 0 to 9() degrees 
and reads to 1 Minute. 
The Engine ... divided 
Scales are on white 
eolP'.led metal. Per­
manently accurate. Dia. 8%,". Large figures a.nd 

eyestrain. . Exceptional va��:d���O��llit:,
lim

J�6�� 
with Case and Instructions, $5.80. Circulars free, 
Your money back if. you are not entirely satisfied. 

Gilson Slide Rule Co., Stuart, Fla. 
Slide Rule Makers sinc'e 1915. 

FOR SALE : ONE 1 0V2" DIAM. X 1 % "  
OPTICAL FLAT, FUZED QUARTZ 
WITH NATIONAL BUREAU OF 
STANDARDS CERTIFICATE. SURFACE 
NEW AND BETTER THAN .00000 1"  
FLAT. M A K E  OFFER. 

HARRY ZERBO 
1 74 1 4  Stout Detroit 19, Mich. 

ARMY A UCTION BARGAINS  
Shot gun nipples . . . . . . . . . . .  . . . . . .25 each 
Revolver nipples • . • . . . • . • . • . . . . . . .50 , .  
Krag gun Sling, used . . . . • . • . . .  .30 " 
Krag rear sight, new • • • • . • . • • • • •  1.00 I t  

Flint pistol barrel . . . . . . . • . . . . . .  .35 ,. 
Gossack pistol holster . . . . . . . . . . .40 u 

Cadet Cart. box . . . . . . . . .  . . . . . . . .30 ,. 

�6J
c
��g�� il�o�. is���1:1 �r:;�ra

e
r f��4�¢ 

c
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FRAN C I S  BAN N E RMAN SONS 
501 Broadway 1 2, N. Y. 

EXPERIMENTERS!!! 
SCHMIDT MIRRORS 

a'nd CORRECTI N G  P LATES 3 ]or 
Gov't surplus at a few cents 
on the dollar. 67 mm dia. 
Beautifully silvered. Satisfac-­
tion guaran�eed. 

$1.98 
Postpaid 

E lmira N. Y. DUMAUR I E R  CO., Dept. 1 6 1 0, 

For Scientific and Technical Books 
Try our Book Department 

SCIENTIFIC AMERICAN 

Eclsy to Plate CHROMIUM 
GOLD, SILVER, NICKEL, COPPER 

• • •  1'or Plea.ure and Profit! 
If r,ou have a workshop-at home 
������:;ra��r �A�

d
t��t:t�i� of an electrIfied bruSh, . you can 

electroplate models and ?rojects..­
you can replate worn artlCles, fau­
cets, tools, fixtures, silverware, etc. 
wltl). a durable, sparkling coat of 
metal • • •  Gold, Silver, Chromium. 
Nickel, CopperorCadmium . .l'vlethod 
is easYf simple, quick. Everything furnisllcd-equipment complete, 
ready for use. By doino a bit of work {?Jel7�:ht�o�r :::e�f�i� ��lea�tg� 
shop complete by gf;tting a Warner 
���Cj6�p�1t�Erig�k�Wtl'a��n1tl�� 
trated literature. ACT AT ONCE I WARNER ELECTRIC co .• DEP1. K-41 

I 1512 ..Jarvis Avenue, Chicago 26. III. 

WARNER ELECtRIC co.. 1512 �arvi. Ave .. Chicago : Gentlemen; Send Free Sample and Details to :  I 
I Name I : Addres.. : 
I City ----Zane.---State ____ I 
. _ - - - --- - - - - - - - - - - - - - - - - - _ .  
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ing dust and cooling the circular blade. 
The olade itself is provided in several 
degrees of hardness for various brick 
and tile products, including a diamond 
blade for cutting fine aggregates. 

Another feature is reduction of opera­
tor fatigue. Whereas some masonry 
saws require the operator to push the 
tile being cut back and forth for a 
light, distributed cut, this saw is de­
signed with a conveyor cart, which is 
pushed through with steady pressure. 
A spring oscillator on the blade mount­
ing alternately applies and relaxes the 
cutting pressure. Thus only one opera­
tion is necessary after the saw is set 
and running. The oscillating action 
also eliffiinates the need for a foot 
pedal to apply pressure to the work, 
and the operator may stand any way 
desired and concentration of the water 
spray is splatter-proof. 

Blades, chisels, marking pencils, 
hammers, and other pertinent tools are 
kept in a cabinet under the carriage 
of the saw. 

D E-BURRING 
Accomplished More Conyeniently 
With Permanent Set·Up 

FOil USE in de-burring the stray edges 
around holes, Nobur Tools are gen­
erally used in the spindle of a drill 
press or a lathe. Recently, however, it 
was reported that an obsolete tool 
grinder base offers the advantage of a 

tool -gr inder  base rebu i l t  
fo r  use  w i th  standard de-burring tools 

special de-burring machine always 
available for immediate use. This ar­
rangement, in use at the Chain Belt 
Company, is claimed to have resulted 
in an increase in production and a sub­
stantial reduction in labor cost Lor de­
burring operations. 

TEM PERATU RE CONTROL 
Provides Visual Check 
of Proper Functioning 

A· SIGNAL light, either red or white, 
glows brilliantly on a new mercury 
temperature regulator while tempera­
ture is rising, and shuts off when .the 
setting temperature is reached. The 
glowing signal light can be seen at a 
distance, hence permits the operator to 
perform other duties and still deter­
mine at a glance when the temperature 
in a bath or oven has reached the de­
sired temperature and when the regu­
lator is operating properly. 

Controls oven temperatures accu rately 

Called the NIercuroplat Thermo­
regulator, the unit is intended for ac­
curate control of temperatures in wa­
ter, oil, or air baths; ovens ; and so on 
at any temperature within the setting 
range from minus 30 to plus 500 de­
grees, Fahrenheit. It has a sensitivity 
of plus or minus 0.02 degrees, Fahren­
heit, or better. 

The Thermoregulator is available in 
6, 8, or 12 inch lengths, . and its fea­
tures include a machined plastics head 
whose design provides full visibility 
for setting, a convenient means for 
mounting, and an appropriate mounting 
for the signal light. 

Contributing to accuracy and long 
life, is the distilling and filling method 
by which the mercury is distilled di­
rectly into the regulator without being 
exposed at any time to atmospheric air, 
thus providing higher purity of mer­
cury. The Mercuroplat Thermoregulator 
is made by the Washington Glass Lab­
oratory and Instrument Company. 

ALU M I N U M  TOYS 
Feature Lightness, 
Durability, Ball Bearings 

E XPANDING applications of aluminum 
fabrication are exemplified in a new 
line of all-aluminum bicycles, scooters, 
and other playthings. Of these, perhaps 
the greatest interest surrounds the 
cycle, called the Park-Cycle. Its total 
weight is only 19 pounds, or about 
half the weight of similar cycles fabri­
cated of conventional materials. The 
aluminum used in the frame will not 
rust and is finished with baked enamel 
in several available colors. Other fea­
tures of the cycle include wheels of 

Total weight 1 9  poun ds; wi l l  not  rust 
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I N V E N T O B S' 
Patent laws favor the inventor who acts 
promptly. We are Registered Patent At­
torneys fully qualified to represent you at 
the Patent omce. Remember, the details of 
your Invention do not have to be 100% 
perfect before you C?Jl obtain patent. First 
step is to have us conduct search of the 
prior U. S. patents �and render a report as 
to Its patentability. Our Search Report Is 
very valuable to you in that it clears up 
the course you should take in regard to 
your invention. Send at once for further 
particulars on how to protect your invention 
and HInvention Record" form. Request does 
not obligate you. 

McMorrow, Berman " Davidson 
Registered Patent Attorneys 

1 7S-M Victor Building', Washington 1, D. C. 

MINIATURE 
ENGINES 

Gasoline-Steam 
Air-Locomotive 

THE WORLD'S MOST FASCINATING HOBBY 
Build fltem yoursell - III your OWII sltop 

Witlt your OWII fools 

• ���;���J.�� 
When you write to advertisers 
• The Editor will appreciate it 

you will mention that you saw 
it in 

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

GE A R S  
In Stock-lmmedlate Delivery 

Oeare. ,peed reduoer •• t"roe1reu. tbrutt 
���'l:t':;,�::·i�!:::i�3��

n
:�;cIN:::o::!':' 

Can allo Qllotenn speciAl ee"f'tnf anr IdDd. Bond Ua your blue prints and inqUlriei. 

Write for Catalog No, 20 
CHICAGO GEAR WORKS 

15,000 1077 
FORMU LAS PAG ES 

H OPKINS' 

"CYCLOPEDIA 

OF FORMU LAS" 

Thousands of copies of this ac­

knowledged leader among books of 

formulas are being used daily, 

$6.00 postpaid (Domestic) 

$6.50 postpaid ( Foreign) 

Order From 

SCIENTIFIC AMERICAN 
24 West 40th Street, New York 1 8, 

N, Y. 

the contained ball-bearing type with 
semi-pneumatic tires, a Goodyear V­
belt drive provided with a guard, front 
and rear fenders, and a kick-stand. 

Also featured by a division of the 
Reynolds Metals Company are all-alu­
minum scooters and wagons. Still un­
dergoing final tests, it is reported, ' is an 
all-aluminum bicycle engine. 

M I CA-CERAM IC INSULATORS 
Have Precise Dimensions, 
Good Electrical Properties 

AVAILABLE in a size range of 3f4 to 5 
inches" and molded entirely of an im­
proved glass-bonded, mica ceramic, a 
new line of feed-through insulators are 
said to be exceptionally strong, me­
chanically as well as electrically. Pro­
duced by injection molding to precision 
tolerances, the insulators have ac­
curately flat shoulders without high 
pressure spots which might cause 
cracking when the nuts are tightened. 
Nuts and studs are cadmium plated to 
resist rusting. 

In addition, a new high-voltage 

Strong, non -carbon izing insulator 

transformer bushing with excellent die­
electric properties and small bulk is 
designed of the same material for high­
voltage secondary leads of transformers ' 
used in neon signs, cold-cathode light­
ing installations, oil-burner ignition 
systems, and similar applications. 

Called Mykroy, the insulating mate­
rial is made entirely of inorganic 
materials, hence will not carbonize in 
the presence of arcs, flashovers, or ex­
cessive temperatures, Its surface re­
sistivity is said to be of a very high 
order, The surface is homogeneous 
and ·thus eliminates cracking, crazing. 
or checking due to thermal cycles, 

COLD·RUN GLUE 
Workable After Sh.ort 
Time, Always Ready to Use 

COLD-run and fast-setting, a new resin 
wood glue is claimed to be the only 
type of resin glue that can be handled 
and machined after 20 to 30 minutes 
clamping time, instead of the usual six 
to eight hours. Called W ood-Lok, the 
man�facturer, National Adhesives, ad­
vises that the glue produces a strong, 
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Modern  i n  des ign , South  Bend  
lathes  a re accurate,  ve rsati l e ,  fast, 
and d e p e n d a b l e .  T h e i r  prec is io n ,  
w i d e  range of s p i n d l e  speeds ,  a n d  
r igid ity permit  m a ch i n i n g  work t o  
to l e ra nces a n d  f in ishes w h i c h  often 

��t�D r��nt:;,L;��� e l i m i nate the need  for su bse q u e nt 
rh,:e

o
�:;.:'t7��"�3 gri n d i n g  o r  l a p p i n g  o p e rat ions  . 

f��e��,:,��;�of�5 M a d e  with 9", 10" , 13" , 14!h", a n d  

���:�.i�or��·2?�.nt 1 6 "  swings. Write for cata log. 

S O U T H  B E N D  L AT H E  W O R KS 
Lathe Builders Since 1906 

�58 E. Madison St. ,  South Bend 22, I ndiana 

C o m p l e t e  H o m e  
STUDY COURSES and 
self ... instruction text­
books, slightly used. 
Rented. sold. ex­
changed. All subjects. 

100% satisfaction. Cash paid for used courses. Full 
details & lOO-page illustrated bargain catalog Free. 
Write Nelson Co., 1139 S. Wabash Av. , Dept. 2-31, 

Chicago 5,  III. 

Make Your Own 

TELESCOPE 
E XTENSIVE, practical instrustions 

for making excellent telescopes 
capable of serious astronomical 
work, including the glass mirrors 
and at a cost of less than $25 for 
materials, are presented in 

AMATE U R  TELESCOPE 
MAKING 

(500 pages, 3 1 6  i I Iustrati011s) 
$4 .00 postpaid, domestic; foreign $4.3S 

A FTER you have made your tele-
scope, there will be other optical 

apparatus that yon will want to 
make, Then the book you will 
need is 

AMATEU R TELESCOPE 
MAKING-ADVANCED 

(650 pages, 3 6 1  i l lustrations) 
$5.00 po.tpaid , dom".tic; foreign $5.35 

Ask for detailed infonnation on 
' these two practical books on' an im­
portant scientific hobby. A postal 
card will do •. 

S C I E N T I F I C  A M  E R I CAN 
24 West 40th Street, N .  Y .  1 8, N .  Y_ 
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A S T R O N O M I C A L  
P H O T O G R A P H S  

65 selected pho­
tog rophs m a d  e 
t h r o u g h t h e  
W o r l d ' s  Lorgest 
T e l e s c o p e s .  
Yerkes, Lick, Mt. 
Wi lson, Horvard 
Observatories. Re· 
produced in  half·  
tone in  

"An Album of Celestial Photographs" 
Size 8\'2 x J J 

De Luxe Copy $ 1 .50 Regular Edition $ 1 .00 
Add J Oc to personal checks. 

A. B E DELL-P U B L ISH E R  
B o x  1 447 S t .  Louis I ,  Mo. 

D I A M O N D S  0 0 . 0  
Economical Tools of Industry · 

Many production processes can use 
d iamonds with profit - but on ly when 
they are properly ut i l ized to obta i n  
maxi m u m  results. N ow you can obta in,  
in  one v.o lume, complete and  concise 
i nformation on industr ia l  diamonds and 
the ir  uses i n  ha rdness testing, wheel 
dressing, cutt ing meta l l ic and non­
meta l l i c  materials, mach in i ng  g lass, 
rock dr i l l ing,  and  wire d rawing .  All of 
th is, and more, i n  

D IAMON D TOOLS 
By Paul Grodzinski 

Technical consultant, Industrial Diamond 
Review. London 

$4.60 postpaid 
Order from 

SCI E N T I F I C  A M E R ICAN 
24 West 40th Street, New York 1 8, N .  Y. 

MAGIC ELECTRIC WELDER 
110 volt AC-DC; welds. brazes. solders, cuts 
all metals;  easy to use ; full directions. Com­
plete with power unit, flame and metallic arc 
attachments. carbons, fluxes., rods, mask. Used 
by the Navy. For professional or hobbyist. 
Only $19.95. 

MAGI C  WELDER MFG. CO. 
239 Canal St. Dept. PA-I0 New York CIty 

Send for FREE LITERATURE on 

R
ATENTS it l  
AND TRADE MARKS � 1 

C. A.SNOW& CO. �� 
Reg. Patent AJtorneys Sinu 1 875 I I  

430 Snow Bldg. Washington 1 ,  D .  C. 

W I  L L S  

After writing a form of  WILL and advice 

for a friend it proved so satisfactory that 

I have had it copyrighted and printed at 

$2.00 per copy. If your WILL is  already 

written, or if you intend to write one, or 

if  you are interested in anyone's WILL, 

it will pay you to get a copy of my form 

of WILL, advice, etc. Write for further 
information. 

R. F. B. Logan, LL.B. 
Box 1 56·A He'rnando, Miss. 

Conference ECONOMICAL UNf RRUPTEO' PERMANENT 
Longtime (up 10 12 hours) Conference INSTANTANEOUS 
& Telephone Recordings onS.fety Film PLAY.BACK 

Modol. for Oictation "TALKIES" 
"ILES REPRODUCER CO.INC. 81Z BROADWAY.N.Y.) SA·S 

spare time - ncia you can 'now start a spare to 
take care of N EW ONE YEAR su bscriptions for SC I E'NTI F IC  AMERICAN and a lso for new and 
renewal subscriptions for other p ubl ications. 

There a re probably h u ndreds of homes with in a one mile radius of yours, in which this 
magazine and other popular poblications' a re read reg u larly. These magazine readers p refer 
to p lace their subscriptions through a reliab le local magazine servke. 

When you discover how easy and profitable it is to establish a neighborhood subscription 
service, you wil l  want to start writing your own pay·checks. This coupon \wil l  bring you 
complete' detai ls without cost or obligation. 

I NDEPENDENT AGENCY DIVISION 
Room 1 20 1, 250 Park Avenue, New York, 1 7, N.Y. 
Without cost or obligation, please tel l  me how ta start a neighborhood magazine Subscription 
Service. 

NAME� ________________________________________________________ __ 

ADDRES�S ________________________________________ � ______ ___ 

POST OFFICE ZONE No. __ STATE 

resilient bond unaffected by usual 
humidity changes. 

Other features are that it is a liquid, 
ready for use, and nothing has to be 
added, soaked, or heated. It does not 
harden in the pot, nor do its charac­
teristics change during shipment, ap':' 

plication, or use. Storage and working 
life is months, and Wood-Lok has no 
odor. 

In addition, there is no need to heat 
the room above a comfortable working 
temperature; the glue does not em­
brittle or form a rock-hard abrasive 
film that might dull saws and knives; 
and the fast setting speed shortens as­
sembly lines and frees working space. 

Glue colors range from uniformly 
controlled pure white, which dries 
colorless and leaves no glue line, to 
darker shades for special uses. 

STAM PED. IN  LETTERS 
Applied to Round Parts 
with Single Hammer Blow 

CONVEX marking devices are now 
available for stamping part numbers, 
serial numbers, dates, and similar iden­
tifications on the peripheries of cyl-

Steel characters a re i nterchangeable; 
a l l  letters register to same depth 

indrically shaped parts. A feature of 
these new devices, for hand or machine 
stam]?ing, is the speed with which in­
terchangeable steel ' type characters 
may be changed. 

It is reported that impressions of 
equal depth and clarity for all char­
acters are obtained with one blow of 
the hammer. 

The markers are of "semi-standard" 
design, since parts to be marked hav­
ing different radii require different 
holders and type according to the 
manufacturers, New Method Steel 
Stamps, Inc. 

P I PE I NSULATION 
Stops Condensation Drip, 
Applied with Own Adhesive 

To STOP sweating and dripping from 
cold water pipes caused by condensa­
tion under warm, humid conditions, 
a new material works by jacketing the 
pipes with a thick blanket of insula­
tion and an exterior vapor barrier. 
This prevents warm, humid air from 
striking the cold pipe. 

Called Dri-Pipe, the jacketing is made 
of a water-repellent, pliable insulat­
ing material with a moisture-proof 
backing. The backing does not require 
painting, but will take paint for deco-
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You Need Not Wait For 

Your N E W  
HOUSE 

Here's how to avoid 
the lumber shortage. 

Here's how to avoid 
inflated prices. 

You can get the home yOU 
want-right now-th e h o me 

you 've always dreamed of owning , 
Here are details of  construction methods and materials 

in simple, easy-to-understand language ! Here are detailed 
i temized l ists of  all the m'aterials needed in your house : 
l ists  telling where to get each item, l ists telllng how much 
each item costs. 

The author. an experienced engineer. shows how a large, 

�o�1_i)r:til s�����mWi:�o��;��y �:ul��ed ha� �e-:�����:e 
in the l-nited States. for $2800,00 . 

Inrlucted witb the book are ten folded drawings, 12" 
wide x 18" long.  These drawings by the author show all  the 
details oi such a house--the wiring, the plumbing, the auto­
matic oil-burning heating system and the fluore.'"5cen t light­
f n g .  The book is devoted to showing ho;W s i milar savings 
can be made o n  any house o.t any style, size or floor plan . 

Never has a more helpful book been printed tor the per­
son who is planning or building a house. 
138 6" x 9" pages IlluEltrated, Ten Large, Folded Drawings 
. . .  Send $2 .00 to Techn i c a l  Press. Box I IG, Swamp­
scott. Mass. and you r  copy o f  

"A S I X  ROO M  H O USE, $2800 CO MPLETE, 
READY FO R YO U TO MOVE I N "  

by c:;eorge W .  Pearce, will be rushed to you postpaid . • •  

Distributed solely by Technical Pr�ss. n,ot sold in book 
storf"'<i . . .  Absolute money-back guarantee. 

O PTICAL I N STRUMENT REPAIRS 
Binoculars. Telescopes, Microscopes, Transits. 
Rangefinders, Medical and Surgical Optical In­
struments. Ophthalmic Refraction Equipment. 
and others. 
Lenses and Prisms manufactured and refinished. 
New parts manufactured for Instruments. 
Gua,ranteed Workmanship, Fast Service. 

Solar Optical " Instrument Co. 
201 6 Nostrand Ave. Brooklyn 1 0, N. Y. 

CHANITE S E L F-WELD I N G  FLUX 
IREPA I RS aU ELECTRIC H EATI N G  E L EMENTS 

So simple anyone can make repairs in your 
broken or burnt�out electrical appliances -
irons, toasters, stoves & etc. Guaran,teed 
nothing like it. From our mines to your 
appliances. $ 1 .00 per package. $7.5 0 per 
doz. Stick form 25¢.  $2.00 per doz. 

CHANITE SALES C OMPANY 
914 South Main Fort Worth �, Texas 

For Sc:ientific: & Tec:hnic:al Books 
Try our Book Department 

SCIENTIFIC AMERICAN 

pipe 

rating purposes. Also, the backing has 
"self-stik" adhesive edges on both sides 
of the insulation for attaching to pipes. 

Installation is said to require no 
technical knowledge, and the only tool 
needed is a pair of scissors. Application 
is lengthwise to the pipe, not spirally. 

BOX JIGS 

Provide Too/maker with 
Basic Working Unit 

SAm to offer substantial savings in 
the cost and time ordinarily required 
for constructing a jig body, new box­
jig units can be used in many phases 
of drill-press operations such as drill­
ing, reaming, counter-boring, counter­
sinking, spot facing, tapping, and so on. 
Called Drillet Box Jigs, they are 
available in 150 different sizes-square 
and rectangular shapes--to accommo­
date variations and ranges of shapes 
and sizes up to six inch capacity. 

Another advantage claimed for the 
Drillet is the fact that it is possible to 
use the jig on all of its six sides, thus 
taking advantage of its full capacity. 
This is accomplished by means of re-

I n d ependent j ig  ports al low convenient 
addition of locators, clamps, or holes 

movable sides together with a thumb­
screw and leaf arrangement. 

In operation, turning the thumbscrew 
and raising the leaf opens the jig to 
receive a part. After the part has been 
placed in the jig and properly clamped, 
the leaf is brought into position, locked 
by the thumbscrew, .and the set-up 
is ready for the tool. 

All parts of the jig are independent 
and can be worked on separately when 
mounting locators and clamps, or bor­
ing holes for drill bushings. 
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Smooth, steady power at your fingertips ! 
Turn out profes'sional-Iooking pi'ojects for 
pleasure or profit - ship, plane, train 
models, costume jewelry, wood carvings. 
puppets, initialed tumblers. etc. Works on 
metal, plastic, wood, alloy, glass, leather, 
bone, stone, etc. AC or DC. 25,000 r.p.m. 
Weighs only 12 ounces. 
USE THE RIGHT ACCESSORIES - CboQ'" 
from the complete line - more than 300 made 
right in the Handee plant. 

A GOOD START 
WITH THE 

HANDEE KIT 
Handee and 45 

popular ac-
kess,ories in com­

pact steel carry­
in� case. Postpaid, 
$21.50. H a n d e e ,  

ORDER NOW with 7 accesso-
SATISFACTIO N  GUARANTEEDI ries, $20.50. • A FINE GIFT FOR A 

• FRIEND OR YOURSELFl 
. . . . . CHICAGO WHEEL " MFG. CO. 

. ,  1 1 01 W. Monroe St., Dept. SA, 
Chicago 7, III. 

TH E H EN RY SYSTEM 
Of Finger Print 

Classification 

and 
Identification 

is now in use by most 
of the Police Departments in the 
United States. It is also the system 
which applicants for many Civil 
Service positions must master before 
they can successfully fill all require­
ments. 
The o nly book based on the Henry 
System is Frederick Kuhne's 

"TH E FINGER PRINT 
INSTRUCTOR" 

In this 182-page book, written by a 
noted finger print expert who was 
for many years in the Bureau of 
Criminal Investigation, New York 
Police Department, will be . found 
complete instructions on every phase 
of the work from taking the prints 
to final identification. Numerous 
photographs and reproductions of 
prints make all details clear. 
Used by m any governmental and 
industrial personnel departments 
and by the F .B.I. 

$4.25 postpaid (Domestic) 
$4.60 postpaid ( Foreign) 

Order from SCIENTIFIC AMERICAN 
24 West 40th Street, New York 1 8, N.  Y. 
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The Editors Recommend 
PROCEDURES IN EXPERIMENTAL PHYSICS -
By John Strong, Ph .D. A wealth of useful data of 
a practical kind for the constructor, experimenter, 
and skilled craftsman. $7. 10 

HIGH FREQUENCY INDUCTION HEATING -
By Frank W. Curtis. Answers many questions con­
cerning induction heating and its utility in industrial 
processes. Thoroughly practical in scope. $ 3 . 1 0  

T O O L  MAKING - By C. M .  Cole. Instructions for 
making and using all kinds, from personal tools to 
arbor presses, lathes, planers, etc.,  in different 
metals. $3.60 

THE PSYCHOLOGY OF SEEING - By Herman 
F. Brandt. From motion-picture data of eye move­
ments and usc the author has revised many con· 
cepts of seeing. His interpretations will b e  of value 
to everyone---editors, advertising men, product p'c­
signers, safety engineers, and so on-whose living 
depends on the use which people make of their 
eyes. $3.85 

YOUR HAIR AND ITS CARE - By Oscar L. 
Levin, M.D., and Howard T. Behrman, M.p. 
Scientific facts about hair-how to save and beautify 
it, treat infections, and s o  on. Real facts-not a 
" cure- for-baldness" screed . $2.10 

EXPERIMENTAL SPECTROSCOPY - By Ralph 
A. Sawyer. C overs theory and types of sp ectrosopes 
and spec trographs, mounting and use of gratings, 
determination of wavelengths, infra-red spectroscopy, 
sp ectrochemical analysis; and so on. Somewhat 
elementary but requires knowledge of physics and 
some physical optics. $5.10 

ATOMIC ENERGY FOR M ILITARY PURPOSES­
A 'General Account of its Development Under the 
Auspices of the United States Government, 1940-1945. 
The famous Smythe report, telling in relatively 
non- technical language of the developments in 
nuclear physics that lead to the manufacture of the 
atomic bomb. Paper cover, $1.35 ; cloth $2.10 

PLASTICS - By J. H. Dubois. Third edition, 
again revised and enlarged, with two four-color 
plates. This is an important book on the whole 
general subject of plastics, plus much brand new 
material. on synthetic rubber, manufacturing processes, 
and p lastics moldings. $4.10 

REVISED LAPIDARY HANDBOOK - By J. 
Harry Howard. Practical instructions in gemstone 
cutting and polishing, for both beginner am! the 
advanced hobbyist. $ 3 . 1 0  

EXPERIMENTAL ELECTRONICS - B y  Ralph 
H. Muller, R. L. Garman, and M. E. Droz. 
A solid book of eminent}y practical information on 
the characteristics and non-c ommunication applica­
tions of electron tubes. The text d escribes experi­
ments and presents results. For students, radio 
engineers, c ommunications experts, and the serious 
general reader. $5.10 

THE MEANING OF RELATIVITY - By Albert 
Einstein. Second edition with added chapter �e­
scribing advances sin c e  publication of first edition 
some 25 years ago. Requires knowledge of advanc ed 
mathematics and physics ; not a p opular exposition . 

$2.10 

A SMALL BUSINESS OF YOUR OWN - B y  
Harold S. Kahm. Simplified, compact, paper-covered 
book that sets out to tell p ersons with capital rang­
ing from $10 to $2000 how they can get started in the 
right direction . $1.10 

B e s t  S e l l e r s  
I n  S c i e n c e  

A PRACTICAL COURSE IN HOROLOGY - By 
Harold C. Kelly. Definite, outright, practical in­
structions on watch making, repairs,_ and adjustment . 

$2 .. 85 

SLIDE RULE SIMPLIFIED - By C. O. Harris. 
H ow to use a slide rule, without any of the mystifica­
tion that often surrounds this important tool of the 
engineer. Excellent illustrations make everything 
clear. $3.60 including a slide rule ; for book alone, 

$2.60 

HOW TO SOLVE IT - By G. Polya. The text 
deals with the general method of solving problel]ls. 
I t  will b e  of value to teachers but will also find 
wide use by those who have to solve problems re­
quiring scientific reasoning. $2.60 

MACHlNERY'S HANDBOOK - 1 3th Edition. 
"Bible of the mechanical industry ." 1911 pages 
of latest standards, data, and information required 
daily in shop and drafting room. $6.10 

BUILDING INSULATION - By Paul D. Close. 
When, how, and where to use thermal and sound 
insulation . Fundamentals as well as practical aspects, 
with many typical examples and their solutions. 

$4.60 

ATOMIC ARTILLERY AND THE ATOMIC 
BOMB - By John Kellock Robertson. Standard 
best seller for years, describing electrons, pro�ons, 
p ositrons, photons, c osmic rays and the manufac­
ture of artificial radioactivity�now with a chapter 
added on the bomb and the difficulties of its pro­
duction . $2.60 

PRINCIPLES OF PHYSICS, VOL. III - OPTICS 
- By Francis Weston Sears. One of the most 
modern works on physical optics available t�day. 
At college level, it covers the subject with emphasis 
on physical principles rather than practical appli. 
cations. $5.10 

ELECTRONIC PHYSICS - B y  Hector, Leln and 
Sconton. A simplified text for those who desire to 
acquire a sound basis for following the advanc e  of 
applied electronics .  $3.85 

TESTING PRECIOUS METALS - By C. M. Hoke. 
This guide for those who buy an d  sell precious 
metals describes testing �ethods and gives important 
facts that such p eople should know. $2.10 

FUNDAMENTALS OF OPTICAL ENGINEERING 
- By Donald H. lacobs. This new work starts 
out at the very beginning, is mainly n on-mathe­
matical, and is probably the best suited of aU 
existing books as an introduction to optical design . 
Author is a physicist at Bureau of Standards. $5 .(j0 

WITH THE WATCHMAKER AT THE BENCH ­
By Donald DeCarle. Simple, practical, straight­
forward instructions on the repair of timepieces, 
with direct implications to the manufacture and 
repair of delicate instruments of all kinds. $3.10 

THE PROLONGATION O F  LIFE - By Dr. 
Alexander A� Bogomolets. Competent evaluation 
of present knowledge of the mysteries of human 
aging, including full dIscussion of A C S�anti· retic­
u lar cytotoxic serum. $1 .60 

ARCHITECTURAL DRAWING AND DETAILING 
- By Dalzell and McKinney. Reasonably c omplete 
coverage of fundamentals for students or others who 
need a working knowledge of architectural repre­
sentations and terminology . $2.60 

( The above prices are postpaid in the United States. Add, on foreign orders, 
25 ¢ for postage on each book, except as noted. ) 

( All prices snbject to change withont notice.) 

For Sale by : October, 1946 

SCIENTIFIC AMERICAN, 24 West 40th Street, New York 18, N.Y. 

I enclose $ .  . . . . . . . . .  for whi�h please forward at once the following books : 

Name 

Address . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 
Write us for information on books on any subject. We can supply any book in print. 

C U R R E N T  B U L L E T I N  
B R I E F S 

Conducted by K. M. CANAVAN 

(The Editor will appreciate it 
if you will mention Scientific 
American when writing for any 
of the publications listed below.) 

KOROSEAL, THE MODERN FLEXIBLE MA-
TERIAL FOR INDUSTRY, gives a short 

history of the development of this plas­
tics and outlines its resistance to de­
structive elements. In the 18 pages of 
the book are also presented mechanical 
properties, physical aspects, and nu­
merous industrial applications. The 
B.  F. Goodrich Company, Akron, Ohio. 
-Gratis. 

A CHRONOLOGICAL HISTORY OF ELECTRICAL 
DEVELOPMENT. This hard-covered 

book presents the running history, by 
dates from 600 B.C. to 1944, of the high­
lights of electricity and the industry 
that has been built around it. It con­
tains much biographical data and is de­
signed as a reference work to provide, 
in its 106 pages, an extensive collection 
of background material. National Elec­
trical Manufacturers Association, 155 
East 44th Street, New York, New York. 
-$2.00. 

AxONOMETRIC DRAWING . . .  THE UNI-
VERSAL PICTURE LANGUAGE outlines 

clearly, in 20 illustrated pages, the fun­
damental principles of pictorial en­
gineering drafting. It also gives details 
of stencils developed to make this type 
of drawing faster, easier, and more 
accurate. John R. Cassell Company, 
Inc., 1 1 0  'West 42nd Street, N ew York 
18, New Y ork.-Gratis. 

JESSOP STAINLESS STEEL WELDING ELEC-
TRODES is an eight-page booklet cov­

ering information on the selection and 
application of stainless electrodes for 
welding stainless steel. Current range, 
for each type of rod in varying di­
ameters, is included. Jessop Steel Com­
pany, Washington, Pennsylvania.­
Gratis. 

"CUSTOM" FLUORESCENT LIGHTING WITH 
STANDARDIZED FIxTURES. Specifica­

tions and installation data on 11 stand­
ized commercial fluorescent fixtures for 
lighting offices, drafting rooms, lab­
oratories, stores, schools, and institu­
tions are given · in this catalog packet. 
Sylvania Electric Products Inc., Salem, 
Massachusetts.-Gratis. 

THREE NEW ABRASIVE BELT GRINDERS 
are fully illustrated and described in 

this eight-page bulletin, together with 
standard equipment specifications. Re­
quest Bulletin 310. Hammond Machin­
ery Builders Inc., 1 600 Douglas Avenue, 
Kalamazoo 54, Michigan.-Gratis. 

You CAN TAKE IT WITH YOU. This four-
page brochure describes how loads 

up to 2000 pounds can be carried safely, 
conveniently, and economically by a 
specially designed trailer. An illustra­
tion of this trailer, particularly suitable 
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for handling farm or industrial supplies, 
is included and shows all of this trailer's 
features. Mount Vernon Implement 
Company, Mount Vernon, New York. 
-Gratis. 

A PRODUCTION PLANT IN MINIATURE. This 
four-page bulletin describes the new 

Fansteel laboratory pilot plant which 
was designed to aid in the develop­
ment of full-scale chemical plant equip­

' ment. A wide range of uses is included 
in this bulletin. Request Bulletin F-540. 
Fansteel Metallurgical Corporation, 

North Chicago, Illinois.-Gratis. 

ONE PLASTICS AVENUE. This brochure, 
containing 20 pages done in four 

color, explains complete plastics facil­
ities-research, development, design, 
manufacturing, and so on-performed 
at plants throughout the country. Gen­
eral Electric Company, Chemical De­
partment, Pittsfield, Massachusetts.­
Gratis. 

SPLIT BALL BEARINGS. In this 30-page 
catalog are illustrated and described 

the applications of divisible-race ball, 
roller, and thrust bearings in power 
plants, printing equipment, paper mak­
ing machinery, and other machinery 
equipment. Catalog and complete en­
gineering service is available. Split Ball­
b earing Corporation, Lebanon, New 
Hampshire.-Gratis. 

SUCCESSFUL WIRE PRE-STRETCHING AND 
STRINGING. Based on clear and sim­

ple wire-stretching instructions, this 
single sheet bulletin contains engineer­
ing information that is useful for se­
curity, efficiency, and saving. W. C. 
Dillon and Company, 5410 West Harri­
son Street, Chicago 44, Illinois.­
Gratis. 

POWER CIRCUIT TRANSFORMERS. For those 
interested in reducing plant wiring 

costs, upkeep, and maintenance, this 12-
page illustrated bulletin contains wiring 
diagrams and mounting suggestions as 
well as a detailed table of dimensions 
and data on double-wound and single­
wound autotype transformers from 100 
KV A to 10 KV A capacity for reducing 
from 575, 460, and 230 volts to 230 and 
115 volts. Jefferson Electric Company, 
Bellwood, Illinois.-Gratis. 

BELT CONVEYOR IDLERS is a 26-page bul-
letin containing charts, tables, and 

diagrams to aid in the proper selection 
of idlers. Descriptions of two new 
types-the impact-cushioning trough­
ing idler and the rubber covered 
spiral return idler-are included. Re­
quest Bulletin Number 463. Chain Belt 
Company, 1 600 West Bruce Street, Mil­
waukee 4, Wisconsin.-Gratis. 

ELECTRICAL PORCELAIN. In 20 pages this 
booklet presents the history, uses, 

and adaptability of electrical porcelain 
for insulation. Many properties and ap­
plications are listed showing how this 
product can meet exacting demands 
for dielectric, mechanical, and com­
pressive strengths. National Electrical 
Manufacturers Association, 155 East 
44th Street, New York 1 7, New York. 
-Gratis. 

If you desire to save time and die expense 
on production of metal stampings or other 
small parts, then the DI·ACRO System 
of � �Metal Duplicating Without Dies" 
merits  your consideration. All duplicated work is accurate 
to .001".  These precision machines are adaptable to an 
endless variety of work, and ideally suited for use by girl 
operators. For short runs your parts are processed in a matter of 
hours instead of waiting weeks for dies. 

347 Eighth Ave. S. BENIJERS 
Minneapolis lS, Minn. 

• When you write to advertisers The Editors will appreciate it if yop 
will mention that you saw it in SCIENTIFIC AMERICAN 

T I T A N  S L I D E  R U L E  
6" diameter. Easily read. clearly 
marked single index scales. Gives 
logarithms. reciprocals. squa,res, 
square roots, sines, and tangents. 
CO'ntinuous circular calibratiO'ns 
cannot gO' "off-scale." Invaluable 
in multiplication. division, pro­
PO'rtion, conversion, all mathe­
matical problems. Made of dura­
ble heavy pure white Vinylite. 

Complete with instruction, $2.95, Leat,herette case 
75¢ additiO'nal. Money back guarantee. 

P R E 'C I S I O N  I N S T R U M E N T C O . 
Box 654, Dept. BH, Church St. Annex, New York 7 

This is 
Perhaps 

the WORLD'S 
SMA LLEST 

M OTOR 

1" X 1 %111 x alii made for 2'7 volts DC $3 00 runs on 4 Flashlight batteries • 

REVERSIBLE 
DRIVE it as a generato r !  

BLAN, 64-P Dey Street, New York 7,  N .  Y. 

DO YOUR HANDS 
FOLLOW YOUR MIND? 

D o  you lack co-ordination ? D o  you find it 
difficult to translate your ideas into actiollS 
and things? Have you felt the urge to create, 

to build- to start something new, and have 
you failed to organize your thoughts ?  
Would you like to be able t o  follow througb 

on your hunches - make realities out 
of vague impressions ? Learn the truth 

about will power, conce ntrati o n ,  
memorizing, the law of suggestion. 

ACCEPT THIS FREE BOOK 
Let the Rosicrucians (not a religion) , 

a world-wide fraternity of thinking 
and progressive persons, show you 
how they have helped thousands 
to master life by the use of the nat-

ural powers of mind. For further 
details ask for a copy ' of the free 

book, The Mastery of Life. Address : 
Scribe E.E.T. 

fJ"/ie RO S I C RU C I A N S  
S A N  J O S E  ( A M O R C )  C A L I F O R N I A  
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(
Cer tifying the spacing of location) 
pins on a fix ture, with two combi­

na tions of lo -Blocks. 

When the JO-BLOCKS 
sa y n i t ' s  r i g h t "  

- th e n  i t ' s  R I G H T ! 
When you take a measW'ement with 

Jo-Blocks and the Jo -Blocks show 

the . dimension is per specification . . . that's that! Genuine J ohansson 

Gage Blocks are warranted accurate 

to within .000002",  .000004" or 
.000008", +. They are made in 

America by Ford Motor · Company 

only. They are used by hundreds 

of manufacturers, as m·aster gages 
to check working gages, micrometers, 

etc., as precision layout tools and 

frequently as
' 
actual working gages 

(since the cost of an individual 

Jo-Block or two is often appreciably 

less than that of a specially-built 
working gage) . 

If your plant - particularly your 
toolroom-is operating without the 
'feassuring control of a set of genu­
ine Ford Jo-Blocks and Accessories , 
it would be well to consider this 
very moderate investment. 

Jo 
1 88 

Ford Motor Com­

pany, J o h a n s s o n  

D i v i s i o n ,  D e a r ­
b o r n ,  M i c h i g a n  

Dept. 1 48.  
WRITE FOR YOUR 
N E W C O M P L E TE 
J O - B L O C K  
C A TA L O G !  

o n  

O u r  Boo k Corne r  
nrE BOOK D E PARTMENT of Scientific American is conducted, with the co· 
operation of the Ed itors, to make avai la ble for you a comprehensive book 
service. Each month the Editors select and review in  these colu m n s  n ew books 
i n  a wide range of scientific and tech nical fields. I n  addition, they are ready 
at a l l  times to advise you regarding the best avai lable books on any subject. 
You are invited to use this service freely. Tell our Book Department what 
k ind of books you wa nt, a n d  you will be furnished with the n ames of avai lable  
books, incl u d i n g  p r ices. Whl'n inquir ing abaut books, p lease be specific; 
remember that we can be of the g reatest help o n ly when yau tel l  US just what 
you a re looking for. Baoks listed in these columns may be o rd e red from o u r  
Book Department. A d d  25 cents p e r  book f o r  m a i l i n g  outside U.  S. A l l  re­
mittances are to be made in U. S. funds.  Prices g iven are subject to change 
withaut notice. 

TO MAKE CERTA I N  that books ordered by or for men in the Army, located in  
the U n ited States, or men in  the N avy, Marines, or Coast Guard, located a ny­
where, wi l l  be d e l ivered, insurance fees shou l d  be sent with orders, as  fol lows: 
To $5 in valu!!, 3¢ add itio n a l ;  from $5 to $25, 1 0¢; from $25 to $50, 1 5¢ .  

WHY S MASH ATOMS? 
B y  Arthur K ,  Solomon 

OF ALL the books on atom smashing, -
the initial edition of this volume 

was the first to appear. Now it has 

been revised completely and brought 
up to date to include important data 
released by the government on the 
atomic bomb. Here the general reader 
will find the whole subj ect of atom 
smashing in language which he can 
understand, complemented by a number 
of simple but excellent drawings and 
a group of outstanding photographs. 
Various methods of atom smashing are 
described and considerable attention is 
given to the importance of atomic dis­
integration to fields other than destruc­
tion. (204 pages, 6 by 9 inches.) -$3.10 
postpaid.-A.P.P. 

PHYSICAL M ETHODS OF 
O RGAN IC CHEM ISTRY 

Edited by Arnold Weissberger 

V OLUME II of this important work 
has now appeared. It completes 

the treatment of this subject of likely 
current interest by adding 10 more 
chapters to the 16 making up the first 
volume, noticed earlier in these pages. 
The subj ects treated in the current 
volume are Spectroscopy and Spectro­
photometry, Polarography, Radioac­
tivity, Mass Spectrometry, and six 
others. (630 pages [737 to 1367] , 6 by 
9% inches, illustrated.) -This volume 
$8.60 . postpaid.-D.H.K. 

U N DERSTAN DING 
MICROWAVES 

By Victor J. Young 

UNDOUBTEDLY much of tomorrow's ra­
dio technique will involve micro­

waves-waves measured in centi­
meters and millimeters. The present 
book sets out to explain the new and 
different equipment which will be used 
in the generation and reception of 
these waves. In solid, semi-technical 
text it accomplishes its purpose. Start-

Beca use of increased prod uction costs 
of books, pu blishers' retai l  prices to­
day a re s u bject to constant change. It 
may be necessa ry, therefore, for our 
Book Department to advise book p u r­
chasers of i�creased costs, even when 
orders sent a re based on c urrent q uo- ' 
tations. 

The Editor 

ing with the fundamentals of ultra-high 
frequencies it continues through a dis­
cussion of stationary charges, magneto­
statics, transmission lines, waveguides, 
antennas, and microwave oscillators. 
Designed to give engineers a fairly 
complete picture of the whole subject 
of microwaves, the text will also be 
helpful to students of radio and those 
who are or will become concerned 
with the servicing or operation of ultra­
high frequency equipment. Some 
knowledge of mathematics is essential 
to a mastery of this book. Almost 100 
pages of the hook are devoted to micro­
wave terminology, ideas, and theorums .  
(385 pages, 51,2 b y  8 1,2  inches, well il­
lustrated and indexed.) -$6.10 postpaid. 
-A.P.P. 

PLANN ING FOR JOBS 
Edited By Lyle C.  Fitch and 
Horace Taylor 

THAT the American people, in the midst' 
of plenty-as regards jobs-can still 

think carefully, although divergently, 
about unemployment is proved in this 
volume. Presented as a sampling of 
American thought and opinion on 
methods of preventing wholesale un­
employment in the future, the material 
contained in the book derives from a 
great number of essays submitted for 
The Pabst Postwar Employment Awards. 
The editing, accomplished by members 
of the Columbia University Depart­
ment of Economics, serves mainly to 
classify the subject matter for ease of 
comparison and to bring discussions 
tied to a basic theme onto common 
ground. Taxes, small business, big bus­
iness, tariffs, restrictive practices, labor, 
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and so on are all brought into focus 
from a number of different stand­
points. (463 pages, 6% by 8% inches, 
unillustrated.) -$3.85 postpaid.-E.F.L. 

AVIATIO N  EDUCATION 
SOU RCE BOOK 

Prepared by School of Education, 
Stamford University, in Co-opera­
tion with CAA 

WITH a subtitle of "Subject Matter 
and Activities Drawn from Avia­

tion Suitable for Inclusion in Text 
Books for Elementary and Junior High 
Grades," this enormous volume, with 
1000 carefully selected photographs, 
maps, charts and diagrams, constitutes 
a fruitful source of information for 
teachers in all subjects-sciences, music, 
languages, social studies, arts, mathe­
matics, and so on. For example, a 
teacher of mathematics will find the 
aviation references make his algebra 
and mathematics live for his pupil. Be­
sides professional teachers, people in 
general who are interested in aviation 
will find this a species of attractive 
and accurate encyclopedia. (855 pages, 
81,2 by 11 inches.) -$12.60 postpaid.­
A.K. 

THE LOST AMERICANS 
By Frank C. Hibben 

P OPULAR account of the discoveries 
pertaining to Folsom man, Yuma 

man, and Sandia Cave man, written by 
the principal of the last-named find. 
Elementary, readable, yet scientifically 
unexceptionable, this book is a selec­
tion of the Scientific Book of the 
Month Club. (196 pages, 51,2 by 8 
inches, lightly illustrated.) -$2.60 post­
paid.-A.G J. 

THE WORKING ELECTRON 
By Raymond F. Yates 

T HIS LITTLE book is aimed at the prac­
tical man; that is, at all who are not 

steeped deeply in the lore of what has 
been lately called electronics. It de­
scribes for the one who may be inter­
ested in using them, a vast number of 
appliances that operate with the aid of 
electronics and supplies just enough of 
the basic theory to make the whole 
thing understandable by an intelligent 
person with an interest in the subject. 
The author includes clear diagrams of 
most of the things he describes and 
occasional experiments that one might 
wish to perform. These will delight 
many readers, as they have this re­
viewer, and will make the whole sub­
ject easier to understand and to apply 
to one's own problems. Even burglar 
detectors rate a chapter! (247 pages, 
5% by 8% inches, illustrated.) -$2.60 
postpaid-D.H.K. 

PRINCIPLES OF FIELD AND 
M I N ING GEOLOGY 

By J. D. Forrester 

T REATISE, solid and substantial, on the 
wholly practical work of the min­

ing geologist, whose function is to 
recognize, survey, and record ore-bear-

ing properties. Typical chapters deal 
with economic mineral deposits, corre­
lation of geological phenomena, field 
equipment, survey procedures, map­
ping, sampling, claim location, develop­
ment practices, library and laboratory 
research. The user should already 
know elementary geology; this much is 
assumed by the author. Thus this is 
not an elementary pocketbook for 
would-be sourdough prospectors with­
out technical background-for him 
there are other books. Nevertheless, 
much insight would be gleaned from 
it by anybody. The author is head of 
mining and engineering at the Missouri 
School of Mines and Metallurgy. (647 
pages, 51,2 by 81,2 inches, 316 illustra­
tions.) -$7.10 postpaid.-A.G.I. 

ATOMIC ENERGY IN COSMIC 
AND HUMAN LIFE 

By G. Gamow 

T HIS BOOK is unique in denying in its 
preface that it contains any informa­

tion of a secret or confidential nature. 
Professor Gamow bases his discussion 
principally on information that has 
been available to any one, enemy and 
ally alike, in the world's scientific lit­
erature, with only such reference to 
the Manhattan Project as his scientific 
approach requires. The book, conse­
quently, is a scholar's exposition of an 
abstruse and absorbing subj ect for the 
benefit of intelligent laymen. The ex­
position is clear and the style is inter­
esting. The book opens with an ex­
planation of atomic structure and the 
modern alchemy based on this which 
converts atoms of one kind into those 
of another with energy formed in the 
conversion. Next, the great function 
of the energy of atomic fission in keep­
ing the sun and the stars alive is dis­
cussed. The final section of the book 
describes what man has done about 
atomic energy and looks ahead to what 
he may accomplish by control of this 
newly discovered and tremendous 
force. Decidedly worth while for the 
intelligent general reader. (51,2 by 8% 
inches. 159 pages, illustrated. ) -$3.10 
postpaid.-D.H.K. 

THE EINSTE IN  THEORY 
OF RELATIVITY 

By L. R. and H. G. Lieber 

BooKs on relativity have nearly all 
been of two opposite types: (1) too 

mathematical even for average univer'­
sity graduates or else (2) written with­
out mathematics. As Professor Knowl­
ton has said, in "Physics for College 
Students", everyday language has no 
words in which relativity can be ex­
plained without certain misunderstand­
ing. Just in the measure that relativity 
is "simplified," so is its very essence 
lost and the metaphysical, sensational 
side played up. In plainer words, unless 
one is mathematical he cannot really 
reach relativity. Besides, nearly all of 
both types of books are today out of 
print. Now comes this intermediate 
book, partly in language-and not baby 
language-but largely in college mathe­
matics, mainly calculus. Thus thousands 
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500,000 ! ! ! ! 

L E N S E S 
U. S. ARMY A N D  NAVY SU RPLUS 

9 PERFECT LENSES to make 5X Tank Artil-
lery Scope. Value $ 1 40.00 (al l coated) . . . $1 0.00 

METAL PARTS to make a com plete 5X Tank 
A rti l l ery Scope. Diagram inc luded . . . . 7050 

5 POWER TAN K  TELESCOPE (M7 I )  Brand 
New. Coated Optics, Compl etely as­

sem b led. Value $345.00 Perfect . . . . ea. 2'1.50 
COMPL ETE SET OF OPTICS from Periscope 

Rifle Sight. Value  $24.00 . . . . . . . . . .  ea. 2.25 
WIDE ANGLE EYEPIECE - All coated 

optics, mounted in focussi n g  cel l ,  2 / 1  
c lear aperture, 1 1/2'1 F . L. , 3 Achro. lenses. 
V a l u e  $ 1 25.00. Perfect . . . . . . . . . . . . . ea . 9.S11 

PERISCOPE EYE P I E.CE lens Set I" Dia . . . ea. 1.50 
5 LBS. OPTICAL G LASS Lens & Prism 

b l a nks.  I ndex and d i spersion J imarkedJl 4.15 
ACHROMATIC OBJ E CTIVE Perfect coated 

and cemented 44m/m D ie . 7'1211 f'. L .  
Mounted . . . $3.50 ea.  U n mounted . . .  $2.50 eo . 

ACHROMATI C  LENSE S, cemented 
1 2 mm Dia. 80 mm F. L.  ea. $ .SII 
23 m m  Dia .  1 62 mm F.L .  coated ea . 1 .00 
23 mm Dia. 1 84 m m  F. L. ea. 1 .25 
25 mm D i a .  1 26 mm F.L. ea. 1 .35 
26 mm Dia.  1 04 mm F .L .  coated ea. 1 .25 
31 mm Dia.  1 24 mm F.L. coated ea. 1 .50 
31 mm D i a .  1 72 mm F.l. coated ea . 1 .25 
34 m m  Dia.  65 mm F.l.  coated ea. 1 .50 
38 mm Diet. 1 30 mm F.L .  ea . 1 .50 

PORRO-ABBE PRISM 8mm aperture . • . . . •  ea . $ .50 
DOVE PRISM 49mm long . . . . • . • . . . . . .  ea. .75 
DOVE PRISM 75mm long . • . . . . . . . • . . .  ea. 1 .50 
L EMAN PRISM 2'l'a" long . . . . . . . . . . . . •  ea. 3.00 
P ENTA PRISM 26mm x 28mm Face . • . . . •  ea. 3.00 
90' AMI C I  PRISM 1 9mm Face . . . . . . .  ea . 2.00 
l i S '  AMICI PRISM 1 0mm Face . . . . . . . . . ea. 1 .25 
RIGHT ANGLE PRISM 23mm Face • . . . . . ea. 1 .25 
RIGHT ANGLE PRI SM 38mm Face . • . . . •  ea . 1 .75 
RLGHT ANGLE PRISM 47mm Face . . • . . .  ea. 2.50 
G IANT RIGHT ANGLE PRISM 4 1 m m x 57mm 

Face (flint  glass) . . . . . . . . . . . . . . . . . .  ea. 3 .00 
CROSSL I N E  RETICLE 29mm Dia.  . • . . . . .  ea.  .SO 
RETIC L E  ASSORTMENT (5pc Set) . . .  1 000 

Send 3 cent stamp for "BARGAIN" l i st. 

A. JAEGERS 
BOX 84A SO. OZO N E  PARK 20, N .  Y. 

LARGE OBJECTIVES 
2 % "  0.0. 1 5 "  focal length 

NEW - ACHROMATIC - COATED 
IN PEDESTAL MOUNT 

while they last $ 1 5 .00 ea. postage extra 
remit with order 

Now Is The Time To 
Patent Your Invention 

Manufacturers everywhere 
in striving to keep ahead 
of competition are buying 
np patent rights so that 
they will have new items 
to make and sell. Hence. 
the wise thing for you to 
do is also to act at once. 
Protect your invention­
and yourself-by apply­
ing for a patent now. 

GET FREE "PATENT GUIDE" 
Our free 48-page "Patent Guide" ten. 
what details are necessary to apply 
for a patent ; and countless other facts 
"ou will want to know. Mail coupon 
for Free "Patent Guide" and HRecord 
of Invention" form today. 

C L A R E N C E  A .  O ' B R I E N " 
f, H A R V EV B. J A C O B S O N  

I Registered Patenl Attorneys I 
I 65-J Adams Bldg., Washington 4, D. C- I 
I 

Please send your 48·page "Patent Guide" I 
and your " Record of Invention" form 

I FREE. This request does not obligate m e .  I 
I Name . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  I 
I Address . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  I 
L�:: �.:":': ; .. :.:":': ;.;.:":': �.:.:":': ':":" �� .:..:.. . ..:.::..... J 
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I N  STOCK AGA I N !  
A C H R O M AT I C  T E LESCO P E  

P R I S M 
Best optical quality. 
Precision ground to 
"astronomical" toler­
ances. Used either for 
telescope diagonal or 

OBJ ECTIVES 
3 - inch (76.2mm. ) dia­
meter, I5-inch ( 38Imm. ) 
effective focal length ( f5 ) . 
FWDt and ·back surfaces 
�I a g n e s i u m  F l uo r i d e  
coated, cemcnted, optically 
centNed and mounted in 
aluminum cell, 3%" O.D. ; 
clear aperture 2 191..6'" 
Po�itively designed for 
t e l e s c o p e w o r k .  P r i c e $22.50. 

Inverter. Small prism cemented to larger Oml. 
Small prism : 1 9 / 1<)" x 1 9 / 16" fare. wger: 
1 9 / 16" x 2:% " face. Fluoride coated. In moUDt­
$ 1 2 .  Limited supply. 

3·L E N S  ACH R O M A T I C  E Y E P I EC E  

Six lenses I Finest eyepiece ever made anywhere. Our 
greatest buy to date. �Iade of three separate achro­
matic elements (illustrated ) . All outside SU!"­
faces fluoride coated. In focusing mount. 1 13/1·6" 
( 43mm . )  clear aperture, ftat field to edges. Focal 
length 1 % "  ( 32mm. ) ( 8X ) .  6 9 0  angle. Outside 
diameter of mount 2 % "  ( 54mm . )  
Each $ 1 5 . 0 0  plus postage. Quantity definitely limited. 
Ordcr at once. Lenses only for above, $9 .00  per set. 

Achromatic Kellner Eyepiece M·I 

With high eyepoint. Completely assembled. Ready 
to use in telescopes, binoculars, microscopes, 
finders, spotting 'senpes or wherever a very superior 
wide-field ocular of fine definition and great light 
gathering qualities is reqillred. Both eye and field 
lenses are achromatic and fluoride coated. 
a) E.F.L.  0 . 785" ( 12 . 5  X) . O.D. %" $5.00. 
b)  With crosshair $ 6 . 00.  
0 )  Bushing to fit 1 % "  tube $3 .00  extra. 
Bushdng to fit your tube $4 .00  extra. 

T E L ESCO P E  I NV E R T E R  
a )  Did YOU 
buy our foc-
u s i n g  eye-
piece?  Now 
you ma� ob­
tain an in-
yerter lbat 
threads di-
rectly into it. 
T r a n s f o r m 
your astronomical telescope to terrestrial use Com­
bination also 5erves low pO\ver microscope 

Sleeve 1%" 0 . 0  .• $7.00 
Other d i ameters $8.00 

b) RUSHI:lTG ; threads into focusing eyept_. 
Standard 1 '14" 0 . 0 .  @ $3.00 To fit your spec ial size tube, $4.00 

DOVE ( inverting) P RISM 
A )  .3"  long, face 11 , 16" square. B . R .  
Crown 1 . 5 1;. $1 . 0D 
ea. 
Bi 1 15/]6"  l o n g , 
fuC'(' 7/!6" square. 
B . S. Crown 1.517. 
jOe ea.  

Include Postage - Remit with Order 
Catalog of Lenses, Prisms, etc. Send lOc 

H A R R Y  R O S S  
MICROSCOPES 

S cientific and Laboratory Apparatus 
70 vVest Broadway, N.  Y. 7. N.  Y. 
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of engineers and the like can now ex­
pect to get their teeth at least deeply 
into relativity. Of the book, Professor 
Einstein says: "Not only stimulating to 
the layman, but also will tend to 
counteract a too narrow specialization 
on the part of the professional mathe­
matician." (324 pages, 5% by 7 inches, 
illustrated.) -$3.10 postpaid.-A.G.I. 

ROCKETS 
By Robert H. Goddard 

FUNDAMENTAL to the whole subject of 
rocket and j et propulsion is the 

work of the late author, two of whose 
famous reports are here presented in 
exactly the way in which they origi­
nally appeared. Although these reports 
were first published in 1919 and 1936, 
they are replete with data of vital im­
portance to engineers now concerned 
with the rapidly growing science of 
j ets and rockets. The book also contains 
more than 50 pictures of the author's 
experiments and a foreword written by 
him shortly before his death. (70 pages, 
6 by 9 inches, plus illustrations and a 
biographical note.) -$3.60 postpaid.­
A.P.P. 

I NTRODUCTION TO 
EM U LSIONS 

B y  G eorge M.  Sutheim 

I NTENDED as a practical treatise on the 
subj ect of emulsions, this book opens 

with a discussion of the theory of 
emulsification, glvmg a satisfactory 
basic treatment, and continues with 
various practical aspects of making 
and using products of this important 
class. The subj ect is rounded off by 
a glossary of terms, a list of commercial 
emulsifying agents, and a bibliography 
of 159 titles. (260 pages, 6 by 9 inches, 
illustrated.) -$4.85 postpaid.-D.H.K. 

MODERN ORGAN IC FI N ISHES 
By R. H. Wampler 

, 

A IMED at furthering the knowledge 
of industrial finishing methods, 

this book is particularly timely in the 
light of the fast-dawning day when the 
appearance of a product as determined 
by its finish will count on the competi­
tive market. Characteristic of the en­
tire book is its straight-forward hand­
ling of the complex organic finish field 
Where high-flung formulas and 30-
letter names might have been used 
the reader will find practical, usable 
data that shoul<:{ aid in selecting both 
materials and methods to match a spe­
cific set of finishing problems. Enamels, 
lacquers, varnishes, stains, fillers, and 
primers are thoroughly covered as are 
spraying, dipping, roller and knife 
coating, tumbling, and special processes 
such as decals.  From the production­
flow standpoint the drying equipment, 
handling racks, overheads, conveyors, 
and other facilities are adequately dis­
cussed. Sample treatments for all of 
the more common finishing j obs on 
wood, paper, metals, plastics, and so 
on are also included. (452 pages, 6 by 
9 . inches, 77 illustrations, index and 
bibliography.) -$8.60 postpaid.-E.F.L. 

ASTRONOM ICAL 

O BJ ECTIVES, ' OCULARS 

PRISMS, FLATS 

I nstruments Desig ned 
to Your Specifica tions 

"* 
Write for 

Descr iptions a n d  
Price List 

"* 
B RA N D ON S C I E N T I F I C  

D EVE L O P M E N T  A NEW YORK CORPORATION 

P. O. Box 85 Malverne, New York 

EQUATORIAL MOUNTING 
C'omplete with slow 
motion worm and gear. 
Heavy cast iron base, 
1 �'4" polar axis - $40 
up. Descriptive liter-
ature on request. 

PYREX 
M I RROR KITS 
Complete with glass 
tool .  5 abrasives, rouge, 
pitch, and aluminized 
diagonal. 4" - $4.00 
6" - $5.25 8" - $7.75 
1 0" - $13.00 12" -
$23.00.  
send for catalog list-

. ( ing Reflector Kits, 
Eye - Pieces, Lenses , 
Lens Blanks. etc. 

DAVI D  WI LLIAM WOLF 
334 Montgomery Street Brooklyn 25, N. Y. 

RAMSDEN  E Y E P I E C E S  
1,4" _ Ih " _ 1 "  E.F.L. standard dia. "1%" O.D. 

each $ 5 . 1 0  - immediate delivery 

EQUATORIAL MOUNTINGS 
Combination Eyepiece and 

Prism Holder 

Mi rror cel ls with ring for tube 

Prisms highest quality 
p rices and catalog on request 

C. C. YOUNG 
2S Richard Road East Ha,rtford S, Conn. 

5 · I NCH OBJ ECTIVE $59.50! 
B rand  new cemented v i sua l  achromat 
5" dia .  25" F.L .  unmounted, perfect. 
Write for complete i n formation.  

A NTHONY COTTONE 8. CO.,  
63 GRAND ST., N .  Y. 1 3, N .  Y. 

ASTRONOMICAL 

T E L E S C 0 P E S 
& SUPPLIES  

Tel escoopes K i ts D r ives 
M ounts J;:ye Pieces Tri pods 
Cast ings I- I'noers F i g ufing 
Tubes Achromat. Panchronlzlng 

MIRRORS MADE TO ORDER 

*** Quality OUR MOTTO *** 
PROFESSIONAL SERVICE AVAILABLE 

Write for Cata,logue and Price List 

ASTRO T E L ESCO P E  COM PA N Y  
P .  O .  Box 1 365 - Glendale 5 ,  Calif. 

Display Room - Erb f:r Gray 
854 S. F igueroa St.-Los Ange les, Ca l i f. 

SCI ENTIF IC AMERICAN OCTOBER 1946 



Te l e s co p t i c s 
A Month ly Depa rtment for the Ama teur  Telescope Ma ker 

Conducted by ALBERT G. INGALLS 
Editor of the Scientific American books "Amateur Telescope Making" 

a nd "Amateur Telescope Making-Advanced" 

Two FEATURES of a 12%" reflecting 
telescope built by Edward Lenard, 

4854 N. Austin Ave., Chicago 30, Ill., 
deserve close study by readers who 
plan second or subsequent telescopes. 
These are the mirror cell and the focus­
ing arrangement for use in celestial 
photography. 

The mounting (Figure 1) is tem­
porary. Its axes are close pipe nipples 
pivoting in standard pipe flanges. 

Figure 1 :  Lena rd's 1 2 h "  reflector 

The tube is 15%" by 93",  for a 
12 %" Pyrex mirror of 92%" focal 
length. It was rolled up from sheet 
aluminum designated as 3S%H .065 
(3, alloying composition ; S, wrought; 
%H, one-half hard; .065, thickness in 
inches) ,  a grade which takes welding 
well. However, the three lengths com­
posing the tube are riveted together. 
The tube is braced internally by four 
U -channels formed in a hand brake 
and then bent to diameter over various 
round obj ects. "The reasons I chose 
aluminum," Lenard writes, "are its 
very desirable working properties, re­
sistance to . weather, heat-conducting 
qualities, reflectivity, and strength­
weight ratio. It is somewhat expen-

F igure 2: The ce l l  from below 

sive. However, it makes a pretty tube." 
The cell and attachments (Figures 2 

and 3) are made of the same sheet 
stock. Within the cell is a 9-point flo­
tation system carried on a spider of 
six legs bent from sheet and welded 
at their common center. 

To three of these spider legs are 
attached short brass blocks through 
which three bolts (SAE % -20) pass 
and are tightened up by nuts on the 
outer sides. 

Silver-soldered to the ends of these 
three bolts are Sfs" ball bearings. These 
balls are pressed into the %" triangu­
lar, aluminum, 3-point plates which 
carry the mirror, and the depressions 
serve as the primary pivots. Bolted 
through the corners of the respective 
plates are 3/16" . brass bolts on which, 
as secondary pivots, the mirror is car­
ried. 

Such a system will float a mirror but 
the triangles would soon become turned 
in different directions and destroy the 
intended distribution of weights. Some 
kind of preventers therefore must be 
provided and these must not interfere 
with the actual balancing. Lenard's sys-

F igure 3 :  Same cell from above 

tem consists of three links, each with 
a T-head on either end and the ends 
of the T's pivoted at the central hub 
of the spider and at one of the tri­
angular plates. This affords them free­
dom in the up-and-down plane (one 
degree of freedom) but there must also 
be a little end play and thus two de­
grees of freedom are needed. Lenard 
has provided this by composing the 
stem of each link of two small brass 
tubes. one telescoping within the other. 
He points out, however, that for ideal 
performance a ball-and-socket joint 
should be substituted at the triangle 
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end and makes a comparison with a 
ship, where the motions are theoreti­
cally either pitching or rolling but 
usually are a composition of the two­
yawing. Theoretically, he points out, 
the linkages should permit yawing. 

As edge supports for the 12%" mir-

F igure 4 :  The focusing mechon ism 

ror the ends of the six filister-head ma­
chine screws shown in Figure 3 suffice. 
"The inclined mirror then has two 
points to rest on in any position and in 
some , positions three," Lenard states, 
"though the lower one in such cases 
takes most of the weight." 

To prevent the mirror from falling 
out of the cell when the tube is dipped 
below the horizontal, three simple re­
taining fingers having little leather 
pads reach around its edge. 

Lenard's focusing arrangement is 
shown in Figures 4 and 5. He states 
that perfect control is here not easy to 
attain. "The problem of raising and 
lowering the barrel without rotation 
and without sticking was solved," he 

F igure 5 :  Focusing  the camera 

states, "by using at least two points to 
which to connect the hinge. This ar­
rangement comes up and down evenly 
and without sticking, and affords very 
fine adjustment as well. The single 
thumbscrew actuates the whole system. 
The travel of the barrel is not more 
than 3;S".  I use various lengths of 
brass tubing to suit the focal length of 
each eyepiece and changing over thus 
does not require . refocusing. [Parfocal. 
-Ed.] The reason for countersinking 
the assembly is to permit mounting a 
Packard shutter directly below, on the 
inside of the tube, for photographic 
work. This shutter is operated by a 
bulb. The entire assembly was made 
by hand from brass and aluminum." 

P UZZLED readers often ask this de­
partment why Pyrex telescope 

blanks have · tapered edges and why 
t�ey have a narrow rim on the back. 
These features don't just happen and 
are not mere whims. Corning Glass 
Works was asked for a blueprint of 

1 9 1 



�A qgyJ 
<:::::7 ��SCO 

A Popular Illustrated 
Astronomical Monthly -

For amateur astronomers - new star 
charts, Gleanings for telescope, makers, 
page for observers, and celestial photos. 
Star charts for N. and S. Hemispheres. 
$3.00 a year, domestic ; $ 3 . 5 0  in Canada 
and Pan-American Union ; $4.00 foreign. 
Single copy, 30 cents. Sample on request. 

SKY PUBLISHI N G  CORPORATION 
Harvard Observatory, Cambridge 38, Mass. 

TELESCOPE MAKERS 
Quality materials o f  the RIGHT kind. 

6" Klt : - - Glass, abrasives, pitch, rouge and 
instructions . . . . . . . . . . . . . . . . . _ . . . . . . . . .  $ 5 . 00 
LENS GRINDERS. pitch. abrasives ' "  $5.00 H 0 BBYG RAFS ..... I N FO R MATIO N -I N S  P ECTIO N 
We offer you the benefit of our 26 years of 
experience at this hobby. Free price list. 
John M .  Pierce, 11 Harvard St., Springfie ld ,  VI. 

ALU M I N IZING 
SURFACE H A R D E N E D  COATI NGS 

6" 
8" 10" 

The Best 

1 2 % "  

Get 
- $2.50. 

3.50 
5 .00 

- 8.00 
24" 

14" - $ 1 4.00 
16" - 1 8.00 
18" - 21.00 
20" - 24 .. 00 

$30.00 

LEROY M. E .  CLAUSING 
5507-5509 Lincoln Ave. ChiCG!J(> 25, III . 

REFLECTING TELESCOPE K.ITS 
O U R  SPECIALTY 

PARABOLIC' PYREX MIRRORS made to Order, 
correctly figured" polished, and parabolized. Precise workmanship guaranteed. Prices on request. 

WE DO P()LISHING, PARAB0LfZING, AND 
ALUMINIZING. 

Send for FREE ILLUSTRATED CATALOGUE 
M. CHALFIN OPTICAL COMPANY 
G. P. O. Box 207, New York, N. Y. 

COMPLETE H IGH GRADE KITS 
OUR SPEC IALTY 

Each kit has two glass discs 
( correct thickness ) tempered 
pitch, 8 assorted abrasives 
including rouge ( fewer may 
110t give perfect optical sur­
face ) ,  illstructions, F R E E  
ALUMINIZED DIAGO­
NAL, etc. 

4" Kit . . . . . $ 3 . 5 0  Pyrex, $4.50 
6" Kit . 4. 5 0  Pyrex, 6.00 
8" Kit . 7.50 Pyrex, 10.00 

10" Kit . 1 2 . 5 0  Py(ex, 1 7 . 5 0  
1 2 "  Kit . . 1 8.00 Pyrex, 2 5 .,00 

PRISMS 1 1 / 1 6 "  $2.50, 1114" $3.15, 2" $1.50 
Pyrex speculums made to order. Your mirror 
tested free. We do polishing and parabolizing. 

A L U M I N I Z I N G  
A harder and brighter aluminum coating that is 
uniform and produces a lasting and superior re .. 
flecting surface. Guaranteed not to peel or blister. 

6" . . . . . . . . . . . . . . . . . . . . . . . . . . . . $2.50 
8" . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  $3.50 

1 0" . • • . . . . . . . . . . . . . . . . . . . . . . . . .  $5.00 

Mirrors for Cameras, Range Finders 
alld other optical instruments. 

Write for FREE PRICE LIST 

THE PRECISION OPT ICAL CO. 
1001 East 1 63rd Street, N .  Y. 59, N.  Y. 

one of their metal molds and from this 
a reproduction draftsman redrew Fig­
ure 6, which should be studied in de­
tail before reading on. It explains a 
number of things which make sense 
once you are shown their reasons. 

Now let's cast a blank. The plunger 
is raised and the ring is lifted off. The 
workman, known as the "gatherer," 
pours into the mold a gob of molten 
Pyrex. This is not like water but vis­
cous, molasses in January, even at 
2800 0 F., its softening point. Now he 
claps on the heavy ring part and down 

+ 6�f-
VARIABL� i DISK _ _ _ _ _ _  m _ _  • j 

_1'-\_-3-0-------� 
FI 

PLUNGER l� 
GLASS 

RING J 
Nr'--------->-, 

MOLD 

Fig ure 6: Mold ing Pyrex b lonks  

comes the plunger. It  is  nice if, when 
the plunger is all the way down and 
the mold is filled out, the plunger bot­
tom comes to rest as shown-very near 
the level of the rim. Making it so de­
pends on the estimative skill of the 
gatherer and he is very good at this 
knack but is only human. If it is a 
bit over or under he can't add more 
Pyrex with an eyedropper; it's too vis­
cous. Get it hotter? Easier said than 
done. The softening point of Pyrex is 
already much above that of common 
varieties of glass. 

The molded disk is removed from 
the mold very soon and turned over. 
Its exterior is already relatively cool 
but its interior, seen through the glass, 
is still red hot. As this interior cools 
the center of the wider face of the disk 
falls a little and this explains the slight 
concavity usually found on Pyrex 
blanks. 

The 6 0  tapered side is the draft, so 
that the ring can be slipped off-£ee 
the drawing, which also shows a 30  
draft o n  the part that lies i n  the mold. 

Visit Corning Glass Works and you 
may be shown several shelves filled 
with these heavy metal molds. 

The bubbles often found in Pyrex 
blanks would rise and escape if Pyrex 
were not so viscous. The bubbles you 
don't see are the bigger ones that were 
able to escape. Little ones can't rise 
so easily. Case of surface-volume ratio. 
No practicable way to eliminate all the 
bubbles is known. Corning would be 
glad to find one but it isn't as if they 
hadn't given the problem a great deal 

. of thought. 

S EQUELAE of the seldom curable tele­
scopical addiction are sometimes 

serious, and may even include out­
bursts of light verse. The following is 
how the hobby affected M. J. Irland, 
916 N. Rosevere, Dearborn, Mich. He 
entitles it "Paradise Lost, or Ignorance 
is Bliss," and dedicates it to your (bliss­
ful) scribe: 

There was a man in days gone by 
Who loved to watch the skies. 

He'd learned the constellations well, 
With his unaided eyes. 

He bought a book called "A.T.M .• " 

A first edition slim, 
And set to grinding disk on disk 

With diligence and vin}. 
With windshield glass and pocket lens 

The optics he completed, 
And learned to silver Brashear's way, 

Through trials oft repeated. 
With joy he gazed at Saturn's rings, 

Made lunar observations, 
Watched Jupiter's bright satellites. 

And noted occultations. 
Then "Telescoptics" told of tests 

On Lyra's double star; 
He drooped with disappointment when 

He couldn't split Mizar. 
So back to Carbo, glass, and pitch 

He turned in wounded pride, 
With "A.T.M." (edition two) 

Well rouge-stained, by his side. 
With slits and Ronchi gratings, culled 

From Telescoptics' pages, 
He strove to get the doughnut shape 

Commanded by the sages. 
Came "A.T.M."-edition three-­

With Greg and Cassegrain; 
Ot].r hero could not well ignore 

This challenge to his brain. 
On Hindle sphere, paraboloid, 

And convex hyperbolic 
He lavished rouge, and sweat, and tears, 

. In frenzy diabolic. 
Edition four, with bottlenecks 

In declination shafts, 
hnpelled him in despair to learn 

All metal-working crafts. 
But when he thought he'd made a 'scope 

Without an imperfection, 
"A.T.M.A." depressed him into 

Deep and dark dej ection. 
For there he found expounded, 

As a matter most essential, 
New doughnut mathematics 

In equations differential. 
So, weary but undaunted, he 

Performed manipulations 
For testing astigmatic curves 

And spheric aberrations. 
At setting circles, clockwork drive, 

And domed observatory 
He labored with the fury of 

A fiend from Purgatory. 
But when he'd run the gamut, in 

The hope of satisfaction, 
Infinitesimal defects 

Still drove him to distraction. 
No longer did he scan the skies 

To revel in their beauty; 
Det�cting telescopic faults 

Was his fanatic duty. 
Instead of watching clusters for 

The pleasure of their glitter, 
He studied star diffraction rings, 

Despondent at their jitter. 
The seeing made him grind his teeth, 

Air currents plagued his vision. 
No collimation could attain his 

Notion of precision. 
And as he sat with head in hands, 

Bystanders heard him mutter: 
"I'm gonna junk the whole dam' works 

And throw it in the gutter." 

The moral for beginners is: 
Lest knowledge disconcert you, 

Recall the aged maxim, viz., 
What you don't know won't hurt 

you. 
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J UST  PUBLISHED ! 
WHAT INDUSTRY OWES TO CHEMICAL SCIENCE 

A Symposium 
You need not be a chemist, physicist, engineer or college student to focus your interest on the accomplish­
ments of this most mysterious and nevertheless supremely logical science-chemistry_ There is hardly any 
industry which did not use with advantage its inventions and discoveries_ 

Fifty-three excellent authors contributed their best to this book which is as interesting as a novel and has the 
highest cultural and educational value not only for technical men and students, but also for every reader of 
good books. 

Every chapter is a fascinating story of the contributions of chemical discoveries to the development of a most 
important industry serving our comfort and raising our standard of living. 

CONTENTS : Agriculture ; Food ; Water Supplies &. Sanitation ; Pharmaceutical Products ; Soaps, Waxes and Gly­
cerin ; Disinfectants, Antiseptics and Preservatives ; Technical and Other Chemicals ; Dyestuffs ; Textiles ; Pulp and 
Paper ; Synthetic Resins and Plastics ; India Rubber ; Photography ; Coal and Its Products ; Heavy Chemicals ; 
Minerals and Metals;  Building Materials, Mortar, Cement ; Transport, Ship-Building and Dockyards. 

3 72 Pages Illustrated $5. 1 0  postpaid. 

• 
EMULSION TECHNOLOGY - Theoretical and Applied 

A Symposium 
Second Enlarged Edition 

The application of emulsions in many industries and technical processes is discussed in this car,efully compiled 
symposium. A new section has been added on the theory of emulsions in which all current conceptions have 
been compared and dis,cussed in detail ; the reader is given a clear picture of the viscosity, surface-film, sur­
face-tension, phase-volume, solid particles, adsorption, hydration, oriented-adsorption, oriented-wedge and electro­
kinetic theories and of their contribution to the explan ation of the various phenomena of emulsification. 

A special feature of this new edition is a comprehensive list of emulsifying agents divided into the following 
categories : Anion Active Agents, Cation Active Agents, Non-Ionic Agents, and Miscellaneous Emulsifiers. This 
alphabetical list includes trade names, chemical composition, emulsion type, references, manufacturer and recom­
mend�d uses of the emulsifying agents. 

Besides this new information, the book includes authoritative data on methods of formulation of many practical, 
commercial emulsions in the field of drugs, cosmetics, beverages, foods, polishes, waxes, coatings, paints, etc. 
It also gives valuable information concerning the patent literature on emulsions. 

CONTENTS : Mechanism of Emulsification ;  Fundamental Principles of Practical Emulsion Manufacture ;  Use 
of Highly Dispersed Emulsions in the Treatment of Toxaemic Conditions ; Emulsions in the Patent Litera­
ture ; Industrial Emulsion Formulation; Desi,gn of Emulsifying Machines ; Effect of the Mode of Preparation 
on the Dispersion of Soap-Stabilized Emulsions ; Problems Connected with the Preparation and Application 
of Emulsions Used in Agricultural Spraying ; Observations on a Typical Food Emulsion ; Emulsions and Emul­
sification in the Wool Textile Industry ; Stability of Emul sions in Thin Films ; Emulsion Paints; Emulsions in the 
Leather Industry ; Rubber Latex ; Physical Properties of Dispersions of Asphaltic Bitumen ;  the Theory of Emul­
sions ; List of Emulsifying Agents. 

377 Pages 

• 
GERMAN FOR THE SCIENTIST 

Peter F. Wiener 

$6.60 postpaid. 

This handy volume will teach the elements of scientific German to those who need this knowledge for employing 
German publications in their research or development work. It is divided into four parts, and includes a 
vocabulary for greater ease. Its simple and direct method of approach makes this book idealy suitable for 
a te��ook of the German language for students of college, chemistry and physics. 

Part I gives a brief summary of the grammatical and constructional difficulties, and the elements of scientific 
German, with useful hints to avoid these difficulties. 

Parts II and III embrace passages in German taken from chemistry and physics literature, All passages con­
tain basic words occurring in scientific German and are interesting not only from the linguistic, but also from 
the scientific viewpoint. At the end of each extract there is a vocabulary of the most important words occurring 
in that passage, and there are occasional references to the grammatical introduction. 

Part IV includes the complete, but not always literal, translation of all German passages of Parts II and III, 
which enables the student to check his translation efforts. 

250 Pages $3 .60 postpaid. 
All prices subject to change without notice. 

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



Gasoline takes doctors on their heal­
ing rounds . • •  brings visiting nurses 
to the bedsides of the sick • • •  trans­
ports patients, medicines and equip­
ment to hospitals • • •  enables travel­
ing clinics to serve remote hamlets 
with the /inest of medical care. 

... - ., ... .. � 

The nation keeps healthy on gasoline 

B
EFORE medical knowledge and skill can be put to 
work, the distance that separates doctor and 

patient, home and hospital, must be bridged. Over 
the years automotive transportation has progressively 
shortened this distance. Better fuels and better en­
gines have helped the nation benefit more widely 
from the great advances that have been made in 
medical science. 

Gasoline costs less today than it did twenty years 
ago. Yet, by developing new refining methods and 
using antiknock fluid made by Ethyl, oil refiners 
have been able to improve its quality time and time 
again. And each improvement in gasoline quality has 
made possible the development of more powerful, 
more efficient engines that provide better and more 
economical transportation for everyone. 

As in the past, progress in automotive transpor­
tation still depends largely on how well engines, fuels 

and lubricants can be improved in relation to each 
other. That is why the engineers in Ethyl's research 
laboratories work in close cooperation both with re­
finers who use our product and with automotive 
men who are engaged in designing engines to utilize 
the extra power available in better gasoline. 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 

More power from every gallon 
of gasoline through 
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