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MEET YOUR NEW NEIGHBOR ••• 

Java stands right at the crossroads of one of the most exciting corners of the 
world. It is one of the string of important stepping stones to Asia and the East 
-steps that include the magic sounding islands of Madura, Sumatra, Borneo 

and the Celebes. T hese help make the bridge from Australia to our own Pacific 
outpost, the Philippines. Today Java is Jap held. Tomorrow the Japs will be 
blasted out of there. Hallicrafters shert wave radio equipment in the first assault 
wave will help do the job. T he day after tomorrow Hallicrafters will help intro­

duce Java into the widening circle of new, world neighbors. On that day, and 
through this medium, new knowledge, new understanding will help secure the 
peace we're fighting for. Hallicrafters radios, constantly refined under fire of war 
will be ready for the peace with the finest short wave radio equipment available. 

hillli[rilftl!rs RADIO 

Here is a Hallicrafters 15 tube, six band com .. 
munications receiver with on amazing range 
and capacity. Right now all of Hallicrofters 
production goes into war communications 
equipment. But the time will come when you 
can own a set like this, a set that has been tried 
cnder fire end refined and perfected to the 
highest degree. Keep on eye on Hollicrafters 
to k�ep yov in touch with the exciting new 
world to come. 

THE HALlICRAFTERS COMPANY 
Manufacturers of Radio and 

Electronic Equipment 
CHICAGO 16, U. S. A. 

BUY A WAR BOND TODAY I 
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What are EXACT 
WEIGHT 
SCALES 
Used lor? 

In one short l1U)nth, one industry 
alone, the metals industry bought 
EXACT WEIGHT Scales for the 
following operations: abrasives, 
grains, tube parts, nuts and bolts, 
snaps, powdered metal, aircraft pro­
peller packing, laminations, blade 
bushing, grease in bearings, precious 
metals, stoker blade castings, con­
necting rod�. These operations in­
cluded parts counting, testing, bal­
ancing, and ingredient compound­
ing. Every month we sell these fa­
m9US precision industrial scales for 
more and more ·diff.erent uses • • • 

proof 'we believe that doing it by 
weight is more accurate and faster. 
Write for details covering your 
problem. 

THE EXACT WEIGflT SCALE COMPANY 
6S W. Fifth Ave. Columbus 8, Ohio 
Dept. Ad., 1104 Bay St., Toronto, Canada 

For Scientific and Technical Books 

Try our BOOK DEPARTMENT 

SCIENTIFIC AMERICAN 

MAN 
WITH IDEAS! 

Financially strong, completely 
equipped plate and sheet - metal 
plant -in metropolitan area offers 
unusual opportunity to man who 
can both suggest products and find 
markets for plant's potential ca­
pacity of S million dollars annually. 
Can fabricate: from No. 16 gauge to 
%" any metal, and are willing to 
spend substantial amount of money 
for tooling if necessary. Box 214 
Equity 113 W. 42 St., N. Y. 
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Previews of the Indastrial Borizon r 
WBA T  A B O U T  P B E F ABBI C A T E D  1I0USE S? 

, HE ESTIMATE of a potential demand for one million private 
dwellings per year for at least five years after the war (this 
page, rebruary 1944), still holds. If the building industry 
meets this demand; it will climb to a peak considerably higher 
than ever in the past. But there are many problems that must 
be solved first and not the least of them is the economic one of 
funds available by the average ,prospect for a new home 
versus increased labor 'costs that will undoubtedly remain at 
high levels after the war. 

Some' people look to the prefabricated-house industry to 
furnish a large part of the answers, Let's glance first at 
the cost of the labor that goes into the construction of a mod­
erate cost home. Reliable figures show this to be orily about 
8 percent of the total purchase priCe. So, from a labor stand­
point, prefabrication has only a small part of the whole to 
work on .. Then it is found that the building itself, the "rough 
and finished structure, " Ilccounts for orily 47 percent of the 
purchase price, afi(� this includes the cost of labor on this part 
of the job. Since prefabrication cannot affect land costs, street 
improvements, excavation and grading costs, and the like, it 
can be expected to prove its worth on orily a part of the total 
problem. 

. 

The probabilities are that the advantages which prefabri­
cation can offer to the industry and the home buyer will be 
summed up in better houses for a given cost rather than 
greatly lowered cost for a given quality. Production of unit 
wall and roof sections, of standardized, bathrooms and 
kitchens, of insulating procedures and heating equipment 
will first make available soundly engineered homes at mini­
mum cost for architectural consultation. Then, wheri such 
production can be placed on a mass basis and a demand 
can be created, there can come "produc.tion-line " economies 
that will have some effect on final costs. 

Considering every side of the question, however, some of 
the claims of the advocates of prefabrication must be taken 
with a, whole shake:fful. of salt. When they talk of savings 
up to 50 percent of the total, they are talking through their 
hats. But when they point out that, through prefabrication, 
homes can be quickly erected, wall surfaces can be prefin­
ished, sturdier homes can be provided where required, they 
have' points that are. worth studying. 

But, lest the deep-end beckon too strongly, i� must be re­
membered that the horizon of prefabrication will not glow ! wit4 a bright, rosy hue, until mass buying makes mass pro­
duction a possibility. 

CLEA R E B  P L AITS 

IF WAR-NECESSITATED industrial plant construction has done 
nothing else, it has brought home forcefully the fact that 
clean plants, attractively designed, tastefully landscaped 
without and decorated within, are worth the slight extra 
:cost and trouble that these features entail. Community pride 
:is developed thereby, workers are happier, and the overall 
picture is brighter. 

Industrial engineers are heeding this trend, foresee its 
spread to post-war remodelirig of existing buildings. In­
cluded will be more attention t,o personal facilities for em­
ployees, dust and dirt elimination and collection, air condi­
·tioning, and other details that will react to the benefit of alL 

All T B A'EL T O.OB B OW 

, IN ALL the talk of post-.war weekends. in China, mid-week 
excursions for big-game hunters in Africa, and all the other 
possibilities of commercial aviation tomorrow, let's not get 
too far ahead of ourselves. The aviation industry is going 
to make great strides in passenger carrying. That much is 
beyond question. Speed of air travel is going to climb far 
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beyond that of pre-war aviation, airports 'are going to be 
available all over the world, aviation will be less affected 
by weather. But air travel is still going to be expensive 
except where time is of great importance. The average vaca­
tioner and pleasure traveler will still be largely earth­
bound, depending for transportation on motor car, train, 
and ship. This is not to say that the aIrlines will not be 
patronized. They will. But they will not, at least for a 
long time to come, carry more than a small fraction of the 
traveling public. 

C O L D  II T B E  B O M E  

ONE COMPANY that is planning to get in on the ground floor 
of a relatively new industry after the war is Westinghouse. 
Already they are conducting field tests on types of fr!!ezing 
units for home use, designed not only to freeze home-grown 
foods but also to keep commercially frozen foods for ex­
tended periods of time. 

Such freezing units will tap a new market, a market al­
ready conditioned by the spreading use of frozen-food lockers. 
And the extenSive use of freezing units in the home will 
make many changes in the whole' food industry. Foods will 
be more generally bought in large quantities for storage 
until used, necessitating revision, to some degree, of distribu­
tion methods. All in· all, home freezing units have a. bright 
future and one that should be closely watched for its effects 
on other industries. 

W O O D  AID FUB l ITU B E  

I F THE Wood Office Furniture Institute has anything to say 
about it, metals, plastics, and other materials are not going 
to take much of the market away from that part of the indus­
try whlch they represent. Already post-w� models of desks 
and chairs have been produced, featuring improved design, 
adaptability to personS of different sizes, adjustable footrests, 
suspension-hung drawers moving on rollers, and so on. Truly 
the horizon brightens for the desk-bound exeCutive and his 
staff. 

F O B  F U T U B E  B E F E BEICE 

SYNTHETIC rubber will have at  least three post-war years 
in which to prove itself for civilian use before importl of 
natural rubber can be rebuilt ... And don't forget that politi­
cal considerations will have definite effects on the whole rub­
ber picture. .. Alumintun has a calculallilg gleam in its eye 
as it watches development of uses for itself in the electrical 
industry, where its lightness and relatively high conductivity 
can be used to good advantage., . . Highway engineering 
in the future will demand trained per$oimel instead, of the 
part-time working 'engineers of the past; new highway con­
struction will be on a higher plane ...  Executives in metal­
working industries who have not irivestigated the possibili­
ties of metallizing may be missing a bet ... Man-made gems­
sapphires and rubies especially-that have been developed 
for industrial uses may adversely affect the gem market in the 
not far distant future ... The paint industry is one that will 
quickly get back into peace-time stride, since reconversion 
offers practically no problems except in the line of containers. 
... Forward-looking business men are giving serious thought 
to re-employment of handicapped veterans; more should do 
the same without waiting for' war-end. ' 
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Why Tomo 
'IlIA 

WITH the coming of Victory, rust will no longer 

limit the life of window screens to a few short 

years. Corronizing, a new armor against rust, will 

make possible screens that say "Keep Out" four 

times as long before rust destroys them! 

Already tested and proved, Corronizing awaits 

only Victory to add to the life and value of hun­

dreds of products. Not only screens, but autos 

and planes ... lawn mowers and tractors ... ash 

Standard Steel 
Spring Company ,. Peacetime producers of automobile bumpers . ' . . '  and springs, precision mechanical coil springs, 

. . '  universal joints, Aoor gratings and stair treads. 

CORRONIZING DIVISION , 
CORAOPOLIS, PENNSYLVANIA 

Victory Is Still Many Dollars Away. Buy More War Bonds. 
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Will Say 
ES AS LONG 

cans, heating equipment, refrigerators and ranges 

... will give up to four times as much service for 

the buyer's money! 

The simple, inexpensive Corronizing process is 

available to all makers of metal products. It was 

developed through years of research by Standard 

Steel Spring Company, long makers of special 

steel products and today a leading producer of 
armor plate, bombs and other war materials. 

7#� 
in Manufacturing, Engineering and Sales 

The Corronizing process is being used on war products 
and is available right now for essential manufacturing. 
When Victory is won, Corronizing of your peacetime 
products wi!! enable you to offer far longer product life 
-far more for the customer's money. On the retail 
counter, the "Corronized" label will be a key to easier 
sales. In manufacturing, Corronizing offers unique pro­
duction advantages. Write jor details. 

I 
• 
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50 Years Ago • • • 

(Condensed from Issues of September, 1894) 

ELECTRIC BLANKET - "A new invention, called by its in­
ventor the thermogen, consists of a quilt containing a coil 
of win� bent in the fashion of a gridiron, inclosed in insulat­
ing and non-conducting material, and embedded in cotton 
wool or other soft substance with a silk or woolen covering. 
The resistance offered by the coil to the flow of an electric 
current through the wire produces heat ... A uniform tem­
perature of about 1500 Fah. is thus maintained." 

BLAST - "A large and successful blast was made July 29 
in the quarries of the American Cement Company at Egypt, 
near Allentown, Pennsylvania. The blast consisted of 22 
charges of dynamite in holes drilled 20 feet deep. There 
was a total of a ton of dynamite. It was all set off simultane­
ously by electricity . . .  It is calculated that the enormous 
amount of 12,000 tons of cement rock was dislodged by the 
blast." 

GLASS MARKING - "M. Charles Margot, of the physical 
laboratory of the University of Geneva ... has found that by 
rubbing on glass with an aluminum point we obtain clear 
metallic lines, which cannot be removed by washing, no 
matter how often repeated. . . An indispensable condition 
is that the 'glass and the aluminum point shall be clean." 

FIRST TO FLY � "On Tuesday, July 31, for the first time in 
the history of the world, a flying machine actually left the 
ground, fully equipped with engines, boiler, fuel, water, and 
a crew of three persons. Its inventor, Mr. Hiram Maxim, 
had the proud consciousness of feeling that he had ac­
complished a feat which scores of able mechanics had stated 
to be impossible. Unfortunately, he had scarcely time to 
realize his triumph before fate, which so persistently dogs 

The Maxim flying machine 

the footsteps of inventors, interposed to dash his hopes. The 
very precautions which had been adopted to prevent acci­
dents proved fatal to the machine, and in a moment it lay 
stretched on the ground, like a wounded bird with torn 
plumage and broken wings. Its very success was the cause 
of its failure, for not only did it rise, but it tore itself out of 
the guides placed to limit its flight, and for one short moment 
it was free. But the wreck of the timber rails became en­
tangled with the sails, and brought it down at once." 

PRESERVATIVE PAINTING - "Graphite, mixed with pure 
boiled linseed oil to which a small percentage of litharge, red 
lead, manganese, or other metallic salt has been added at the 
time of boiling to aid in its oxidation, forms a most effective 
paint for metallic surfaces, as well as for wood and fiber." 

. , 
METAL VIOLINS - "Aluminum violins were explained by Mr. 
Alfred Springer ... He said that sounding boards of aluminum 
were analogous to those of wood, in that they did not produce 
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sec()ndary t()rtes dIscordant to the prime tones. Among the 
difficulties encountered was the fact that the plates had 
to be riveted instead of soldered. He overcame uneven thick­
ness of parts of the violin by sheet metal ribbed and arched." 

INDIAN IRONWORK- "In the last twenty years, the number 
of iron foundries clnd machine shops has greatly increased 
in India, and the country is less dependent on Europe for 
general iron work; importations of wrought iron and steel 
are yearly increasing." 

FLY WHEELS - "The enormous amount of energy stored in a 
revolving fly wheel is strikingly shown when it flies in pieces. 
as one did in the Manville Mills, at Manville, R. I., on the 
morning of the 18th ultimo. In bursting, the wheel destroyed 
two other fly wheels of the same size, 20 feet in diameter and 
25 inch face. The break will cause a shut-down of the mills 
for nearly a month for repairs and the damage amounts to 
$16,000. . . Large pulleys and other machinery above the 
engine room were smashed and twisted into a mass of wreck­
age. Fortunately no one was injured." 

ELECTRICITY AFLOAT -,"There are some'very interesting 
matters in connection with the new steel passenger steamship 
Northwest, of the Northern line, especially in reference to 
the vessel's use of electricity . . .  The vessel is lighted by 
1,800 incandescent globes ... The Northwest's lighting equip­
ment is driven by three direct coupled engines, each dynamo 
having 600 light capacity. The vessel has electric elevators 
between the freezing rooms in the forehold and the kitchens 
and cafe." 

SHRINK FIT - "A method for instantaneously removing iron 
parts shrunk on hot, like a crank on a shaft, has been com­
municated by M. Raffard to the Bulletin Technologique of 
the French Societe des Anciens Eleves des Ecoles Nationales 
d'Arts et Metiers ... M. Raffard recommends that molten lead 
be run round the part to be detached-a method he applied 
with success in removing a crank that had been shrunk on 
a shaft 8 inches in diameter." 

CAST IRON - "Mr. W. J. Keep . . . has for six years been 
trying to verify the belief that sulphur is in every way-in­
jurious to cast iron; and he has made numerous experiments 
with artificially sulphurized cast iron up to 2 percent of 
sulphur, both gray and white. . . The conclusion finally 
reached is that the proportion of sulphur retained by gray 
cast iron cannot materially injure the iron, except by increase 
in shrinkage, which in the extreme ends seems to be from 
0.168 inch to 0.194 inch per foot." 

PRUSSIAN SHOES - "On the late visit of Prince Bismarck to 
the Emperor, the latter called the attention of the ex-Chan­
cellor to the improvement made in the boots of the Prussian 
infantry. This consisted in the displacement of the old fash­
ioned steel nails by nails from aluminum, which is much 
lighter and more durable." 

SOFT COAL - "Mr. C. M. Higginson, an expert Chicago engi­
neer, in a paper on the abatement of the smoke nuisance, 
gave the following rules as essential to good combustion: 
1. A good draught. 2. Open grate bars. 3. Means for supply of 
air above the fire. 4. Means for mixing the air with the vola­
tile gases. 5. Distance in which to complete the combustion 
of the mixture." 

CHROMIUM - "From some new researches of Mr. Henri 
Moissan upon chromium, it results that, through the use of 
the intense heat produced by the electric arc, it is possible 
to prepare fused chromium in very large quantities. . . The 
metal obtained under such circumstances takes a beautiful 
polish, and is not attacked by atmospheric agents. It is at­
tacked but slightly by acids and resists aqua regia and alka­
lies in fusion." 

SPEAKING WATCH- "To get up anything new in the way of 
watches seems difficult ... Mr. Sivan, a French watchmaker, 
established at Geneva, has, nevertheless, succeeded in step­
ping outside of the beaten track in devising a chronometer 
that speaks the hours, instead of striking them, through an 
ingenious application of the phonograph."'� 
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American fighters make sure our big guns are hilling enemy installations. Artillery 'ire control ere. receive· directional data from observers and pass it on to gun cre.s. 
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All Serious-Minded Production ·Men 
SHOULD HAVE THIS FREE BOOKLET! 

FORGING AHEAD IN BUSINESS 
contains a message of particular impor­
tance to production men. This is·your 
opportunity to obtain a copy of this 
famous book, which has been described 
as a "turning point in the lives of liter­
ally thousands of men"! 

Although "Forging Ahead in Busi­
ness" has been distributed to more than 
3,000,000 men, today's timely edition 
was written in the light of recent world­
wide developments. Its 64 pages repre­
sent more than three decades of suc-· 
cessful experience in trdning men for 
leadership in business and industry. 

It demonstrates the method which 
the Alexander Hamilton Institute uses 
to give you immediate help in your pres­
ent position, while preparing you for 
post-war opportunities. Subjects direct­
ly related to the work you are doing 
DOW, PLUS other subjects of fundamen­
tal value to the business executive, are 
cliscussed i1'l the book and placed in 
significant relation to one another. Thus, 
a helpful, over-all picture is provided. 

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

"In thirty minutes this little bofJk 
gave me a clearer picture of. my 
husiness futUre than I've ever had 
hefore." 

• . .  and that represents the opinion of 

the Institute's 400,000 subscribers, in­
clNding 134,000 production men! 

The booklet further explains how ia 
. is possible to offer this essential train­

ing in a minimum of time; how the In­
stitute program fits in with the mose 
crowded of war-time schedules. 

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

Send for 
"FORGING AHEAD IN BUSINESS" TODAY! 
Frankly, this booklet has no appeal for 
the immature mind. It does not interest 
the man. who, for one reason or an­
other, is wholly satisfied fO plug along 
in a mediocre job. But, for the alert, 
future-minded individual-the man with 
ambition and "drive" - "Forging Ahead 
in Business" has a message of distinct 
importance • .  If you feel that it is in­
tended for you, don't hesitate to send 
for a. copy today. Simply fill in and 
mail t�e coupon below. 

Alexander Hamilton Institute 

ALEXANDER 
HAMILTON 
INSTITUTE 

Dept. ,S. 71 West 23rdStreet, New York 10, New York 

In Canada, 54 Wellington Street, West, Toronto 1, Ont. 
:�k:'!11,'�gRG�Nttl'riH�t,Il�· �WsI�Et§'S.,,

64-pa&e 

Name • • . . . . . . . • . . . . . . . • • • • • • • • .  , • . • • • • • . • . • • • • • • ••• 

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

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

. . . • • • • ••• • ••••• 

Position . . . . . . . . . . . . . . . . . . .. .. .... .. ...... .... 0 •••• 

Home Address • • • • • • • . • . • . • • ••••••••••••••••••••••• 

"(J,uotu · . 
" 

"TELEVISION broadcasting facilities 
today are within reach of approximate­
ly 25,000,000 people, provided receivers 
were available. " James H. Carmine, 
Vice President, Phi.lco Corporation. 

II II II 

"IT IS EASY to see how calamitous it 
would have been a century ago to have 
been satisfied with conditions as they 
then existed. We may feel superiOT 
to our primitive ancestor who did not 

. know that the mud at his feet would 
some day be converted to aluminum 
and permit his descendants to fly, but 
we cannot be sure that future advances 
will not make us seem equally back­
ward." Dr. George O. Curme, Jr., Vice 
President, Carbide and Carbon Chemi­
cals Corporation. 

II II 1/ 

"PUBLIC EXPENDITURE for new con­
struction after the war should be lim­
ited to projects for which there is need 
in terms of the direct products of con­
struction and not employment." Wilson 
Wright, Armstrong Cork Company; . 

1/ II II 

"FOR THE PERIOD for at least five 
years after the war the military market 
will contribute the major proportion of 
the (aviation) industry business." E. E. 
Lothrop, Director of Research, Aero­
nautical Chamber of Commerce. 

1/ 1/ II 

"I SUGGEST a fifth freedom-freedom 
to manage your own affairs unham­
pered by needless controls, as a neces­
sary adjunct to the Four Freedoms," 
Walter S. Tower, President, American 
Iron and Steel Institute. 

1/ 1/ " 
"WE DON'T WANT to s.et up a WP A 
for small businesses. We want companies 
to give uS their plans and policies for 
reconversion. I am 100 percent in favor 
of helping them, but not running them." 
Chairman Donald M. Nelson of the 
War Production Board. 

" " /I 

"A VIRTUAL VACUUM of all kinds of 
electrical appliances has developed, and 
it will take months to stock distributors 
and dealers once production has been 
resumed, to say nothing of meeting the 
urgent demands of the pUblic." James H. 
Carmine, Vice President, Philco Corpo­
ration. 

1/ 1/ 1/ 

"THERE ARE MANY startling develop­
ments of the war that will be adapted 
to consumer purposes in the post-war 
period. However, in the early stages be­
fore tools can be built, demand estab­
lished, and cost gotten down on these 
new products, the primary-if not the 
almost entjre-dependence for commer­
cial activity and employment oppor­
tunities must be on the old pre-war 
products or on minor variations of 
them." L. R. Boulware, Operations Vice 
Chairman, WPB. . 
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Conducted by F R ED P. PET E R S  

Courtesy Linde Air Products Company 
Billets for .seamless steel tubinq. after beinq name cut to correct lenqth and 
lined up side by side. are quickly centered by an oxy-acetylene cuttinq blowpipe 

FlulDe Filled Fulure 
Ox,-Acelylene Flames, Once Thought 10 Bave Exlremely Limiled Uses, are 

Branchiug Oal as Versatile Tools in Ihe Melal-Working Induslry. They 

are Being Used 10 Cui Threads, 10 Work Ihe lardesl Sleels, 10 Correci 

Warpage, for Surface Bardening, aDd in a Humber ofOlher Applicalions 

By DA N I E L  MI N TU R N  

WAY BACK in .the gay nineties when 
more than 90 percent of modern 

metals fabricating methods had yet to 
be born, the oxy-acetylene blowpipe 
was a familiar sight in every railroad 
repair �op, manufacturing plant, and 
steel fabricating yard. Strange to relate, 
during the last 40 years thousands of 
methods engineers have written off the 
blowpipe as a tool which had long since 
reached the narrow horizons of its field 
of usefulness. Yet during this war the 
blowpipe has accomplished the impos­
sible so many times that nobody any 
longer tries to guess where its horizons 
may be. The tool whose abilities every­
body knew, has become the tool whose 
futur� nobody gUesses. 

The trouble is, nobody can tell which 
uses of oxy-acetylene flame are new de­

·velopments of this war, and which are 
really mere extensions of old tech­
niques. 

Cutting cast iron is an example. Any 
well thumbed old textbook will tell you 
that the oxy-acetylene flame cannot cut 
gray iron castings successfully-the 
graphite in the cast iron is. refractory 
enough toward heat so that it shields 
the iron areas against the temperatures 
at which they will burn, and some of the 
oxides melt at higher· temperatures than 
the iron itself. Nevertheless, cast iron 
has been cut successfully for the past 
several years. The amount of preheat­
ingis greater than for low carbon steel 
(low carbon steel is the easiest ferrous 
metal to cut), the flame is given an 
excess of acetylene which helps to keep 
up the preheating, the cutting tempera­
ture is higher, but, most of all, the 
torch is moved so that it takes a series 
of moon-shaped bites, keeping hot slag 
and molten metal washing down 
through the cut and adding to the pre­
heating. Used mostly to remove dam-
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aged parts of castings or to cut vees 
in broken castings preparatory to weld­
ing in the pre-war days, the blowpipe 
now is one of ·the commonest foundry 
tools for removing risers and other 
extraneous metal from castings. 

Another of the "impossibles" was torch 
cutting of some of the stainless steels. 
Here the flow-of-slag method has been 
borrowed from cast iron cutting tech­
nique. Each piece of stainless is sand­
wiched between two plates of readily­
cut low carbon-steel. The cut starts in 
the low carbon steel and washes its way 
down through the stainless. The sand­
wich can be a double decker, or triple 
-alternate layers of low carbon and 
stainless can be built up for the stack 
cutting method. 

One of the oddest things in the oxy.,. 
acetylene picture is the number of "in­
siders" who don't realize how the blow­
pipe art has cut through its old bonds, 
and therefore don't see what is going on 
around them. 

FLAME-CUT THREADS-:-The editor of a 
prominent technical journal, for ex­
ample, overheard two engineers talking 
about cutting threads with ftame. He 
approached to talk to them, only to 
have them escap_e in the crowd. The 
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publicity man for an equipment maker 
likewise had never heard of this. But 
thread cutting for lead screws has been 
done with flames since 1932. It origi­
nally developed from deseaming-the 
removal of flaws or seams from the sur­
faces of steel. Often a seam or fault 
would be caused to go spirally around 
the surface of a round bar, the accuracy 
of pitch of the spiral being produced 
by the evenness of the speed with which 
the bar passed through the rollers in 
the steel mill. In flame-gouging this 
seam, so that a flawless bar might be 
finished, the oxy-acetylene torch nat­
urally was made to follow the accurate 
pitch of the seam itself, and therefore 
to cut a' groove which looked like a 
coarse lead screw. 

Accordingly when lead screws were 
wanted for special conditions, and did 
not need to be too accurate, on more 
than one occasion the flame was used to 
cut them. Accuracy could be gained 
by making several passes with different 
blowpipe heads to get different shapes 
of flame. Often the lead screw was cut 
and hardened in one operation. 

How accurate the cutting of threads 
with flame has become, and how fine 
are the finest threads being cut, is one 
of those secrets which will come out 
after the war. But the accuracy of flame 
cutting in general is far higher than 
most engineers envision. 

In cutting off low carbon steel, for 
example, precision flame cutting equip­
ment can maintain the following'toler­
ances in day-by-day production: 
Stock to I" thick, plus or minus 0.003" 

" " 2" " " "  0.010" 
" " 4" " 0.0175" " " 6" " 0.0312" 

',:Wghly *illed operators, who know 
how'to keep their machines in adjust­
ment; can do much better than this. 
These figures are safe ones-safe for 
machini!"mi;lkers to cite when they are 
not too sure of the skill of the operators 
who will use their machines. 

As in all metal-cutting operations, the 

Courtesy Air Sales Reduction Company 

higher the accuracy the slower the 
work. Nevertheless, in making cuts 
which ordinarily would be made on 
milling machines or planers, a single 
flame-cutting head can remove from 
500 to 1800 pounds of soft carbon steel 
an hour. How this compares with the 
best that machine tools using cemented 
carbine tools can do today is not known; 
but in pre-war practice the flame cut­
ting was. 200 percent to 300 percent or 
more faster than the best of other 
cutting tools, provided the cuts to be 
made were suitable for flame methods. 

On harder steels the differences were 
even greater. Comparative figures were 
being compiled when Pearl Harbor in­
terrupted the research. But, for quite 
a few steel types, the harde,r the steel 
the greater the speed differential in 
favor of flame machining. 

All flame-machining men like to make 
it clear that flames are not likely to 
drive 'other cutting and fabx:icating 
methods out of business. Flames are do­
ing remarkable work in their own fields, 
but they cannot do everything. They 
can, for example, rough plane a steel 
plate, preparatory to finish grinding, if 
a further smoothness is needed, but 
they cannot finish plane it. (Or, at least, 
not yet.) 

Flame heads are like other tools. They 
can be varied to change the sizes, 
shapes, directions, chemical effects, and 
to some degree the temperatures of the 
flames. They can be equipped with 
spraying or quenching devices which 
keep down the temperatures of the 
work areas. And they can be ganged. 

One example of ganging is the rip­
trim cutting of plate edges preparatory 
to welding. For this, three flame heads 
are ganged on a planer. By being W"­
rected at suitable angles, two of these 
heads bevel off the top and bottom cor­
ners of the plate edge, while the third 
cuts off the shax:p apex where these two 
cuts meet at the middle of the plate 
edge, this cut leaving a. "nose." As a 
result, when two edges of these plates 

CourLesy Air Company 
Tank sprOcket teeth are flame hard. 
ened. then water quenched. to 1m. 
part hardness and wear resistance to 
withstand grinding against the treads 

are abutted for welding, two small vees 
are provided instead of one large one to 
be filled up with the welding rod, and 
the weld is perfurmed with half the 
consumption of rod that was needed for 
the old-fashioned single deep vee. 

Another example is in contour cutting. 
As originally done, a single blowpipe 
followed the entire contour of the piece 
to be cut from flat or other stock. Now 
two or more blowpipes attack simul­
taneously at various parts of the con­
tour, getting the work done much faster. 
In some cases several contours are cut 
simultaneously from the same piece, 
as when an outside or peripheral con­
tour, an inside or "hole" contour, and 
several piercings from the remaining 
or "rim" stock, are to be produced. 
Machines which perform several oper­
ations at one time usually have full 
electrical controls operated from highly 
complex panels. The limits to the future 
of their development are nowhere in 
sight. 

MANY CUT AT ONCE-Parts to be cut 
on contours are quite commonly 
stacked and thus many are cut at one 
time. The contour may be sketched right 
on the stack, and followed by hand. 
However, for high production a tem­
plate or other permanent guide is pro­
vided, and the machine follows this, the 
flame head being guided by some form 
of pantograph mechanism. 

Often the primary guide is a simple 
steel pointer which is manipulated by 
hand to follow a line on a drawing. 
Other models use power to run the 
guide around a template, or to cause it 
to follow a track or to cling to a mag­
netized path. 

One of the latest devices employs a 
photoelectric cell which, by intex:pret­
ing variations in light, will cause the 
guide to follow a drawn line. 

The details of some, of the best of 
these controls are not being released at 
the present moment. When military 
secrecy is abolished, the art of flame 
cutting of contours will be found far 
advanced from its prewar days. 

A conveyorized eight·torch flame hardening machine at work on tank grousers 
Flame hardening of surfaces is an­

other old practice which is becoming 

104 SCIENTIFIC AMERICAN SEPTEMBER 1944 



brand new. It is safe to say that our 
military tank production program-the 
first in the war to cross its peaks and 
suffer cutbacks-never could have been 
carried out at all if flame cutting and 
hardening techniques had not been 
available. 

Size is no deterrent to the flame 
hardening of parts. Small parts may 
be hardened, thin sections hardened 
without warpage or destructive strains, 
or small S€ctions of large parts hard­
ened locally while leaving the re­
mainders soft. 

The hardening process may be that 
of heating the steel through its critical 
range and then quenching in air, water, 
or oil, or may include a degree of car­
burlzing. 

NEW ABILITIES DiSCOVERED-All this 
was known before the war. But the 
war brought out the real abilities of 
flame hardening in short order. 

Railroad switch frogs, for example, 
always had been made of manganese 
steel. Manganese gave the steel tough­
ness with which to take the beatings 
and the shocks from fast rolling, heavily 
loaded wheels. But when shortage 
of manganese came to the steel mills, 
flame�hardened carbon steel frogs were 
tried. So well have these "emergency" 
frogs stood up, that some railroad men 
believe manganese types may never 
come back. 

In the meantime flame hardening 
had to be brought to the nicest degrees 
of control, so that duplicate results 
would be obtained. Modern processes 
control the temperature, the volume of 
heat applied (B.t.u.) ,  the pressure, 
depth of heating, and time of applica­
tion. Going on from ., there, the tem­
perature of the quench and the draw 
(heating, quenching, and drawing may 
be performed in one operation) were 
controlled. 

The hardening .process was brought 
to the work instead of the work of the 
furnace. Ways and bearing surfaces 
were hardened on machine tools, fol- ' 
lowed by quenching either with water, 
with water and compressed air to ' form 
a mist, or with compressed air alone. 

Control goes to such extents as to 

Courtesy Linde Air Products Company 
Rip-trim cuitlnq of plale edqes prior 
to weldinq them is done wiih ihis 
unit wiih three qanqed flame heads 

Company 
Pantoqraph controlled machines of 
ibis type are widely used for auto­
matic flame cuttinq of steel plale 

harden the odd teeth-numbers 1, 3, 5, 
and so on-on a gear in succession, then 
the even ones, to avoid over-hardening 

. at the root of any tooth. Gears and 
other parts may be stacked for hard­
ening, a row of teeeth on several gears 
in a stack being hardened, then the fol­
lowing row. In many cases water 
sprays are used to keep cool the parts 
that are not to be hardened. 

Thin parts which had warped while 
being h�rdened in furnaces-worms, 
shafts, and shear blades, for example­
formerly had to be discarded. Now a 
touch of flame is given to the high spot, 
the top of the bend. Often the flame 
is applied for only one second to a spot. 
Nevertheless the heated metal, trying 
to expand and being held by the metal 
around it, will upset and shrink .when it 
cools, pulling the piece into straight line. 
This takes a sklIled operator, but in the 
case of some welding operations the 
straightening becomes a repetitive task 
and a less skilled operator can perform 
it. 

Long, flat plates or other pieces will 
warp as the result of welding, or. from 
concussion or other violence. They 
can be straightened in this way. Bor­
rowing a page from the book of · the 
flame hardener, automatic quenching 
sprays are being applied around flame 
heads to keep the temperature of . the 
heated metal down to 600 degrees, Fah­
renheit. or so; this permits the flame 
straightening of galvanized sheets s41ce 
the zinc does not melt or give off 
dangerous fumes until it is at 75 0 de­
grees, Fahrenheit. 

The shrinking and upsetting action 
from spot heating will raise "welts" on 
steel surfaces. Produced in carefully 
controlled bands or areas, these can be 
used to reduce the bores-or the con..; 
tact areas of bores-of sleeves which 
have been made oversize, or to increase 
the effective diameters of shafts which 
must fit such bores. 

Flame brushes are used to remove 
scale, rust, and moisture from steel sur­
faces before painting. The result of this 
is to present a clean, dry, warm sur­
face to which priming coats bond with 
unusual smoothness and tightness; the 
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paint dries from the inside out ' instead 
of from the outside in. 

As results of these techniques, oxy­
acetylene blowpipes are found where 
steel is cut, welded, soldered, brazed, 
hardened, repaired, or painted. Plant 
after plant is piping oxygen to large de­
partments from central distributing 
points, as ordinarily as a management 
runs water pipes or electric wires. 

What the industrial future of oxy­
acetylene will be-where it will meet 
surprise displacements by other war­
developed processes and where . it will 
surprise its own practitioners by the 
things engineers have learned to do 
with it-nobody knows right now. But 
one thing is sure: Although it is one of 
the oldest techniques, oxy-acetylene is 
to have one of the newest industrial 
beginnings. 

IfEW . LEAD C'OATUIGS 

Give Corrosion Resislance 

To Sheel Sleel 

T HE CORROSION resistance of lead and 
its alloys has in the past been utilized 
chiefly in products made from lead 
sheet, pipe, and so on. In recent months, 
however, new lead alloys and fluxes 
have been developed that permit the 
rapid, uniform, and highly effective 
coating of steel with lead alloys; the re­
sulting products possess the strength 
and light weight of steel plus the corro­
sion resistance of the lead. 

·The alloys, developed by The National 
Lead Company, contain small amounts 
of tin and have excellent working prop­
erties, including improvement in their 
hardness on aging. They can be handled 
in present hot-dipping equipment of the 
usual type and are being applied with 
economy of money and materials and 
excellent service results to such diverse 

. items as gasoline tanks, radiators, oil 
containers, boat brackets, air':condi­
tioning ducts, convection heater coils, 
radio housings, metal fencing, farm 
equipment, and so on. 

POWDER METALLURGY DEVELOPMENTS 

Involve Copper-Coal.. Sleel 

and Alaminam Bearings 

Two RECENT developments in the appli­
cation of metal powders in the fabrica­
tion of mechanical parts are significant 
from the standpoint of post-war metal­
working. 

One is the use by the Navy's Metal 
Process Section (under R. G. Olson) , of 
a copper-coated steel powder and a ' 
braze-sintering process in making gears 
and other parts that must be shock re­
sistant, highly precise, and made in large 
quantities. The copper-coated powder 
is pressed to shape in the usual powder 
metallurgy presses but, inst.ead of " sin­
tering" the parts in the usual way, the 
Navy heats the briquettes to a copper­
brazing temperature (about 20 00, Fah­
renheit) in a hydrogen atmosphere; the 
copper melts and forms a cementing 

(Please turn. to page 134) 
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ELECTBOHICS Conducted by K E'I T H  H E N N E Y  

Electronic Counting 

A NY moving objects capable of inter­
rupting a light beam or of produc­

ing an electrical pulse can be counted 
electronically. If the objects are on a 
moving conveyor belt, the beam is 
simply directed across the top of the 
belt at the proper level for inter­
ception. It is aimed . at a phototube 
which is connected through an ampli­
fier to an electromagnetic counter. If 
the objects are cosmic particles bom­
barding the earth, electrical pulses are 
produced by catching these particles in 
a metal can called a Geiger counter, 
and the pulses are fed into an all-elec­
tronic counter that ticks off the count 
by means of blinking lamps. 

Electronic counting is most appre­
ciated in connection with objects that 
for some reason must not or cannot be' 
touched during the counting process. 
Examples are counting of . freshly 
painted objects, fragile glass objects' 
like radio tubes, sterile articles, delicate 
sheets of paper moving at high speed 
through printing or folding machines, 
unwrapped foods and meats, people or 
animals passing a given point, flashes 
of light su�h as those due to flashover 
on generators, and irregular-shaped or 

A Ifewly Developed AU·Eleclronic Counler Decade How Makes Possible 

Accurale Counling al Bales up 10 a Million Objecls per Second, Surpassing 

Mechanical and Eleclromagnelic Counters in Accuracy and Versalility. 

II Can be Applied 10 a Wide Bange 01 Induslrial Counling Jobs 

light-weight objects that could not 
readily be positioned to actuate me­
chanical counters reliably. 

One industrial application is count­
ing the actual output of a punch press 
where feeding conditions are such that 
the press may now and then operate 
without material, making a count of 
plless operations inaccurate as a pro­
duction figure. 

Whether electronic counters are pre- , 
ferable to simple mechanically actuated 
counters or to lever-operated switches 
serving electromagnetic counters de­
pends upon production conditions when 
it comes to products outside the un­
touchable category. Consideration of 
electronic equipment for any counting 
job is certainly justified, however, in 
view of the wide variety of existing 
commercially successful applications. 
These include counting of automobile 
running boards, connecting rods, tire 

casings, refrigerator parts, steel ingots, 
billets, bars and sheets (both hot and 
cold) , mica sheets, logs, b.Qttles, beer 
cases, sacks of sugar and bags of candy, 
tea, and cocoanuts, to mention just a 
few. 

Electronic counting removes the ac­
curate-positioning requirement of other 
methods because the object can inter­
rupt any part of the light beam. The 
cost of an installation in many in­
stances is under a' hundred dollars since 
packaged electronic units made by 
mass-production methods are suitable 
for most jobs. Maintenance is no prob­
lem because there are only a few radio 
parts in the equipment in addition to 
the automobile-type lamp in the light 
source, the photo tube, and a few radio­
type vacuum tubes. 

SIMPLICITY PLUS- Electronic counters 
/ of various types have been in use for 
many years, principally for such re­
search, purposes as counting cosmic 
rays, b�t this essentially experimental 
equipment has generally been both 
bulky and costly. A simple electronic 
counter, developed recently by John T. 
Potter of Potter Instrument Company, 
shows every promise of meeting indus­
trial demands for a "streamlined" 
model that is economical to manufac­
ture and dependable under a wide 
variety of conditions. It should find 
definite applications in fields where the 
characteristics of electromagnetic or 
mechanical counters place operating 
speed limits on associated machinery 
or apparatus. 

A suitable number of the basic 
counter decade units (one for each 
digit in the maximum quantity to be 
counted) can be readily connected to 
appropriate input circuit accessories for 
any particular mdustrial application. 

At relatively slow countinq rates. such as are encountered in thIs Westinqhouse 
conveyor instaIlation. a Uqht source and photohibe unit mounted on opposite 
sides of the conveyor provide an accurate count of cartons or other obiects movinq 
past. reqardless of quite wide variations in their sizes. shapes. or relative positions 

The counter decade uses a minimum 
number of parts and tubes to represent 
the numbers from 0 through 9. Various 
combinations of four numbers may be 
used to constitute a full decade, such 
as 1-2-2-5, 1-2-3-4, 1-2-4-8. The last­
combination, 1-2-4-8, is a binary pro­
gression that may represent the .num­
bers 0 to 16 if properly used. 

The binary system is well adapted 
to electronic counting. A series of 
trigger circuits may be connected in 
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such a manner that two pulses from 
one circuit may caul\e one operation of 
the succeeeding circuit. The binary 
system of notation is difficult to inter­
pret, however, since all of us have been 
educated to interpret numbers by the 
decimal system. For this reason it ' is 
necessary to introduce a method of 
stopping the binary counting progres­
sion at the count of ten and resetting 
the electronic counter to zero. This is 
accomplished easily and automatically 
by two feedback capacitors in the new 
counter. 

The counter decade comprises four 
stages, each employing an ordinary 
dual-triode , vacuum tube (such as a 
6SN7, 6N7, 6J6, and so on) arranged in a 
trigger circuit in conjunction with an 
indicating neon lamp. The basic func­
tioning of all stages is alike, and is de­
pendent upon shifting of operating 
potentials back and forth between two 
sets of values each time a signal pulse 
enters a stage. 

Each stage, then, has a neon lamp 
and two tube sections which, for con­
venience, can be designated as the L 
section and R section. Only one tube 
can conduct current at a time, and the 
neon lamp can glow red only when the 
L section conducts. Each electrical 
pulse fed into the stage causes a 
switchover from one tube section to the 
other. Thus, if the R Section is initial­
ly conducting and the neon lamp is out, 
the first arriving pulse will block the 
R section and make the L section con­
ducting, so the neon lamp comes on. 
The next pulse will restore original 
conditions and put out the lamp, with 
this process repeating itself for suc­
ceeding pulses. 

In a complete counter decade for 
providing a count of 10, four stages are 
used end to end. Each time the neon 
l!mlp goes out in a stage (due to switch­
over from L section R section) , the 
stage sends a pulse on to the next stage. 
The resulting blinking of lamps during 
a .long series of incoming pulses looks 
pretty confusing, since it takes two 
blinks of one lamp to make one blink 
of the succeeding lamp, but the beauty 

. and efficiency of the system becomes 
readily apparent if the lamps in the 
four stages are numbered 1, 2, 4, and 8 
respectively in the binary , system. As 
will be seen later, the number assigned 
to each stage is equal to the number of 
pulses required at the input of the de­
cade to make the neon lamp in the 
stage come on the first time. 

HOW COUNT IS MADE-The manner 
in which four neon lamps ' can give 
a count up to 10 is shown in the draw­
ing. For zero all lamps are out, as 
indicated by dark circles, and hence 
the R sections are ' conducting in all 
four stages. The� first pulse turns on 
lamp 1 and we count one, as indicated 
in the second horizontal row. The 
second pulse puts out lamp 1 and turns 
on lamp 2 so we count 2. The third 
pulse turns on lamp 1 but does not af­
fect lamp 2 (remember, . only when 
lamp 1 goes out does stage 1 send a 
pulse to stage 2) ; two lamps are glow­
ing, SO we add the,ir values to get a 
count of 3. The next pulse puts out 
lamp 1, sending a pulse to stage 2 to put 

out lamp 2, and this stage in turn sends 
a pulse to the next stage to turn on 
lamp 4 and give a count of 4. The pro­
cess continues in the same fascinating 
manner through a count of 9. 

For its tenth operation, the decade 
must transmit ·a negative pulse to the 
succeeding decade and must reset to 
its original zero ' condition as required 
by the decimal system. This means 
that the tenth pulse must put out all 
lamps. The count of 10 in the binary 
system calls for lamps 8 and 2 being 
on, hence lamp 1 (on for the 9 count) 
will go out automatically. Forced re­
setting therefore means putting out 
lamp 8 and preventing lamp 2 from 
coming on. This is ingeniously accom­
plished with two capacitors, as, follows: 

After the ninth pulse, the left-hand 
sections are conducting in both stage 1 
and stage 8. , When stage 1 is reversed 
by the lOth pulse, a negative pulse ob­
tained in this stage is fed through a 
capacitor to stage 8, putting out lamp 8. 

In an essentially similar manner, a 
pesitive p�se obtained from stage 8 
during the forced switchover of this 
stage is fed through another capacitor 
to stage 2, where it completely over­
whelms the negative pulse fed into this 
stage from stage 1. Since the lamp for 

Pu l s e  Stoge Stoge Stage Stag" Count 
N o .  I '  2 4 8 
0 ® ® ® ® ' - 0 

CD ® ® ® - I  
2 ® CD ®., ® �. z 
3 CD CD ® . ®. 1;+ 1 = 3  
4 ® ® CD  ® . � 4 
5 CD ' ® CD ', @ ' 4 + I • 5' 
6 ® CD CD ® . .  4 + 2  - 6 

7 CD CD CD ® 4 + 2 .+ 1 ' 7  
8 ® ® ® CD .' 8 
9 CD ® ®' (D 8 + I • q 
10  ® ® ®  ® Forc.d r.s,1 10 0 

How neon lamps on counter panel 
indicate count. S" text description. 

stage 2 was out after the ninth impulse, 
it therefore stays out. All lamps are 
thus out for the count of ten ' (or zero) , 
with one pulse being fed to the next 
decade (where the first lamp w()uld 
represent 10, and the others 20, 40, and 
80, respectively) .  

An unusual feature of this type of 
counter decade is the ability 1:0 operate 
at pulse rates ranging all the way from 
above 100,000 times per second down 
to as low a rate as desir�d, with no 
substantial chailges in circuit constants. 
It is only necessary to provide a nega­
tive pulse at the input that is approxi­
mately the correct strength and shape. 
When sine-wave input exists, as from 
an oscillator that is started and, stopped 
at the beginning and end respectively 
of the interval to be measured, a single 
multivibrator stage is generally inserted 
between the oscillator and the decade 
input for pulse-shaping purposes. 

MANUAL RESET-The counter' decade 
may be reset to zero manually by mo-
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A complete electronic decade usinq 
four miniature tubes. The neon Indi. 
catinq lamps are remotely mounted 

mentarily pressing a push-button 
switch, then selected counters may be 
turned on before a count. If, for ex­
ample, lamps 2 and 1, or a C1;)unt of 
three, are turned on manually, then the 
output will operate when seven pulses 
have passed through the counter.. In 
this manner, the future performance of 
a counter may be rendered predeter­
mined. 

In the case of welding timing, the 
counter may be operated from the 60-
cycle power frequency, and after a pre­
determined reset will count the exact 
number of cycles going into a weld. In 
the same field, the counter may be used 
as a cycle counter to check present 
timing equipment. 

One of the widest present uses of 
electronic counters is in the field of 
interval timing. In this application, a 
crystal-controlled oscillator frequency 
is fed into the counter by an electronic 
switch or gate operated by initiating 
and terminating pulses from the time 
interva1. With five decades and a 100,­
OOO-cycle crystal, intervals up to one 
second can be read with an accuracy 
of 0.01 percent for a full-scale reading. 

Many variations of this type of coun­
ter may be usefu1. For example, an 
accumulated count may be used with 
fewer decades to indicate , whether a 
watch is fast or slow, from the 5-cycle 
on and off beats of a watch. A pre­
determined number of beats can be 
used to switch the counter on and off, 
giving an accumulated reading that 
would average out any errors caused 
by irregularities of the watch rate. 

Camera shutters or exposure timers 
can readily be tested by using a counter 
to indicate the accuracy of timing of 
the spring movement. 

The connter used as a chronograph 
can be applied in practically all cases 
that at present use soine graphic 
recorder for recording a time interval 
against a time base, with the advantage 
that the time interval will be directly 
and immediately indicated on the panel 
of the counters. 

Most counters used as scaling circuits 
in radiation counters up to the present 
have not had a resolution time com­
parable to the resolution time of the 
counter tube. The electronic counter 
just described has a resolution of 
0.00001 second and can readily be made 
to have considerably higher resolution. 
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The basic part " of most calculators is 
s" mechanical counter decade. Substi­
tution of an electronic decade should 
give much greater sPeed and may re- "" 
sult in a less expensive method of add­
ing, lubtracting, dividing, and multiply­
ing, especially in business uses. 

The electronic counter offers a 
method of increasing the rate of cir­
cuit selection, now generally done by 
stepping relays as in dial-telephone 
opera.tion. A series of ra.pid pulses may 
be transmitted over a line for almost 
instantaneous selection of a desired cir­
cuit. 

Electronic counters will provide an 
accurate count when objects are mov­
ing through the light beam of a photo­
tube system at rates higher than can be 
handled by a mechanical counter. Elec­
tronic counters can handle any count­
ing rates encountered in industry, even 
up to a million objects per second. 
They can increase the operatihg speed 
of such equipment as card-counting 
sorter:;; now limited by the speed of 
mechanical counters. 

Many industries use the technique of 
ratio-weighing. A very fast counter 
used with a sorter and photoelectric 
pickup would give " greater accuracy, 
especially in instances where a varia­
tion occurs in the density of the 
materia.! in the article being sorted. 

The electronic counter thus promises 
to become an important tool for use in 
many fields. Undoubtedly its develop­
ment will stimulate thinking directed 
to a multitude of additional uses. 

ELECTIONIC THERMOMETEI 
Ulilizes BesislaDce 

CeefficieDI of Li'lDid 

A NEW temperature measurement and 
control system utilizes an electronic 
arrangement to provide a much lower 
heat lag than most conventional types 
of temperature controls used on heating 
systems. Another advantage is that the 
system permits 4ldications of tempera­
ture to be made at distances of several 
hundred feet from the " controlled point. 

Operation of the instrument depends 
on the extremely high temperature co'­
efficient of resistance of some organic 
liquids. A small glass bulb containing 
two thin wire electrodes is filled with 
the . thermometric liquid and an alter­
nating voltage applied to the electrodes. 
Changes in temperature cause the re­
sistance between the two electrodes to 
change and thereby change the voltage 

fyplcal thermometer bulb deslqnll 

lOB 

of an A.C. bridge circuit in which the 
bulb is connected. 

An electronic amplifier and discrimi­
nator receives the alternating voltage 
and produces a direct current flow to 
actuate a sensitive relay for control 
purposes or an indicating meter for ob­
servation. The sensitivity of the system 
can be adjusted for a ± 0.01 degree, 
Fahrenheit, range of control. The in­
strument was developed by Kollsman 
Instrument Division of Square D Com­
pany. 

BADAl FOI 'rBAIlS 

May Devel.p MaDY 

Safely Appli.calieDs 

A PROGRAM of study and experimenta­
tion in the use of radar and other elec­
tronic devices for train communication 
and control has been inaugurated on the 
Chicago, Rock Island, and Pacific Rail.;. 
way. The plan is to develop a radio 
communications system in the micro­
wave region for use between the. front 
and rear end of trains, in yards between 
yard offices and switching crews, and 
ultimately between ·dispatchers and 
crews of trains enroute. 

Experimentation on the Rock Island 
in the use of radar, particularly in safe­
ty applications, may also have far reach­
ing practical applications in the safe and 
efficient operatio? of trains. 

CAB BOUTIIB 

W.ald he Accomplished hy 

Radio Uader New Plaa 

IF ALL the companies that plan to util­
ize radio equipment after the war are 
allowed to do so by the Federal Com­
munications Commission, the day of 
personal two-way radio telephones may 
soon arrive. Already, railroa.ds and util_ 
ity companies are keeping in touch with 
their rolling stock by means of two-way 
radios and plans are being worked out 
for taxicabs in Cleveland to use such ap­
paratus. 

Cab Research Bureau, Inc., repre­
senting the taxi industry, and the Elec­
tronic Department of General Electric 
Company, are working on plans tP,at 
would make it possible to establish con­
tact with any cab at any place in the 
city, reduce cruising mileage, and elimi­
nate unattended call boxes connected to 
telephone lines. If approval can be ob­
tained from the Federal Communica­
tions Commission, this will be the first 
two-way taxicab radio system in the 
United States. 

ELECTBONICS GUIDES PLANES 

Crossed Poialers are , 

Adaaled hy Badio Sigaals 

BLIND landings by planes within 50 " feet 
of a pre-selected spot on runways are 
made possible by an instrument now 

. being built into combat planes and 
training planes. The instrument, shown 
in the photographs, is the indicator of 
an electronic system that is the result of 
seven years of continuous researCh and 
development by Westinghouse Electric 
and Manufact1.l!:,ing Company and the 

Above: Chec:klnq bllnd·landinq ,In· 

struments. The third unit from left 

shows correct position of pointers 

when landlnq. Below: The blind· 

landlnq Instrument is on the panel 
just above the pUot's control post 

Washington Institute of Technology, 
which worked with the United States 
Navy to originate a simplified device for 
taking the guesswork out of blind land­
ings. 

In use, the pilot watches two crossed 
pointers and two signal lamps on the 
instrument. Positioning of the pointers 
is accomplished by two radio receivers 
which pick up directional radio beams 
transmitted by the ground equipment. 
One receiver responds to the localizer, 
or on-course beam, and moves the 
vertical pointer on the instrument dial. 
The second receiver responds to altitude 
signals and actuates the horizontal 
pointer. " 

The ground radio equipment consists 
of four radio transmitters and two an­
tenna systems located near the airport. 
These produce beams which first indi- , 
cate the pilot's approach to the field and 
then mark the field's boundary; estab­
Ush the invisible glide path which leads 
to the runway; - and signal directions 
for keeping the glide to the field neither 
too shallow nor too steep. 

The electronic landing system is in 
daily service at several commercial 
airports as well as on Army and Navy 
flying fields. 
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AVIATION Conducted by A L E X A NDE R K L E M I N  

Airports for America 
Civil Aviation Should Advance Rapidly Afler Ihe War. Seme Six Thousand 

Airports will he Needed and Ihe Initiative. also Mosl of Ihe Developmenl. 

Should . he Local Whelher for Large Cilies. Mediam Cities. er Villages. 

How May Ihe Inleresled Reader Go Alloal Ihat Initiative for his Cily? 

aprons, 1,200,000 square yards-both 12 
inches thick. Estimated cost, $45,000,000 
for the field and $15,000,000 for the 
buildings, including one hangar. This 
estimate of cost is, of course, too low. 
It is much more likely that the cost 
will run to $100,000,000. THE WAR has led to the construction 

of many large flying fields well 
adapted to military needs, but has not 
produced a coordinated system of air­
ports adequate for the real needs of the 
United States. If clvil aviation is to ad­
vance rapidly in the post-war period, 
there must be a national airport policy, 
bold investment of funds, full co-opera� 
tion between Federal Government, 
states, and municipalities, and, what is 
perhaps even more important, the help 
of interested citizens in thousands of 
communities. 

Immense airports will be needed, with 
long runways for the huge passenger 
and cargo airplanes now being designed 
or already in operation-runways 7000 
feet in length. Also needed will be a· 
great number of smaller fields for short­
haul or feeder line transportation. And, 
finally, air traffic will require many 
small fields or fligh� strips if the private 
owner is to make use of the efficient 
and safe, modern planes that will soon 
be at his disposal. 

Charles I. Stanton, Civil AeroJlautics 
Administrator; summarizes these needs. 
There are now 3000 civil airports, of 
which some 900 are suited for heavy 
operation. There will be need for 600 
extra fields immediately after the war, 
and soon thereafter at least 3000 extra 
fields in all, which will bring the total 
number of fields to 6000. Mr. Stanton 
made this estimate partly on the basis of 
there being 6670 communities having 
a population of 1000 or more in the 
United States. 

\yilliam A. M. Burden, Assistant Sec­
retary of Commerce, has estimated the 
investment needed at $800,000,000, or 
about double the present investment. 
Yet this will be only one third of the 
annual eJq)enditure of $2,250,000,000 for 
roads and highways incurred by our 
governmental authorities. Mr. Stanton 
has submitted a financing program 
to Congress whereby Federal funds will 
be apportioned on the basis Gf the area 
of the state, the size of population, the 
number of aircraft in service, and the 
number of airports within a given 
region. The Civil Aeronautics Author­
ity has also established an Urban Plan­
nihg Section to work with local authori. 
ties in surveying and planning. It is not 
sufficient, however, that the CAA put 

forth its best efforts. Local communities 
themselves, not only officials but busi.., 
ness men, merchants, public spirited 
citizens generally, must help in build­
ing up our national airport system. 

AIR TRAFFIC GROWTH-If any city in 
the United States is entitled to · a  series 
of airports, it is New York. About 67 
percent of all Americans who go abroad 
live within · the northeastern regions of 
the United States. When Fiorello H. La 
Guardia started to build the field later 
pamed for him, he was criticized as a 
visionary, yet La Guardia Field reached 
the saturation point even prior to the 
war, and during the war it has handled 
in one month 500 large planes. Some 
4000 passengers and 2,500,000 pounds of 
cargo left in one month for the Uruted 
Kingdom and North AfriC<l, Prior to 
the war, La Guardia Field handled a 
million passengers a year. 

New York's new field, Idlewild, which 
also will be in that part of Long Island 
that lies within the limits of New York 
City, is therefore being planned for use 
ten years hence, but in all probability 
it will be congested three years after it 
is put into service. 

The statistics of the new terminal, as 
given to us by Jay Downer, its engi­
neer-designer, are imposing. Area will 
be 3276 acres (at first the figure was set 
at 500 acres, but it was soon agreed that 
this figure was ridiculous) .  Dredging 
and filling . requires 39,000,000 cubic 
yards. Length of drains, 28% miles. 
Length of runways, 14.4 miles. Concrete 
in runways and taxiways, 2,050,000 
square yards, concrete in loading 

tlANGARS 

In spite of the huge task, Commis­
sioner McKenzie hopes to have the air­
port in operation by the end of 1944. 
Hundreds of tons of fill are being 
dredged rapidly from Jamaica Bay. The 
airport will have both long land run,. 
ways and a vast seaplane runway in 
the well protected waters of Jamaica 
Bay. It will be provided with a seaplane 
basin, parking space for helicopters, a 
huge auto parking space, runways ten 
thousand feet long, plane yards, repair 
hangars, 40 hangars to be leased to the 
airlines, the most complete administra­
tion and public facilities, and bus ser­
vices for employees and workmen with­
in the airport itself. With rent from the 
hangars and concessions, and the daily 
sale of 2,000,000 gallons of gasoline, the 
municipal authorities hope that the 
undertaking will be self-supporting. 

FIELDS FOR PRIVATE FLYING-Idlewild 
gives a picture of the airport terminal 
in its most ambitious form. For contrast, 
and because private flying is just as im­
portant in its way as scheduled airline 
operation, a consideration of the small 
field for the private owner is in order. 
Here we are indebted to an excellent 
booklet written by W. T. Piper of Piper 
Aircraft, entitled "What Your Town 
Needs for the Coming Air Age." 

From his writings, addressed to the 
Mayor of any small city, comes this: \ 
" Man of little income, everywhere, is 
going to fly. He will use the large city 
airport if he hasn't a smaller one in his 
own locality. To thin out the congestion 
that would result in excessive use of the 
large airports by private planes, landing 

PI..ANE YAR O  
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_ _ _ _ _ _  _ - -- ------ -New York's new airport at Idlewild will cover 3276.. acres 
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Above: Station plan for a Class 2 
airport. Simplicity plus utility 
are important factors in such air­
ports on feeder lines. Right: Run­
way pattern for a Class 2 airport 

• 

strips and small airports are needed in 
great numbers in the towns and even in 
the vicinity of the larger fields." 

Separate fields for private planes are 
all the more necessary because these 
land at lower speeds than do the large 
planes, and therefore intensify traffic 
problems. Mr. Piper continues: "Every 
town, village, hamlet, and cross road 
should establish its landing area. A na­
tional system of small airports and land­
ing strips must be developed to take 
care of private flying and short-haul air 
transportation. Be sure your community 
is included." 

Certainly many benefits are likely to 
accrue for a community which takes 
care to be included in the airport de­
velopment program. It will be termed 
progressive, there will be more patron­
age for community activities, local mer­
chants will benefit, connections with 
airlines will help existing business and 
industries and may cause new industries 
to locate in the small town or city. 
Moreover, Mr. Piper believes that for 
the small town, limited facilities and 
outlays will be sufficient .. He continues: 

"Landing strips are ideal for the small 
town where immediate requirements do 
not warrant an airport or where sites 
for one are not available. Landing strips 
are recommended for the residential 
sections of larger cities as auxiliaries to 
their municipal airports. A landing 
strip can be laid out as a single 
straight strip or in the form of an L, 
or a T, depending on its location. The 
L-shape and the T-shape strips are the 
most desirable, as they will allow planes 
to land against the wind from four dif­
ferent directions. By all means have a 
landing strip, running into the prevail­
ing winds, even if it can't be more than 
1800 feet by 100 feet. A larger . strip, 
of course, adds safety. One 2500 by 200 
or 300 feet is desirable. A level sod field 
is satisfactory. Each strip should have 
air-marking numerals, windsock, direc­
tion pointer, and corner markers and 
should be close to town and the high­
way." 

Whether in a giant city or in a small 
country town, tla.e right kind of airport, 
located · in the right spot, will come into 
t)eing only if local effort supplements 
or complements the overall planning 
of the Federal Government. In our na-

MGR. 

tional airport program, it is the duty 
of civil leaders everywhere. to co-oper­
ate with the Civil Aeronautics Admin­
istration, perhaps to get in touch with 
William P. MacCracken, . Jr., of the 
National Aeronautic Association, chair­
man of a committee 'which is making a 
special study of the local airport prob­
lem. 

It will also be worth while to consult 
the airlines, which are always ready 
to help. For example, Eastern Air Lines 
has published a fine pamphlet, "Your 
Airport Problems," which, with a fore­
word by Eddie Rickenbacker, contains 
much sense. Airlines will also be glad 
to help in surveys and information. 
Eddie Rickenbacker recommends the 
formation of aircraft planning commit­
tees, charged with the duty of studying 
the probable volume of air traffic, of re­
lating airline facilities with density of 
population, of studying the relationships 
between city centers, of determining 
whether a single j ointly owned airport 
might not serve two or three towns 
better than several individual airports 
of lesser facilities. 

Quite naturally the first duty of the 
local Airport Planning Committee is the 
selection of a site. But such groups 
should be warned that the selection of a 
site is a difficult matter, involving a 
number of factors. The topography of 
the country must be fully taken - into 
account. The landing field should have 
a surrounding area which is at least par­
tially free of obstructions. A stack 130 
feet high would have to be at least one 
mile from the airport if the field is to 
comply with Civil Air Regulations. The 
time required for and the method of 
transporting passengers from the airport 
to the center of the city must be taken 
fully into account. Data must be ob­
tained on the intensity and direction of 
prevailing winds as the best guide to 
the design of the runways. The Plan­
ning Committee should iearn all it can 
on the prevalence of fog, snow, and the 

like. There must be sufficient land for 
expansion. It is odd that no one seems 
fully to appreciate how quickly aviation 
can grow; if insufficient land is bought 
at the time the airport is constructed, 
it may be necessary to spend huge sums 
for expansion afterward. 

RUNWAY DESIGN IMPORTANT - The 
Planning Committee should, in the case 
of an airport of any size, employ com­
petent engineers or architects, but pro­
fessional men do their best work only 
when the employing body knows the 
job in hand well enough to exercise 
critical supervision. Therefore the Plan­
ning Committee should learn som�thing 
of runway location and design. The 
length of runways should correspond 
to the type of aircraft likely to use the 
field. A runway for small private air­
craft need be only half or even a smaller 
fraction of the length demanded for a 
huge airliner. The number of runways 
depends on the prevailing wind condi­
tions, but if . a single runway is the best 
that can be had it should be in fair 
alinement' with the wind direction for 
at least a greater part of the time. 
The longest runway should be in the 
direction of the prevailing wind of 
minimum velocity. 

Secondary airports do very well with 
runways of some 3500 feet. Runways 
should facilitate traffic, and if possible 
there should be two sets of them, one set 
of long ones for airline operation, and 
another set of shorter ones for private 
aircraft. 

The design of airport buildings should 
be functional, and their layout should 
be such as to permit handling either 
passengers or cargo with ease. Another 
sage word of advice from Captain Rick­
enbacker: There should · be segregation 
of passengers from mail and cargo han­
dling, and separation of incoming and 
outgoing passengers. In any field, no 
matter what its size, there must be fa­
cilities for repair, for administration, 
for aids to flying and navigation. Dis­
tance from the passenger loading loca­
tion to the terminal proper should not 
involve excessive walking. 

Civil airports may be divided into 
those catering to scheduled airline op­
eration and those suitable for private 
flying. Some idea has already been given 
of the dimensions required for the 
simple private flying field. Airports for 
transport operation are classified by the 
CAA as follows: 

Type of Community Class Landing strip 
Small community not · on 

carrier system, up to 
5000 population 1800 to 2500 ft. 

On feeder lines, 5000 to 
2 5,000 population 2 2500 to 3500 ft. 

Imponant citles on feeder 
lines and intermediate stops 
on main !lnes, 25,000 to 
several hundred thousand 3 3500 to 4500 ft. 

Major . industrial centers , and 
important junctions or 
terminals on the airlines 4500 ft. and over 
The accompanying sketches of a Class 

2 Airport show the utmost in simplicity. 
The runway pattern is held to the mini­
mum, and runways are simply arranged. 
Loading apron is so placed that a mini­
mum of taxying is required. All ad­
ministrative facilities and facilites for 
handling mail, cargo, passengers, and 
spectators have been lumped together 
into one simple building. Even in such a 
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simple airport passengers are segregated 
from spectators, after leaving the ticket 
window. 

Larger airports may be far more 
elaborate, but the principles of design 
are likely to remain the same. 

It is impossible to quote exact airport 
cost figures. From the $50,000 which can 
give a small community the nice little 
airport sufficient for the needs of a few 
privately owned airplanes, to the $100,-
000,000 of Idlewild there is an infinite 
range of requirements and prices. A 
Planning Committee would do well to 
see how much assistance it could get 
from the Federal or State authorities. 
Then it should estimate the quantities 
involved, such as cubic yards required 
for . grading, square yards of paving, 
cubic content of hangars. Then such 
quantities should be multiplied by unit 
prices prevalent in a given locality. 
The cost of land, the equipment needed 
for 'lighting, equipment costs, insurance, 
architect fees, and many other items 
must be taken into consideration. The 
final cost estimate must be multiplied 
by a generous safety factor. Also some 
attempt should be made to estimate 
what can be earned through leasing 
of hangars, by landing charges, and 
from various concessions. 

Aviation has a great future and it IS 
not likely to be hampered by the lack 
of airports aIW more than the automo­
bile was hampered by the lack of high­
ways. But there is every reason why the 
people as a whole should give this mat­
ter of airports intensive thought without 
relying implicitly 'on the Federal Gov­
ernment. Moreover, they should never 
allow the 'Federal authorities to domi­
nate in .construction and operation. Ad­
vice, and allocation of funds on reason­
able assurance of meeting requirements 
should be as far as even a well inten­
tioned body such as the CAA should go. 

BOCKET PBIHCIPLE 

Being Used in a Humber of 

Mililary Developmenls 

BECAUSE the Germans have made strik­
ing use of the rocket or jet principle 
in their so-called "robot" planes it 
must not be inferred that the United Na­
tions are lagging behind in the applica­
tion of such principles. For example, 
the Germans do. not appear to have 
anything to equal the Bell jet-propelled 
aircraft, though they have made sim­
ilar experiments. The Navy has recently 
revealed that the Grumman Avenger 
torpedo planes have been equipped with 
rockets and have sunk submarines with 
such weapons. These rockets, particu­
larly those of the larger size, deliver 
a tremendous blow for their weight. 
The Navy has also revealed recently 
that it has utilized the rocket principle 
in assisted take-offs of heavy, over­
loaded bombers. 

The German .robot plane has a range 
of well over 100 miles. It carries a ton of 
explosives in the nose of the 25-foot 
fuSelage, which has a very small frontal 
area. This means that the robot is heav­
ily loaded per square foot of wing area, 

and must fly fast if it is to stay up at all. 
Since the wings are not to acco�nt for 
take-off and climb, these being supplied 
probably by catapult and ramp, they 
can be small in area and low in aspect 
ratio, which means that the span is not 
so many times greater than the width 
or chord of the wing. 

It is apparent that the .craft is con­
trolled by a gyroscopic compass and an­
other device which actuates the elevator 
and possibly the rudder. The robot flies 
at a predetermined altitude of, say, 
1000 feet. This is no doubt controlled 
by means of an aneroid unit which 
raises or lowers the elevator indirectly, 
or perhaps reduces or increases the 
amount of fuel. 

The range of the robot is likewise con­
trollable, probably by means of an air 
log, in the form on an air-driven pro­
peller which, as it rotates, turns gears 
and brings a device into play which 
terminates the flight after a certain 
number of revolutions. All these con­
trol devices do not constitute direction 
and distance control, since the atmos­
phere still comes into play, and the 
pressure of the atmosphere can vitiate 
the control of the aneroid unit, while 
side or head winds can ruin both diree­
tion or range. 

There remains for conjecture the 
engine of the strange craft. We can 
imagine that the nose of the motor car­
ries radiator-like openings through 
which the air enters, because of the high 
speed, with a certain ram or super­
charging effect. Fuel is admitted to the 
chamber through a simple valve, and 
this fuel can be kerosene or any other 
low grade type. It is probable that an 
electric spark fires the mixture. As 
pressure is built up, the opening at the 
nose of the engine is shut by the pres­
sure, and hence the gases of combustion 
rush out to the rear, producing propul­
sion. When the explosive cycle is com­
pleted, the nose of the engine is again 
opened, air is again rammed into the 
cylinder, the spark ignites another 
charge, and the cycle is repeated so 
rapidly that the sound of the engine re­
sembles the whir of the ordinary air­
plane engine. 

Mote powerful robot planes, with 
radio guidance, may eventually develop 
into a dangerous and significant aerial 
torpedo of real military value, but then 
they will no longer be the simple, in­
expensive device which it is possible to 
turn out in great quantities. 

AIRPOBT SAFETY 

Offers Ferlila Field for 

Ingenuily and Invenlion 

THE FIFTEENTH Annual Safety Conven­
tion of the Greater New York Safety 
Council had interesting sessions cover­
ing safety both in aircraft manufacture . 
and in airplane operation. At the airport, 
in the opinion of Walter T. Johnson, 
Safety Director of American Airlines, 
the major problems . from an accident 
point of view are two-fold. One is air 
and automotive traffic control. The other 
involves the hazards of servicing air­
craft, such as gasing operations, supply­
ing auxiliary power, inspection on the 
ground, and so on. One lesson is that the 
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less auxiliary equipment on the ramp 
and apron at the airport the fewer the 
accidents. 

It is not uncommon at the airport to 
see a clutter of gasoline trucks, air­
conditioning trucks, baggage carts, pas­
senger ramps, and tractors in front of 
the hangars. · In some of the newer air­
port designs, many of these obstacles 
have been removed from the surface. 
For example, pits are being provided 
for the storage of gasoline, for air-con­
ditioning service and the like, but these 
pits have t;l1emselves created electrical 
and moisture hazards. 

A peculiar accident is described by 
Mr. Johnson. The nose of a fuselage 
projected over a pit. The ground ser­
viceman opened the cover and a spark 
from faulty electrical equipment on the 
aircraft caused an explosion of vapors 
in the pit. 

There seems to be a field for ingenuity 
and invention in the safetying of the 
auxiliary equipment of an airport. 

ERGIRE COOLIlIG 

Facililaled by Irew 

Propeller Fall 

No MATTER how carefully cowled an 
aircraft engine may be, the problem of 
cooling its cylinders when working at 
full capacity is a serious one. When the 
aircraft in which the engine is installed 
is a relatively slow one, and is used 
for long-range cruising as are the 
Glenn Martin PBM-3D Mariners now 

It solves the coolinq problem 

on patrol duty in the Pacific, the diffi­
culty is even greater. After experiments 
which go back as far as 1930, Wright 
Aeronautical engineers have made an 
advance in the art of engine cooling 
by the development of a special fan, 
bolted to the propeller and turning 
V{ith it, and a fixed diffuser attached to 
the engine. Both rotor and diffuser are 
riveted assemblies fabricated from sheet 
aluminum :illoy. 

As can be seen from the photograph, 
the rotor has a sheet metal center and 
vanes similar to airfoils or twisted pro­
peller blades around the outer perim­
eter to force added air past the cooling 
fins on the engine cylinders. The dif­
fuser has corresponding vanes so de­
signed as to convert the speed of the 
air supplied by the rotor into pressure 
sufficient to drive the air past the cool­
ing fins. 
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IICIIIEBIKG Conducted by ED W A R  D J .  C L E A  R Y 

Beller Water lor Industry 
LocilioD DetenaiDes lhe Physical aDti Claemic:al Properlies of Water Avail· 
able for ladaslrial Use. ODly Through, lhe AppHcatioD of Ihe Besl TaleDls 
of Ibe C .... sI .... llae Eagiaeer Cn Exisliag Processes b. AppHed 10 Ihe 
Sollllie. of IIQy ldulrial Water Troullies 

EDITOR'S HOTE: In our J1Ule Issue. pClge 
285, appeared an cuticle OIl the genera! 
aspects of weder coudluoiiln9. this aroused 
c:onalderClble Inter .. t and . cdtracted many 
Inquirtes r8CjJarclinq Wedel trea:tments for 
specific Industrial purpOlieB. The present 
article deals with Industrial water treat­
MeRt practice and supplements the Infor· 
matiOD previously pubUsbed. 

WATER is as indispensable to- manu­
facturing and industrial opera­

tions as it is to the maintenance of life 
itself. But, unlike the human body 
which automatically adapts itself to the 
use of water varying over comparative­
ly wide ranges of quality, many indus­
trial processes require specific modifica­
tion of natural waters in order to 
operate sl.lccessfuliy. 
, A classic ex;ample of the importance of 
water quality to industrial processing 
may be cited in connection with the 

. manufacture of Bourbon Whiskey. Ken­
tucky distillers claim that the distinc­
tiveness and superiority of their product 
may be attributed in large measure to 
the use of processed ' water drawn from 
wells that penetrate limestone forma.,. 
tions. It is said that only the wells near 

Louisville produce a water With the 
special attributes needed for the manu­
facture of Bourbon. 

While the peculiar relationship of 
Louisville groundWater to , whiskey 
processing may be debatable, it is a fact 
.that water varies as much in its physical 
and chemical properties as there are lo­
cations from which it is obtaiDable. 

There is no such thing as a natural, 
pure water; even the rain descending 
from the clouds is contaminated by con­
tact with atmospheric ' dust before it 
strikes the earth's Surface. And once 
it touches the ground the rain water 
acquires characteristics of quality that 
reflect everything With which it comes 
in contact. Thus, in a limestone region, 
the soft rain water quickly becomes 
mineralized and ''hard''; in a swamp 

- area the -water displays acid char�c,. 
teristics - and color from decaying vege­
tation; and rainwater that flows across 
a newly tarred or oiled road ab­
sorbs enough phenol to acquire a de­
cided . taste. 

Considering the wide variations to be 
found in terrain, geology, and man­
made culture, it is not surprising, there­
fore, that water quality characteristics 
should be almost Infinite in number, 

Water trecdmeat UDit at a California Iron and steel plant bullt by the Kaiser 
Company, Inc. A complete system of reclamation and purification is used 

varying not only with location but with 
seasonal factors as well. Heavy runoff 
with floods, for example, will cause sur­
face streams to be more turbid in the 
spring than they are during the winter 
months. 

One of the major problems of indus­
try is the need to 'condition water - for 
its specific requirements. Hardly ever 
can an industry so locate its operations 
to take advantage of � water supply that 
ex;actly fits its need. In 'fact, within a 
single industry it may be necesS;lry to 
modify water differently for . each of 
three broad classificatiol1S--'" (l) cooling 
and condensing, (2) processing, and 
(3) steam generation. Even · the moSt 

perfect surface or groundwater sources 
or the supply emanating from a munici­
pal water treatment plant cannot be ex;­
pected to meet all these special needs. 

Vast strides forward have been made 
in this special field of industrial water 
treatment, and there is available today 
equipment and processing techniques to 
fit virtually every need; Depending on 
the use to which water is put and the 
particular quality standards desired 
(see table classifying standards accord­
ing to industry) ,  there are various forms 
of treatment to which it must be sub­
jected. 

FIVE OBJECTIVES---The objectives to lte 
sought, as outlined by Robert T. Sheen 
and Lewis B. Miller, engineers of the 
W. H. and L. D. Betz Company, water 
consultants, are as follows: For process­
ing purposes water must be treated 
for (1) suspended solids and turbidity 
removal; (2) color reduction; (3) hard­
ness and aIkalinity reduction;- (4) re­
moval of iron and manganese; (5) re­
moval or reduction of carbon diox:ide, 
hydrogen sulfide, organic or free mjn­
era'! acids. 

Quality requirements for boiler feed­
waters, they point out, are far less 
stringent for steam produced at . low 
pressure than for steam produced in the 
high pressure units of the power plant. 
There are very definite limitations in 
hardness, total solids, pH, dissolved 
silica, and. so on, in the water used for 
steam generation which must be met 
if operating ·difficulties are to be avoided. 
The higher the steam pressure the more 
rigid and sharply circumscribed are 
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Boiler Feed Water 

0-11IO 150-250 21IO & 
Ih. Ib. up Ih. 

Light Dark 

Pulp I: Papa. 
CarbOn- c..ua. 1 -----------'---- 1 Raw c.....;., at.d Water Water .... Ground Kiaft Soda' Blea<;hed Rayon I .. 

, ... es wood & 
Sulfite 

--------1--- --. - --- --- -. -- --- --- --- --- --- --- --- --. - -- -- --

Turbidity 20 10 5 10 10 10 ' 2 50 .IIO 25 IS 5 5 '20 ---------.,..I--�I-- -- -- -- -. -- --- --- ---. -- -- -- -- -- -- --. 
Color 10 20 f5 10 5 5 10-100 5-20 -------- 1--- --- ---. -- -- -- --- --- --- --- --- --- --- -- -- --
Dissolved OlCYgen' in celliter 2 0 . 2  0 

-----,�----- I --- -- -- -.-- --- --- --- -- -- -- -- -- -- -- -- �  

Color plus 0. consumed in ppm 100 IIO 10 10 
----------- --- -- -,-- ---. -- -- --- -_. - -- -- -- -- -- -- -- --
Odor (or free chlorine) 0 0 0 0 0 0 
�-------- ---- --- --'- --' -. - --- --- --- -- -. -- --- --- --- '-- -- - --
JLS • • 10 5 0 0 . 2  0 , 2  1 0 . 2  5 -------- 1--- --- --- --- --- --. - -- -- -. -. -- -- -- -. - -- -- --

75 40 ' 
Total hardness (Ca Co.) · 

• 8 25 21IO IIO 180 100 100 IIO '  8 50-135 10 
--------- 1--- -'- -- -,- -- -- --- --- --- --- --- --- -

, 
-. - --- --- --

Methyl orange alkalinity · • 711 150 & up 50-100 50 , 30-50 135 ---------j--- -- -- - --- --- --- --- -- � -- -- -- -- -- -- --

Ca 100-200 200-500 ,...-'-------- �--- --- --- --- --- --- -�- --- --- -.-- --- --- --' - -- -' - --
Fe 0 .. 1 0. 1 0 . 2  0 . 5  1 .  0 . 2  0. 1 0. 1 0 . 05 0 . 2  0 . 2  0 , 2  --------d--___,_ -- -- -- -- -- --- --- --- --- --- --- --- ___ -- --
Mn ' 0 . 1 0. 1 . 0 , 2  0. 5 0. 1 0 . 05 , � .05 ._ 0 , 03  0 . 2  0 . 2  0 . 2  
-------- 1--- --- --- --- --- --.- --- --- --- --- --- ---' -- -- --- - --
Fe plus Mn 0 . 1 0. 1 0.2 0.3 0.5 1 0.2 0 . 1  0. 1 0 . 05 0.2 0 . 2  0.2 -------"--- 1--- -- -- -- --, - - -- -- -- -- -- -- -, -- -- -- --
AltO. 5 0 . 5  0 , 05 8 --------- 1--- -- -- -- -- -- --- --- --- --- --- --- --- � -- --

Sio, 40 20 5 '  25 10 
---------,-- 1--- --- --- -. -- --- --- ---. --' - --- --- --- --- -'-' - -- --

, 
--

. o . Cu 5 ---------- I�-- � -- -- -- -- --- --- --- --- � -. - -- -. -- --- --

F 1 1 0 . 2  
---- - --- - -- --- -- -- -- -- -- --- --,- --- --- --- --- -. -- --,- --- --
Co. 200 100 40 -----,,----'----- 1--- --- --- --- --- ---. .  -- -- -- -- -- -- -- -- -- --
RCo, so 30 60 --------- 1 --- -- -- -- --. -- --- --- --- --- --- --- --- --- --- --
OR 50 40 ' 30 8 8 � �  

�
�

�
� � -- � -- -- � � � � � -- --

N-.-,so-"';"'-N-...c-o,-ra-ti-o ---1--l-to-l � 
3 to  

i --, -, -- -- -.-- -- -- -- -- -- -- -- -- --

--------- 1--- --- --- --- --- --- --. - -- -- -- -- -- -- -- -- --

CaSl\ 100-200 2OO-SOO 

8.0 & up 8.5 & up 9.0 & np 6 . 5-7. 0 7.CI & up
-- --- ---· -- -- -- .-- -- -- --' -­

-Pota-'-· -b-i\j-ty------- --- --- --
V.8.T. V.B.T. --u:s:T.". U.B.T. -- -- --

-- -- -- U.B.T. -- ---

Values represent standard A,P,H.A. determinations. • Determination hy Winkler method. U.s.T. means U.B.Tie� standards for drinkilll water • 

Standarcls of water qUality classified as to industrlal app�ODs. From ' data by IDtematlcmal FUter Company 

these limitations. And failure to condi­
tion water properly may resl,llt in boiler 
tube losses at a time when tube replace­
ments are. difficl.llt to secure promptly, 
if. at all. 

Regarding corrosion, Messrs .. , Sheen 
and Miller state that corrosion of fer­
rous materials is caused principally by 
dissolved oxygen, acid conditions, or by 
electrolytic corrosion. There are other 
specific conditions Under. which corro­
sion will result on certain materials. 
Thus a water of high pH value may be 
quite as corrosive as a water of low pH 
value on zinc or galvanizing. Ammonia 
will have a corrosive action on copper, 
copper bearing alloys, nickel, or nickel­
bearing stainless ' steel. Milis using 
process water that occasionally contains 
salt ,or seawater encounter corrosive 

pioneered by the D. W. Haering Com­
pany, for the contrOl of algae and bac­
teria growth as well as for the inhibi­
tion of corrosion. 

Where sedimentation alone is not suf­
ficient . for the removal of finely sus­
pended, colloidal, or coloring matter, 
coagulation is uSed. This process in-. 
vOlves the addition of small amounts of 
an aluminum or iron salt to the water. 
The acid-salt reacts with the alkalinity 
of the water to form gelatinous pre­
cipitates. The latter enmesh the tiny 
particles suspended . in the water, grow 
heavier in so doing and settle to the 
bottom of the tank. This treatment af-

o fords a fairly high degree of cl!irification 
when long and quiescent periods of de­
tention can be provided. 

conditions . due to the salt content. In SAND FlLTER-To secure the utmost in 
many cases the cause of corrosion . in a clarification, a filter is employed follow­
partieular mill may be readily and coJ"- ing coagulation. The filter generally 
rectly attributable to one or more of consists of a sand bed (18 to 22 inches 
the factors described and, by proper in thickness) underlain by several 
correction, substantial reduction in 'the ' layers of graded gravel (tot;illing about 
amount of corrosion may be effected. / 20 inches in depth) . The water contain-

Methods of industrial water trea,t- ing '  finely suspended material and 
ment vary from simple .sedimenta- coagulent floc is applied on the top of 
lion of a supply, secured by quiescent the sand bed, and finds its way thr{)ugh 
storage in a reservoir or tank, to the the sand and gravel to reach an under­
futroduction of complex organic chemi- drain system. The filters may {)perate 
cal conditioning agents at specific points either by gravity How or pressure. The 
in Ahe plant. A typical example of the latter type is housed in a steel shell 
latter technique is to he found in the �, while the gravity How filter is 
applications of cupric chrome glucosate, built in the form on an open, concrete 
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box. Removal of the .foreigp matter in 
the water occurs at the surface of the 
sand bed, which is cleaned periodically 
by backwashing. This 

. is accomplished 
by simply reversing the flow of water 
through the filters; the upward flow ex­
pands the sand beds and then washes 
away . the material on the surface. 

Sedimentation, coagulation, and fil­
tration are processes that remove sUs­
pended matter, turbidity, and cOlor and 
reduce the bacterial content of water. 
The removal of substances that cause 
so-called hardness-principally calcium 
and magnesium salt&'--calls for the use 
of water softening processes. 

Sev.eral methods of water softening 
are in vogue, including �e-soda pre­
cipitation (hot or cold) , and base-ex­
change processes . (zeolite treatment) . 
The cold . lime-soda treatment operates 
on the principle that these chemicals 
added to water eontaining calcium and 
magnesium carbonate, bicarbonates, and 
sulfates will react to form precipitates 
and thus 'settle out in the form of a 
sludge. In the older treatment plants 
this reaction was carried out in an ordi­
nary tank. A much more efficient device, known as a Spaulding precipitator, is 
now available for this purpose. 

The precipitator is a cone-shaped tank 
inside of which is suspended an inverted 
cone-shaped baJJ;\e. With this arrange­
ment and a motor-driven agitator it is 
possible to maintain� "blanket" of pre:" 

113 



cipitated sludge through which incom­
ing water must pass. Thus the water to 
be treated is brought into more intimate 
contact with the chemicals and the re­
sult is a more efficient and economical 
softening operation than that obtained 
in a plain tank. 

A more recent development is the 
Spiractor, a device by means of which a 
catalytic agent is used to accelerate 
softening reaction. The Spiractor pro.:. 
cess employs a conical shaped tank 
slightly more than half filled with fine 
granules of calcium carbonate catalyst. 
Raw water enters the bottom of 'the 

'Ml:��===;:::::;=;1�-=I� SOFTENED - WATER OUTLET 

ORAW"OFF --""-­
VALVE FOR 
ENLARGED 
CATALYST 

RAW WATER I NLET 

The Spiractor cold lime softening 
process developed by the Pennutit 
Company. Water enters at the bottom 
of , the tank, circulates upward 
through a bed of granular catalyst. 
.and emerges as softened effluent 

tank through a special fitting containing 
a tangentially ' dispqsed nozzle. Through 
another opening in the fitting, the pro­
portion dosage of lime suspension is 
pumped. This mixes with the upward 
swirling water, the flow rate of which 
is high enough to maintain the granular 
bed in a suspended condition and low 
enough to avoid carrying any of the 
granules over the top of the tank. 

The immediate contact of the chemi­
cally treated water and the suspended 
catalyst granules greatly accelerates the 
softening reaction between the added 
lime and the hardness content of the 
water. Relatively insoluble reactIon 
products are formed while the water is 
still in contact with the granules and 
these deposit on the surface of the gran­
ules in the form of successive, firmly 
adherent layers. 

Not only does the process give fast 
action (normally a 5 to 10 minute deten­
tion period) with resulting economies 
in size of plant, but the end product is a 
granular . substance quite unlike the 
sludge normally produced by lime treat­
ment. 

The hot lime-soda technique for water 
softening is used only for the treatment 
of boiler feed water; It is similar to the 
cold process in that it uses the same 
chemicals; however, the reactions are 
carried out at or near the boiling point 
of water. Exhaust steam is used for 
heating the water prior to the addition 
of the chemicals and since the effluent 
from the settling tank and filters is hot 
it can be fed directly to the boiler. 
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One of the principal advantages of the 
hot process · is that the chemical reac­
tions proceed more rapidly at higher 
temperatures and more complete reac­
tions are obtained. Also, part of the 
hardness (bicarbonates of calcium and 
magnesium) is removed when the water 
is heated. 

One of the most popular methods of 
softening water for industrial use in­
volves the use of zeolites. These are 
complex, insoluble mineral compounds, 
similar in size to coarse sand, which are 
found in natural deposits or can be 
manufactured synthetically. [See page 
265, June Scientific American.-Ed.] 

One of the more recent develop�nts 
in zeolite processing comes about by 
the availability of a non-siliceous zeo­
lite that is equally effective in removing 
both carbonate and non-carbonate (sul­
fate) hardness. It is composed of a sul­
fonated organic material that operates 
either on the sodium or hydrogen cycle 
of base exchange. Operated on the sodi­
um cycle, it takes out carbonate hard­
ness and is regenerated with salt, the 
same as the older forms of zeolite. 

When it is operated on the hydrogen 
cycle, this, zeolite removes sulfates and 
chlorides as well as the bicarbonates 
of calcium, magnesium, and sodium (in 
the latter case leaving nothing but the 
carbon dioxide which can be removed 
by aerating the water) . Regeneration 
OIl the hydrogen cycle is accomplished 
with dilute sulfuric acid. 

Iron and manganese, as well as hydro­
gen sulfide, are found in water. The 
latter is extremely troublesome because 
it imparts corrosiveness, while iron and 
manganese contribute to many process­
ing difficulties. Aeration' followed by fil­
tration is a frequent method of treat­
ment for removal of iron and man­
ganese; these substances are thus oxi­
dized and removed by the straining ac­
tion of the filter. Zeolite treatment for 
softening also aids in the ,removal of 
iron and manganese. 

Hydrogen sulfide can be removed by 
aeration but where this proves inade­
quate it becomes necessary to use de­
gassifying equipment of special design. 

This brief discussion of industrial wa­
ter treatment practice illustrates the 
many techniques that are available for 
conditioning water to meet virtually any 
need. It must be emphasized, however, 
that the application of these techniques 
calls for specialized knowledge far be­
yond the ken of the general plant super­
intendent or maintenance engineer. 
Even the experts admit that industrial 
water treatment is a complex science 
calling for the best talents of the chem­
ist as well as the engineer. 

WATER FILTERS 

Designed lor Army, Uses 

Cake 01 Dialomaceous Earlh 

DIATOMACEous earth has been found to 
provide an ideal filtering medium for 
purifying water for army troops in the 
field, according to recently released in-

formation from the Engineer Board of 
the Corps of Engineers. The need for 
better filtration equipment .. arose from 
the failure of standard sand filters to 
remove cysts of Endamoeda histolytica, 
one of the causative agents of dysentery. 

The filter equipment consists of a 
series of cylindrical, porous refractory 
elements suspended in a metal shell. Up­
on such an element a cake of diatomite, 
(one of several forms of diatomaceous 
earth) is deposited by circulating slurry 
through the unit. When deposited, the 
cake is built up to a thickness of 0.06 to 
0.09 inch. This cake is the filter medi­
um through which the water passes and 
upon which suspended matter and bac­
teria are deposited. Backwashing of the 
filter to remove suspended mat�rial 
trapped in the filter cake is accom­
plished by reversing the flow of water 
through the filter. 

Two sizes of diatomite filtration 
equipment have been produced for field 
use. One has 3.6 square feet of filter 
area, with a nominal capacity of 15 
gallons per minute, suitable for pack 
transport and weighing 50 pounds. The 
other has 10 square feet of filter area 
with 50 gallons per minute capacity. 

WATERWORKS COST 

CaB be Based on 

Analysis 01 Conlracl Dala 

A YARDSTICK for approximating the 
cost of a waterworks system-and a re­
cent survey indicates that our , postwar 
agenda should provide for new water­
works in almost 5000 communities-may 
be fashioned '  from data collected by the 
Public Works Administration. 

In the period 1933-39, the PW A par­
ticipated in the construction of 781 com­
plete water supply projects. An analy­
sis of the contract data shows the fol­
lowing average cost per capita, ar­
ranged in three population groups. 

Avg. Cost 
Population Range per Capita 

100 to 500 $84.00 
500 to 1,000 65.00 

1,000 to 10,000 45.00 
Construction prices have risen since 

the above data were compiled, and the 
present per capita cost should be in­
creased by about 32 percent to conform 
with present-day prices. 

MAGNETIC SWEEPERS 

Used by Siale 

Righway-Palrol Tracks 

ELECTROMAGNETS attached to highway 
_ patrol trucks in North and South Da­

kota collect as much as 12% tons an­
nually of nails, bolts, and other small 
pieces of metal that fall on the road sur­
face. In North Dakota the average year­
ly collection is about 6% pounds per 
mile, while in South Dakota it averages 
only 1% pounds per mile. 

It is conservatively estimated that for 
each pound of scrap collected the motor­
ist is saved $4.80 over and above the 
cost of collection. This figure is obtained 
by assuming that each pound of metal 
left on the road would cause ten punc­
tures, each of which would cost about 
50 cents to rep{lir. 
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CHEMISTRY IN INDUSTRY Conducted by D .  H .  K I L L E F F E R  

The Resin Dog wilh the Plastics  Tai l 

IN THE overall field of synthetic resins, 
molded and sheet plastics have be­

come the tail that wags the dog. The 
plastic bomber noses and gun turrets on 
our fighting planes; medical instruments 
that pipe curved light; furniture and 
tableware; j ewelry and novelties, have 
caught the public eye, and the layman 
feels that these plastics are the whole 
resin story. Actually, many invisible 
resinous miracle�makers-alkyds, urea, 
melamine and phenol formaldehydes, 
vinyls, acrylics, and maleics-preceded 
the moldable plastics, take in a larger 
scope, and have an equally impressive 
record. 

Synthetic resins make possible the 
"four-hour" en<lmels, and they are now 
responsible for the completely weather-, 
water-, and fungus-proof plywoods, re­
placing vitally needed war-time metals 
-a feat which remains one of the out­
standing material developments in the 
war. In almost every conceivable field 
of production, these resins see active 
service: in flexible adhesives, caulking 
compounds, gas-resistant coatings, air­
craft lacquers, life rafts, army raincoats 
and tent cloths, weatherproof fiberboard 
for shipping containers, and protective 
coatings for hard-working Navy vessels 
and weather-abused Army tanks and 
j eeps. Also in service on the home front, 

Quick.Drying Enamels, Beller Plywoods, and Improved Fabrics, are Only a 

Few of Ihe Developmenls of Ihe Syalhelic Resias Inllustry. Plastics Aside, 

These Resins are Doing Jobs thai Have Immediale and Long·Range Impli· 

calions 10 a Number of laduslries and 10 the General Public 

they make brake-linings wear far 
longer, prevent spoilage of medicinal 
enzyme preparations, help to purify 
drugs, make tougher grinding wheels, 
recover precious metals from industrial 
wastes, increase sugar yields, purify 
w<lter, and reclaim valuable tartrates 
from grape wastes. But in each case the 
resins are more or less invisible, their 
work more or less unknown, and their 
share of the spotlight dependent upon 
their more gaudy colleagues-the plas­
tics. 

Credit for bringing these invisible 
wonder-workers to their present indus­
trial status cannot be pinned on any one 
firm. While many resin-makers were 
dazzled by the vision of a plastic molded 
world, some few research groups con­
centrated on other-than-molding uses 
for resins. In 1924, for · example, one of 
these groups, the Resinous Products and 
Chemical Company, presented the paint 
industry with a synthetic resin that 
made possible fast drying paints and 
inaugurated a period of spectacular 

growth in the resin industry. 
This was many years after 
Dr. Leo Baekeland first 
sought a shellac substitute in 
phenol-formaldehyde reac­
tions but sidetracked his 
original quest when his 
"shellac" turned out to be a 
miraculous molding material. 

Prior to 1934, most ply­
wood was produced in this 
country with the aid of ani­
mal and vegetable glues. Be­
cause of the susceptibility of 
such glues to moisture, ver­
min, and mold growth, ply­
wood tended to separate at 
the plies and deteriorate 
altogether too rapidly to 
make it a satisfactory struc­
tural material. 

Testing strength of plywood glue 

form in continuous rolls which could 
be cut to fit the. size of any plywood 
assembly. This eliminated the need for 
spreading liquid glue on veneers and 
made possible the very thin plywood 
used on airplanes today. Whereas the 
older glues depended upon drying out 
of water for adhesion, this resin film, 
after being inter-leaved between 
veneers, was placed in a hot press where 
the combination of heat and pressure 
fused the wood and resin into plywood 
which was proof against continued boil­
ing in water. The manufacture of ply­
wood was cut from hours to minutes by 
this method and the hot press installa­
tions in plywood and woodworking 
plants increased from 13 to over 225 in 
the past decade. For the first time, com­
pletely waterproof resin-bonded ply­
wood became available for aircraft, 
boats, housing, transportation, radios, 
furniture, musical instruments, and 
scores · of other new uses. 

Illustrations courtesy Resinous Products and Chemical Co: 

Coatmg resuis cUopping from kettle to cooling 
vats when correct reaction has been reached 

With the development of 
special phenol-formaldehyde 
resins, plywood emerged as 
a new structural material of 
almost unlimited versatility. 
The introduction of these 
new glues made great 
changes in the technique of 
plywood production, making 
it simpler and faster. The ad­
.hesive was supplied in sheet 

As the demand for resin-bonded ply­
wood grew, thought was given to · the 
production of plywood without the use 
of hot-pressing equipment. Among the 
first successful resins which have thus 
tremendously expanded the develop­
ment of resin gluing were a group of 
urea-formaldehyde resins. As in the case 
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Checkinq retlin condensate iD supply kettle for spray drier 

of the film, the resin glue line produced 
with these resins is stronger than wood 
itself, and is highly , resistant to mois­
ture, vermin, and mold. These resins are 
produced as dry, water-soluble pow­
ders and as aqueous solutions. 

Suitable catalysts or hardening agents 
are used to control the working life 
of the glue and to accelerate its setting 
after application to the gluing surface. 
Mter these glues are set they cannot be 
softened by exposure to water or heat. 

Prior to the war these adhesives were 
most widely used in the manufacture 
of the better grades of furniture and 
radio cabinets. They are produced in 
neutral color, thus ' eliminating staining 
difficulties, particularly with light-col­
ored woods and, thin veneers. During 
the war a large part of production of 
the phenol formaldehyde and urea for­
maldehyde resins have been utilized 
as assembly adhesives for plywood air­
craft construction, wood life rafts, boats, 
cargo bodies for trucks, timber struc­
tures, and so on. The advances in the 
molding of plywood by flexible pressure 
rather than rigid pressure plates made 
complex curved forms possible. Used to 
curve irregular shapes or for pieces 
·requiring curves in more than one plane 
-such as the egg-shell shape required 
for airplane "drop-tanks"-this method 
employs an inflated or deflated bag as 
one of the halves of a pair of molding 
dies. After layers of veneer are wrapped 
on a concave mold, an inflated bag may 
exert pressure on one" side, or the 
veneer-covered mold may be placed 
inside an open-mouthed bag, the bag 
deflated so that it adheres to the con­
tours of the mold, and the whole in­
serted into an autoclave, or "pressure 
cooker," where heat and pressure are 
applied by steam, 

SYNTHmC RAINCOATS-When parts for 
planes, tanks, guns, and similar miliA 
tary eqUipment are packed for overseas 
shipment, they are '  coated with a 

sprayed liquid synthetic resin. that 
wards off destructive effects of saIt wa­
ter corrosion. 

The acrylic resins are used to water­
proof military maps, to eliminate pol­
ishing of brass and copper, to preserve 
art treasures, and to make possible 
luminescent paints which are used on 
gunsights Jor jungle fighting and to il­
luminate submarine instrument panels, 
aircraft dials, road markers, and air-
raid shelter signs. , 

Other resins, water-dispersed acrylic 
ester ' polymers, go into leather coats for 
aircraft pilots, making the leather 
grease-proof and eliminating the , are 

. hazard coming from grease-soaked 
clething for pilots forced to parachute 
from a burning plane. Not only is this 
leather fire resistant, but it is also un­
affected by the intense cold encountel'ed 
in high altitude flying. It remains tough 
and flexible. 

Still another recent accomplishment 
in the synthetic resin field has been 
increasing the wet strength of paper. 
The resin most widely used is of the 
urea formaldehyde fam!J.y. The lack of 
color, odor, and taste, resistance to 
mold and fungus, ease of handling in 
paper processing, and chemical resist­
ance of these resinS in final insoluble 
form h�ve given the paper maker a 
tool that enables him to make wide use 
of less expensive and more ' readily 
available pulps. 'one of these resins, 
specially tailored for the paper-making 
process, may be added at any accessible 
point on the paper machine prior to 
sheet-formation, preferably at the 
beater. The required ratio, of resin to 
paper is so small that the appearance 
and feel of the sheets is practically in­
distinguishable from ordinary paper, but 
the paper's wet strength is increased as 
much as ten times. Soft absorbent paper 
toweling may now be used like a cloth 
withoui fear ' of its teating into shreds. 
In the blueprint and photographic paper 
field, , the dimensional stability of the 

resin treated paper under varying con­
ditioris of temperature and humidity 
has proved particularly useful. Not only 
is' wet strength ,increased in paper 
treated in this manner, but dry strength 
as well-measured in terms of the 
standard tests of tensile strength. Dis­
posable garbage buckets, frozen food 
packs, cloth substitutes, and camouflage 
papers may be mentioned among the 
many uses of resin treated papers. 

Another problem of the paper indus­
try was solved with urea-formaldehyde 
resins. Fiberboard is made by gluing to­
gether, under pressure, sheets of paper 
to form a heavy, strong laminate. COl,"­
regated board is the familiar carton 
stock consisting of a fluted paper center 
with outer plies of heavy paper. While 
both of these types are very strong 
when dry, exposure to dampness causes 
them to become soft and , upon con­
tinued wetting the plies may separate, 
as the ordihary glues used offer little 
resistaftce , to moisture. The need for 
fiber packing cases which would ' be 
weather-proof and more suitable for 
exposed storage and overseas shipments 
necessitated the development of an ad� 
hesive which would not fail when wet. 
Urea formaldehyde resins, when used 
in combination with dextrin or starch, 
make possible low cost weather-proof 
fiber shipping containers which hpld 
together in wet sand or the dank holds 
of ships and, at the sarne time, because 
of their light weight, permit additional 
tons of precious cargo, to be carried in 
ships bound for combat zones. These 
containers have been so toughened by 
the addition of the urea resin that it is 
actually possible to float' them to 
beaches in the surf-a stunt that would 
ciImost instantly ruin the best pre-war 
shipping carton. 

RESINS TREAT F ABIUCS-Other synthetic 
resins have 'become standard for use 
in coating lacquers applied to fabrics to 
produce oil cloths, tarpaulins, raincoats, 
bridge-table covers, and artificial 
leather. In each case the fabric acts 
as a backing or supporting material for 
a , continuous, heavy lacquer film. For 
the modification of textile fabrics, the 

A ' laboratory model of a pulp beat. 
er in which urea formaldehyde is 
added to various pulps in studies 
to determine the effect of such ad· 
diUons on wet strenqth of paper 
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resins are impregnated into the fiber 
'and may impart to the fabric improved 
properties of crush resistance, luster, 
str�th, and resilience. However, the 
appearance of the fabri9 is not altered 
and the fabric retains all of the proper­
ties of a textile-characteristic porosity, 
absorbency, elasticity, flexibility, and 
serviceability. 

In the development of Urea-formalde­
hyde resins in the industrial finishing 
field, it was found that, by combining 
urea · and formaldehyde chemically with 
a third ingredient, alcohol, the solubil­
ity characteristics of the resin could be 
so changed that, instead of mixing easily 
with water, it preferred· instead the sol­
vents commonly used in lacquers and 
enamels. 

. 

Urea formaldehyde resins are particu­
larly well suited for use in combination 
with alkyd resins in the surface coating 
field. The two types of resin supplement 
each other, bringing out in the film the 
most desirable properties of each. Com­
binations , of these resins have found 
wide Use in the production of "synthetic 
porcelain" enamels-for refrigerators, 
washing machines, stoves, sanitary ware,' 
and in many other. industrial finishes 
where exceptional whiteness, marproof­
ness, ' chemical (particularly alkali) re­
sistance, and durability are desired. 

Another kindred resin, closely related 
chemically to the urea type, is the 
''melamine-formaldehyde'' resin. This 
resin resembles urea formaldehyde in 
many respects but is favored ' in certain 
applications because of its outstanding 
heat resistance-a characteristic readily 

. apparent in the maintenance of gloss 
and whiteness in stove enamels. 

VERSATILE VINYLS-Equally remarkable 
are the accomplishmen� of the vinyl 
resins. Recent booms in their develop­
ment have come frolll increasing de­
mands from industry · for corrosion-re­
sistant rubber-like materials. As a group 
they cover the thermoplastic field in 
clear, translucent, ' �d opaqUE! forms 
from hard molding resins through tough, 
flexible, rubber-like products to soft 
.casting gels. 'They make excellent ad­
hesives for cloth, paper, glass, and metal. 
They are also used' as textile, paper, and 
leather finishes, electrical cable coatings, 
flexible ' solvent-proof tubing, and 
chemically-resistant metal finishes. 

Still another type known as "ion ex­
change resins" has made possible the 
elimination of sugar juice impurities, 
removing from 60 to 80 percent of the 
non-sugars and 50- to 90 percent of the 
color from clarified sugar jUices. These 
ion exchange resins have found wide 
use in the purification of the great vol­
ume of water used in the emulsion 
polymerization step in synthetic rubber 
production. One of their newest appli­
cations may be the recovery of amino 
acids from meat waste, soybean meal, 
and' similar inexpensive sources. Amino 
acids, plentiful in meats and essential 
to Ii well-balanced ,  diet, are expected 
to go far toward ridding war-torn 
couritries of dietary deficiencies. Their 
recovery has long been an expensive, 
cVmplicated process, but this new re­
covery method contributes much to a 
practical plan of fortifying carbohy­
drates with these vital . acids. 

The ancient alchemists hoped to ac­
complish feats such as the transmuta­
tion of the elements to turn base metal 
into gold, a hope which the fathers of 
modern chemistry considered absurd. 
Yet, many of the problems which they 
posed have been solved by the research 
of chemistry. The scientist of today is 
the alchemist of yesterday, transforming 
substances of nature into new and better 
productS. Particularly is this true in the 
case of synthetic resins, a vast array of 
products contributing to almost every 
phase of present-day living. 

HEsms AVAILABLE 

CaD. be, PaI to Usa by 

A lumbar 01 ladaslries 

W rIH THE removal of Vinsol resin and 
Truline billder from allocation by the 
War Production Board, these materials 
are now available to industry for all 
uses, it is announced by Hercules Pow­
der Company; 

During the period of WPB allocation, 
Vinsol resin was used in asphalt emul­
sions for the construction of Army air­
ports and roads in this . country and 
overseas, and also in the manufactur­
ing of plastics and paperboard, to re­
place the use of strategic metals. 

Prior to being placed on allocation, 
Vinsol resin was used in the manufac-

' ture of paperboard, plastics, air-en.;. 
training Portland and masonry cements, 
emulsions, paint and varnish, linoleum, 

, rubber, ink, adhesives, and leather. 
Truline binder finds uses in cores 

atJ.d molds by foundries producing cast­
ings of all metals and will extend sup­

, plies of less available materials, such as 
cereal binders and linseed oU. 

BARD-WATER SOU 
Proiacell by AiUtiOB 

01 law lagreiieal 

To HELP the Army. keep clean, even 
when it has to wash in cold sea water, 
a new soap ingredient has been de­
veloped from petroleum by the l)U 
Pont COPlpany. Mixed with the other 
constituents of soap in a proportion 
9f about one to two, the new material 

, will remove dirt, oil, and grease in any 
kind of \Vater, s,alt or fresh, cold or 
hot, hard or soft. ' 

After the war, variations of this soap 
formula will be available for household 
use--some as toilet soaps and ' others 
for the kitchen and laundry. They will 
lighten the task of waShing greasy , 
pans, will make glassware sparkle, and 
will quickly erase road film from your 
car. This type of soap lathers well and 
leaves very little "ring" around the 
tub. 

The new ingredient is a synthetic de­
tergent, or "soapless soap." It is a 
sulfonated product which is sold to 
soap manufacturers, who use it in the 
manufacture of toilet soap. 

The reason or�ary soaps do not 
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work well in hard water arises from 
the fact that they contain sodium or 
potassium and the hard water contains 
calcium and magnesium. When the soap 
is mixed with the water the sodium 
or potassium is pushed out of the soap 
molecule and is replaced by calcium 
and magnesium. The reaction creates an 
insoluble calcium or magnesium com­
pound, which is precipitated as a 
sticky curd-the ring around the tub 
or waShbasin. Not until all the calcium 
and magnesium is precipitated and the / 

water thereby softened will ordinary 
soap produce lather and, do Ii good 
cleansing job. When it unites with 
hard-water minerals, the new soap 
forms not a heavy curd but a very 
finely dispersed precipitate, which re­
mains suspended in the water and does '  
not interfere with the soap's quick and 
efficient, cleansing job; 

lEW TBEIJIOPLASTIC 

elB Ba Boilai or SlarUizai 

lBi RataiD Straullh aai Sh.pa 

. THE FIRST thermoplastic ever devel­
oped . that can hold its shape and 
strength in boUing water and yet can 
be molded by the fastest, most eco­
nomical methods, is known as Cerex. 
This new plastic opens up an entirely 
new field of industrial and household 
applications by virtue of its ability to 
withstand sterilization. 

Produced for some time on an ex­
perimental basis by Monsanto, the new 
plastic has already found wide use in 
war work, particularly Radar, radio, 
and ,other military electronic equip­
ment where substances of light-weight 
and suitable electrical and heat-reO: 
sistant properties are in demand. It is 
also in demand for surgical instru­
ments, aircraft instruments, '  and many 
other war applicationS. The eltire pro­
duction is now going to war work. 
After the war, an equally 'wide range 
of civilian applications is possible 
wherever high heat-resistant qualities 
are in demand such as in dishes and 
utensils which are subjected to boiling 
water. 

FADE-PBDeF RAIOI 

Results Iro.. Develop .. aat 01 
Ifl. DyaiD • •  alhai 

A NEW method of dyeing acetate rayon 
fabrics which gives such fabrics dyed 
in a number of colors a high degree of 
resistance to atmospheric gas fading, 
has been developed by the North Caro­
lina Fabrics Corporation, in co-opera­
tion with technicians of the American 
Viscose Corporation, rayon producers 
and dyestuff manufacturers. 

Fading of colors caUsed by acid gases 
given off from fuel combustion . and 
other sources has 'been a cause of fre:.. 
quent complaint in the past. 

To date ' a line of six colors� has been 
developed, all of which show no fading' 
or color loss after . 60 hours' exposure 
to atmospheric gases under test condi­
tions. They are also resistant to, sun­
light and perspiration. Additional 
colors are being developed as rapidly 
as conditions ' pennit. 
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FUIIDAMENT lL SCIENCE Conducted by A L B E R T  G .  I N G A L L S  

If YOD COD'1 lill ll, Isolole ll 
Today nere are Ways 01 Beducing Deslruclive Vihralion in Machinery hal 
These are Limiled. and Thus Isolalion hy Means of Elaslic Suspensions has 

a Wide Field of Applicalion. Tbe Design of MouDiings Using Buhher for lhis 

�urpose has Now Reached Ihe Siage of a Prediclable Science 

B y  H .  H .  F I N K  
Product Design Enilineer. The B. P. Goodrich Company 

VIBRATION, uncontrolled and un­
leashed, is the greatest single de­

structive power that confronts man­
kind. It is always present and constantly 
reveals itself in one form or another. 
Every single movement made by any 
person or any thing is motivated by a 
force which creates vibration or is 
created as a result of vibration. 

The ultimate desire of every modem 
design engineer is to obtain maximum 
energy output per unit weight of pro­
ducing equipment. This constant striv­
ing for weight reduction has of neces­
sity made the engineer conscious of a 
class of vibratory forces heretofore 
given little consideration. Every piece 
of rotating or reciprocating machinery 
when in operation has some inherent 
or impressed unbalance which produces 
alternating accelerations of the moving 
masses. These alternating accelerations 
create alternating forces in the machine 
and in the supporting structure, result­
ing in an undesirable oscillatory move­
ment commonly known as vibration. 

Vibration is accompanied by numer­
ous detrimental effects which 
are both wasteful and costly. 
A machine's serviceable life 
is materially shortened by an 
increase in internal stresses 
resulting from vibration. 
Since a machine must sup­
ply the energy necessary to 
maintain vibration, its effi­
ciency is greatly reduced. 
Because of the transmissibil­
ity of vibration through sup­
porting structures, it may be 
detrimental to other machine 
operations, thus interfering 
with the micrometer ac­
curacy which is so essential 
in modem processing. It al­
so induces noise, human dis­
comfort, and fatigue. 

balancing. Although this method is em­
ployed to some extent in every piece 
of rotating equipment, the degree of 
perfection attainable is necessarily dic­
tated by the element of cost. Also, mass 
balancing cannot eliminate torsional 
vibrations due to power impulses from 
internal combustion engines. 

Dynamic absorbers may be used, 
consisting of tuned elastic systems added 
to the original vibrating system to ab­
sorb the energy of vibration. However, 
they are not applicable to variable speed 
disturbances and therefore their useful­
ness is somewhat limited. 

The last and most desirable method 
of approach to the problem is to iso­
late the machine by means of an elastic 
suspension. This type of isolation is 
suitable for variable speed disturbances 
and therefore has an unlimited field in 
reducing vibration effects. 

Fundamentally, the principle of vibra­
tion isolation by means of an elastic sus­
pension is very simple. A machine 
which is a source of noise and vibration 
may .be suspended on springs so chosen 

and arranged that the machine may 
move freely without appreciably dis­
turbing its foundatiori. The ideal condi:" 
tion may be visualized as a machine 
suspended in space. If an alternating 
force acts on the body, the inertia of 
the mass is the only force available to 
resist it. Therefore, the entire mass is 
accelerated through a small vibratory 
motion. Practically this. is not possible 
but, QY using an elastic suspension, this 
ideal condition may be approached. If 
the suspension be made soft enough, 
the inertia resistance of the mass cannot 
follow the quick changes in direction 
of the accelerating force, with , the re­
sult that the mass remains practically 
stationary. Thus the only force trans­
mitted to the foundation is the spring 
force carried through the suspension 
as it oscillates with · the movement of 
the suspended mass. Without an elastic 
system interposed between the mass and 
the support, . the entire vibratory force 
would be directly transmitted to the 
foundation. 

UNDERSTANDING IT-In order to under­
stand the principle through which the 
installation of an elastic suspension 
cushions impacts, reduces vibration, 
and eliminates noise, it is necessary to 
consider first the "natural frequency" 
of the machine-mounted suspension, 
and second the "disturbing frequency" 
of the vibrations or impacts that origi­
nate in the machine. The natural fre­
quency is the number of movements 

which occur in a unit time­
element when the suspended 
machine is given a single 
impulse. Natural frequency 
varies with the amount of 
load suspended and the 
physical characteristics of the 
type of suspension. 

The disturbing frequency is 
usually the ' number of revo­
lutions or impacts per unit 
time-element of the machine 
that creates the disturbance. 
Many machines produce dis­
turbing vibrations in more 
than cine frequency.

' 
In stich . 

cases the lowest frequency 
is the one to be considered 
when selecting an elastic 
suspension. Any spring that 
satisfactorily isolates ' the 
lowest frequency will be still 
more effective with the 
higher frequency vibrations. 

Several plans of attack are 
available in the battle against 
these destructive forces. Vi­
brapon created by static and 
dynamic unbalance of mov­
ing parts can be reduced at 
its source by means of mass 

An exhaust fan mounted on rubber Vlbro-msulators of the 
shear type. The rubber is s,tronqly bonded to the metal parts 

When there is considerable 
difference in these frequen- . 
cies, the �turbance may be 
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either isolated or cushioned. Should any 
of the vibratory forces happen to occur 
in step with one of the natural fre­
quencies of the suspended machine, it 
would vibrate excessively in one or 
more directions. Vibrations of that fre­
quency would be amplified at the foun­
dation unless means were provided to 
dampen them. The amplifying effect 
is analogous to the well-known case of 
the pendulum, wherein a very small 
force repeated at the correct interval 
of time may gradually increase the 
swing of the pendulum from very small 
to very large amplitudes. 

Careful consideration must · be given 
to the proper design and location of the 
mountings if the elastic suspension is to 
be effective. It is highly desirable to 
obtain a layout in which ' the vIDious 
vibration nodes act independently of 
each other. This requires that the 
mountings be placed as nearly as pos­
sible in a plane containing the center 
of gravity and the axis of oscillation. 
An independent suspension of this type 
allows alternating accelerating forces 
in a translational direction to produce 
true translational motion, and those in 
a torsional direction to produce true 
torsional motion. Also, it permits maxi­
mum flexibility with a minimum loss 
of stability, and is thus desirable in 
mobile installations where shock and 
abnormal accelerations are prevalent. 
If an independent suspension is not used, 
the translational and rotational mo­
tions combine, resulting in a complex 
movement of the machine. The resulting 
frequencies are quite complicated and 
the machine stability is greatly re­
duced. When it is not possible to mount 
equipment in an independent manner, 
and . where horizontal external forces 
exist, it may be necessary to prevent 
objectionable rocking or swaying by 
the use of radius rod attachments or 
similar flexible means. 

RUBBER AND STEEL-The design of 
mountings, to fit the selected type of 
suspension ana to have the proper load­
ing characteristics, requires careful con­
sideration in selecting a springing ma­
teria). Of the numerous materials 
available for use as isolating mediums, 
rubber and steel appear to be the most 
outstanding. 

Cork and felt, although used exten­
sively for sound isolation, have limited 

. applications in the field of vibration 
isolation because of the extreme loads 
necessary to obtain large deflections. 

1" t 4Y2 �1 ----rl<----- 2\1i·---->I<'r 2" 

The high damping and sound isolating 
qualities of these. materials make them 
a useful counterpart of steel spring 
suspensions. 

Steel springs have had the advantage 
in the past, because they were able to · 
isolate a larger range of vibrations due 
to the greater deflections obtainable 
through versatility of design. They are 
not affected by oil or temperature 
changes and have a long serviceable 
life. However, because of their low 
damping factor, it becomes necessary to 
add an external means of damping for 
resonant conditions. Their lack of sta­
bility without external means of sup­
port, together with their high sound 
transmitting qualities, is a definite dis­
advantage. 

Rubber used as a springing material 
has many advantages. It has high re­
silience, a small degree of inherent 
damping which is beneficial at resonant 
conditions or when sudden impulses 
occur, the capacity for storing large 
amounts of energy per unit volume, 
and excellent . sound isolating qualities. 
Rubber springs have a lack of static 
friction and require no lubrication. Rub­
.ber can now be fabricated into economi­
cal and effective springs and Can be 
designed to control the stiffness and 
stability in any direction by means of 
the shape characteristics. Recent de­
velopments in versatility of design now 
permit large deflections where previ_ 
ously small limitations were imposed. 
The life expectancy of rubber springs 
can be long if they are properly com­
pounded, designed, and cared for. 

It is true that rubber is affected by 
contact with oil and by temperature 
changes. Synthetic rubbers would be 
more suitable in this respect. The creep 
and damping properties of rubber vary 
with load, temperature, and frequency . 
Also, the dynamic properties differ 
somewhat from the static properties. 
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Above: This insulator may be used 
in shear or in compression. 'Used 
endwise. in shear. its deflection 
may be an inch. Left: This type 
is fOr use only in compression 

However, on an overall basis of com­
parison, rubber appears to be the most 
suitable springing material for elastic 
supports. 

Rubber can be used as a springing 
material when loaded in tension, com­
pression, or shear, since the deforma­
tions are great under any of these meth­
ods. The type of installation, available 
space, direction of forces, freedom of 
movement, and physical characteristics 
required in the mounting will dictate 
the proper selection, since each method 
has its advantages as well as its disad-

. vantages. Rubber loaded in tension has 
been given little consideration in the 
mounting of engines because it is easily 
damaged, resulting in progressive tear 
and ultimate premature failure. 

Rubber loaded in compression was 
possibly the first method employed in 
the suspension of engines. The load­
carrying capacity is very high, but the 
rate of stiffening is also very great. Thus 
the compression modulus and, conse­
quently, the elastic restraint are variable 
functions. The deflection characteristics 
not only depend on the hardness of the 
compound but also on the size and shape 
of the mounting. For maximum service 
life, the deflection of rubber used in 
compression is usually maintained be­
low 20 percent of the undeformed thick­
ness. Present-day applications use this 
method primarily · as a counterpart of 
the design of shear type mountings 
where snubber action is desired. The 

A type of mounting suitable only 
for use in cOl!lpression. as on fans 
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rubber can be so proportioned to give 
any degree of' build-up resistance to 
overloads. 

A BIG INCREASE-With the advance in 
the development of rubber-to-metal ad­
hesion, the use of rubber in shear has 
increased tremendously. The deflection 

, characteristic in shear is, for all prac­
tical purposes, a straight line function 
throughout the working range, . and 
therefore the shear modulus is constant. 
For the same unit loading and thickness, 
rubber in shear has six or more times 
the dejlection of rubber in compres­
sion. In other words, the same deflection 
in shear could be accomplished with 
less than one sixth the amount of rubber 
necessary in compression. Although the 
variable size and shape factor precludes 
any rigid rules of design, it may be gen­
erally stated that, for normally stressed 
applications, shear type rubber can 
easily carry loads ranging from 50 to 
lOO pounds per square inch on the 
bonded area, as the ultimate bond 
strength is approximately 300 pounds 
per square inch. Good practice limits 
the ' deflection of shear type mountings 
to two thirds of their thickness and 
the thickness is limited to that of the 
smallest dimension of the bonded side, 
or a maximum of two inches. This in­
sures uniformity of cure as well as sta­
bility. 

In the design of rubber mountings; 
the three types of loading cannot be 
considered independently of each other, 
for a mounting may function in shear in 
one direction. but any forces perpen­
dicular to the shear plane place the 
rubber in compression, and vice versa. 
By a combination of all three methods 
of loading-that is, tension, compression, 
and shear-it is now possible to de­
sign rubber springs for almost any 
desired loading conditions. Stability or . 
lack of stability can be incorporated 
as reqJ.1ired. There are two basic de­
signs from which the more complicated 

COM .... CS$IOH 

mountings are fashioned. These are the 
eleqlentary compression and shear .types 
as shown in Figure 1. A few of the more 
common combined designs are illus­
trated in Figures 2 and 3. 

Series mountings, whether . they be 
compression or multiple shear plate 
types, as well as the double shear plate, 
are designed to obtain large deflections 
and, at the same time, retain stability. 
These styles are soft in all directions in 
the shear plane, but are stiff in the one 
direction of compression. 

The tubular and multiple tubular 
shear type have the advantage of being 
soft in one direction only, that of shear. 
They are quite stiff in all directions in a 
plane perpendicular to the shear axis. 

The annular and multiple annular 
torsional types are also a one-direction­
al style. They deform little under any 
radial load but are relatively soft in 
torsional shear. By means of torsion 
arms, large deflections can be obtained. 
This design has the advantage that the 
rubber forms its own bearing and is 

Fiqure 1: Above: 
The two basic. ele-
mentary desiqns 

Fiqure 2:  Left: 
A variety of com­
pound mountinqs 

Fiqure 3: Rlqht: 
Some compoUDd tor- -

M uLTI PLe TU"'UL "� ,sHWAiJIIIl sional mOUDtinqs 

capable, moreover, of sustaining great 
loads. 

The angular torsional shear type ill 
normally soft in two directions. The ver­
satility of design possible with the mul­
tiple . angular torsional shear arrange­
ment as shown is very , far-reaching. 
This design permits a wide range of 
physical characteristics by slight altera­
tions in the dimension of the rubber 
thickness, rubber diameter, or of the 
length of the interconnecting arm. Ex­
treme deflections can be secured, if de­
sirable, under very light loads and free­
dom of movement is obtainable, in all di­
rections. 

The design of rubber mountings can 
now be classified as a predictable 
science and placed in the same category 
as that of , steel and other structural 
materials. The �dvances made in re­
cent years by the rubber technologist 
and research engineer have removed 
the mysterious air that once surrounded 
rubber. The rubber industry is now 
prepared to collaborate on any prob­
lems involving the isolation of noise, 
shock, and vibration. 

IN SUM-Our problem of isolating ma­
chinery thus resolves itself into a four­
point program: First, the degree of 
isolation necessary to obtain ultimate 
performance must be established. Sec­
ond, an analysis of the machine char­
acteristics and a determination of the 
type and degree of vibration disturb­
ances must be made. Third, from these, 
the proper spring stiffnesses must be 
calculated and the type of suspension 
selected. Fourth, the individual mount­
ings must be designed not only to fit 
the points of support but also to give 
the desired and necessary loading char­
acteristics. 

Having accomplished this, the engi­
neer can take pride in the fact that 
another forward step has , been made 
toward defeating the destructive power 
of vibration. 

""vLTIP\.iJ[ I 

1 20 SCIENTIFIC .(lMERICAN SEPTEMBER 1944 



Illustrations courtesy Boeing Aircraft Company 

America's miqhtiest warbird, the B·29 Superiortress 

IH OTREB FIELDS 

Conducted by The Staff 

Battleship of the Air 
The Superlorlress (B-29) is Far More lhan . Ihe Oulslanding Aerial Bomber 

. so Far Produced: II is a Harbinger 01 BeUe" Things 10 Come. Good Visibil. 

ity, Pressurized Cabin, · and Comlorlizalion are Some of Ihe Fealures Ihal 

Ihe Avialion Induslry May Well Siudy 

THE SUPERFORTRESS, the B-29 which 
the AAF has used to such good ad­

vantage in the Pacific theater, is so 
huge, SO complex, that its detailed de-

. scription would require a fair sized 
book, just as its design required a 
whole corps of engineers and draftsmen. 
But there are a feW points of special 
significance that can be described here 
-points of not only military significance 
but of importance to the future of civil 
aviation. 

Although its performance is still 
secret, it is known that the B-29 has 
a greater range, flies faster, and carries 
a larger bomb load than any other 
bomber in the world, Thus the Super­
fortress becomes a new strategic weapon 
of such importance that these bombers 
will come under the centralized control 
of the Joint Chiefs of Staff, with a 
single commander, and will be ready to 
act in any theater of war. 

It has been customary for many years 
to refer to bombers as battleships of the 
air, in the sense that a battleship is a 
vessel which can defend itself against 
anything ¢loat. It is perhaps only the 
Boeing Superfortress which really de-

serv.es to be called a battleship of the 
air: It · is so robust, so armed and ar­
mored that it can defend itself against 
all comers-in particular against the 
best single-seater fighters. The B-29 
is anried with .50-caliber machine guns, 
and 20mm cannon mounted in power 
turrets, with gun-sight blisters on the 
side of the fuselage. The vision for fight­
ing is as good as the vision for piloting, 
and even the tail gunners have a roomy 
cabin and perfect vision in three direc­
tions. 

Many lessons can be learned from the 
Superfortress. The B-29 derives from 
the B-17 and its designers had a wealth 
of knowledge and experience to help 
them, yet the preliminary design was 
begun in 1936, · ·  some eight years ago, 
This means that the c;levelopment of 
large military aircraft is a lengthy 
pr«;>eess, and that if, in the post-war 
period, our production is limited dras­
tically, there should be no decrease 
in research, experimentation, and ef­
fort to evolve new designs. 

Although the B.,29 is a new ship, its . 
similarity to the B-17 is so great as to 
point the moral that military aircraft 
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design should be evolutionary rather 
than revolutionary. Still another 
thought; prompted by the accompany­
ing picture of Wellwood E. Beall, (Boe­
ing vice president in charge of engi­
neering, and responsible for the over-all 
direction of engineering) ,  is that aircraft 
design rightly belongs to the hands of 
young men. Mr. Beall, a graduate of 
the Guggenheim School of Aeronautics 

WeUwood E. BeaU. the younq enql. 
neer mainly 'responsible for the de­
velopment of the Jlew Supenortress 
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of New York University, is only 37 
years of age. He combines solid engi­
neering brains with imagination and ex­
ecutive ability. 

The B-29 is enormous (the single­
engined Culver is dwarfed in one of 
the photographs) and its dimensions 
are �ar greater than those of the Flying 
Fortress. The B-29's wing span is more 
than 141 feet, its lEingth is 100 feet, and 
it has an overall height of 27 feet, 9 
inches. The Flying Fortress had a span 
of 103 feet, a length of 74 feet, 9 inches, 
and a height of only 19 feet. 

REMARKABLE STABILITY-Aerodynamic 
novelties cannot be too great a part of 
the picture and the B-29 therefore 
has a very close resemblance to the 
B-17. It is cleaner, however, and has a 
longer cylindrical fuselage with the nose 
projecting far ahead of the wing. The 
characteristic Boeing large vertical fin 
and extensible flap are present, and the 
landing gear is so completely retracted 
that no sign of it is visible when in 
flight. The stability of the new craft is 
remarkable. By virtue of previous flight 
experience with the Flying Fortress, the 
Superfortress, in spite of. the huge size 
of its control surfaces, has direct control 
which means remarkable refinement in 
balancing of the aerodynamic loads in­
volved. The tricycle landing gear has 
been adopted, with two wheels on each 
of the three components of the landing 
gear. 

The B-29, even if it did not produce 
startling aerodynamical novelties, had 
claims to great progress in size, perform­
ance, and construction, the overcom­
ing of production difficulties, and free­
dom from bugs and development 
accidents: 

But there is another aspect of the de­
sign which is equally noteworthy; that 
is, the greater comfortization of the air­
craft. The day when the comfort of the 
crew in military aircraft could be dis­
regarded has long gone by. Since the 
ship operates over great ranges, its de­
sign had to be such as to reduce crew 
fatigue and irritations to a minimum. 

1 22 

Above: The huqe bulk 01 
the Superiortress dwarfs 
the sinqle-enqined Culver 
by its side. The winq span 01 
the B-29 is in excess 01 141 
feet and its extreme heiqht 
is over 27 leet. StabUity 
of the cralt is remarkable 

Riqht: Size 01 this lour­
bladed propeller 01 the B-29 
can be qaqed by compari­
son with the man. Note 
the sinqle. air duct in the 
nose of the enqine nacelle 

First of all, heating and sound proofing 
are adequate, and the cabin is so super­
charged that the B-29 can be operated 
at 40,000 feet without the use of oxygen 
masks or other annoyances. The buga­
boo that prevented pressurization of 
military aircraft was the danger of 
"explosive decompression" if a shell 
should pierce the cabin. In early tests of 
the Superfortress, a side-gunner's blis­
ter blew out, but the crew members 
reached for their oxygen masks and no 
one suffered. 

While the pilot and co-pilot of the 
B-29 occupy conventional positions, the 
complexity of the instrument board has 
disappeared. Pilots have just a few dials 
in front of them and the flight engineer 
ba�k of them takes care of other instru­
ments. Another physical and moral help 
lies in the fact that the 1:iombardier is in 
the same cabin, on only a slightly lower 
level, and all four men can talk com-

fortably to one" another in the sound­
proofed compartment. There ' are eleven 
men. in the crew in all and all of them 
are comfortable, thanks to a small bunk 
room, chairs with sponge rubber 'pads, 
and so on. The navigator has a big desk 
and chart rack. All this makes a great 
difference on a long and dangerous as­
signment. 

It used to be thought that there was 
a definite limit to the power, of the 
aircraft power plant; and that, when the 
motor reached a certain size, the pro­
peller could no longer absorb its power. 

Both of these views are wrong, as 
is habitual with defeatist engineering 
predictions. The IS-cylinder Wright Cy­
clone produces 2200 horsepower and, 
while its development has meant over­
coming many difficulties, it is remark­
ably successful. Certainly even this 
huge and complex engine does not 
represent the final word in engine de­
sign. 

In rebuttal of the second of the two 
bad predictions named above, engineers 
have found it perfectly possible to de­
sign propellers . capable of absorbing 

the power, and of maintaining high effi­
ciency. First of all, Hamilton-Standard 
(responsible for the propeller design) 
built a four-bladed ' airscrew, with the 
enormous diameter of 16 feet T inches. 
Then, to avoid too high a top speed (and 
the compressibility shocks which might 
occur) , they geared down the propeller 
to only 35/100 of the revolutions per 
minute of the engine. Then they used 
the NACA laminar-flow airfoil as a 
further safeguard against the effects of 
compressibility. Construction is of the 
conventional aluminum alloy type. An­
other interesting wrinkle in the power­
plant design lies in the large duct in 
the nacelle nose which eliminates a mul­
tiplicity of air inlets in the wings and 
helps in giving the plane streamlining. 
Two superchargers are employed with 
each engine and are enclosed. . 

All in all the American people can be 
proud of the B-29, -of the high ranking 
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It takes ·a lot of gasoline 
T O  M A K E  A N  U M B R E L LA F O R G. I. 1 0 E  

t'l Jl:IEN YO� �ow that just one single-sea�er 
V V fighter carrIes about 500 gallons of gasoline 

on take-off, you can well imagine what any 

large-scale operation requires. The figures run 
into millions-and every gallon must be top 

quality. Fighting gasoline is the Hcream" ofU .S. 
production, practically all of which contains 

Ethyl fluid. 

When peace is won, most of this high-octane 

gasoline will be able to stay home . . .  and ulti·, 
mately post-war automobile, truck, bus and 

tractor engines will be designed to get more . .  
power from high quality gasoline. 

We of Ethyl look forward to working with the 
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engineers of the automotive, petroleum and avi­

ation industry in the development of post-war 

engines and fuels. Many of our research workers 

in Detroit and San Bernardino are' now en­

grossed in necessary war work. When the fight­

ing is over they will once more be ready to serve 

industry in the improvement of peacetime trans­

portation. 

+ + + 

E T H Y L  C O R P O R A T I O N  
Manufacturer of Ethyl fluid, used by oil com­
panies to improve the antiknock quality of 
aviation and motor gasoline. 

GASOLINE POWERS THE ATTACK- D O "';" WASTE A DRO P I  



officers of the AAF who sponsored it, 
of the test pilots and engineers who de­
signed it, of the manufacturers, foremen, 
and skilled artisans who built it. They 
will be equally proud of the especially 
selected pilots, bombardiers, flight engi­
neers, and gunners who will carry it on 
its missions against the enemy. 

While the Superfortress is of tremen­
dous military importance at the . mo­
ment, the experimental and research 
work that has gone into its design and 
construction have written at least the 
first page of a new chapter in commer­
cial air travel. Of course, not inuch can 
be said about details of the comfortiza­
tion previously m�ntioned, but . the 
groundwork has been laid for high-al­
titude flight by huge passenger planes, 
in .the near future·. The same is true of 
many other details of the B-29, but out 
of such efforts by the best aeronautical 
brains will come faster, safer, mo,re com­
fortable air transportation for the gen­
eral public, plus a sounder basis for the ' 
post-war aviation industry.�A.K. 

BELMM OUTPUI 

Far Grealer. Cosl Lower 

ThaD Ever Before 

HELIUM for war use is being produced 
for less than two cents a cubic foot and 
at a rate ten times greater than the 
amount turned out by a single plant 
before the war, according to Aviation 
News. 

The price of less th� two cents com­
pares with $2500 some 25 years ago. 
Five plants are now producing helium 
for anti�submarine blimps, barrage 
balloons; meteo,rological balloons, and 
other war uses. Production for the 
last six months of ' 1943 and the first 
two months of 1944 greatly exceeded 
production fo,r the entire preceding 12 
months. 

FARM-WASIE PLASIICS 

Caa be Processea ia
' 

1I0naai Maaaer 

It OREPLAST is the name of a series of 
new molding compounds which have 
been developed from farm waste in the 
United States Department of Agricul­
ture's Northern Regional Research 
Laboratory at Peoria, Illinois. These 
compounds have been tested at several 
industrial plants and have successfully 
met the molding conditions normally '
used: 

A company in West Virginia is now 
actively undertaking the commercial­
ization of Noreplast. Another company 
in: Ohio is considering Noreplast formu­
lation for the post-war manufacture of 
to,ys. 

A number of Noreplast formulations 
have been developed and rather thor-
0vghly studied. Dr. O . •  E. May, Chief 

. of the Bureau of Agricultural and In­
dustrial Chemistry which operates the 
Peoria Laboratory, states that one of the 
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significant things about this new plastic 
is that it can be made with one half 
the phenol-formaldehyde resin-a criti­
cal war material�ommonly required 
in the manufacture of this type of plas­
tic. All formulas contain 50 percent 
or more ground agricultural residues, 
such as wheat straw, flax shives, corn­
stalks, peanut shells, and so on, and 
some are mixtures of these. The for­
mulas differ, specifically in the amount 
of phenol-formaldehyde resin, either 
liquid or dry. foim, and in the percent 
of a special plasticizer designed spe­
cifically to produce rapid flow during 
the . .  molding operation. The percent 
phenol-formaldehyde resin varies from 

courtesy Northern Regional Research Laboratory 

Cornstalks behiq placed in a diqes' 
ter as first step in plastic makinq 

47 to 25 percent, . .  the plasticizer from 
zero to 15 percent. 

Any of these Noreplast formulas will 
mold in the regular commercial mold­
ings cycle and will produce articles 
having strength and finish characteris­
tics approxilllately equal to general­
purpose phenOlic resins containing ap­
proximately 50 percent phenol-for­
maldehyde and 50 percent wood flour. 

Water resistance in military articles 
is of considerable importance. Military 
specifications which Noreplast might 
serve have been set up on the basis of 
general-purpose phenolics. It has been 
found that as the perCent of phenol­
formaldehyde is decreased in Noreplast 
formulation from 47 percent to 25 per­
cent the wafer resistance decreases. 
Noreplast with 47 percent phenol-for­
maldehyde content will meet military 
requirements, and 35 percent is satisfac­
tory for some things. Requirements for 
strength and finish are met with a con­
tent of 28 percent but the water re­
sistance is too low. 

To, prepare Noreplast, finely-ground 
agricultural residue is mixed with the 
dry or liquid phenolic resin, the pow­
dered plasticizer, catalyst, lubricant, and 
coloring agents in a dough mixer or 
other machine. capable of producing a 
uniform mixture. The mixture is then 
rolled between heated differential rolls 
to obtain the desired characteristics of 
density, . flow, and setting Unle. The 
rolled sheets are then ground and 
screened to produce the molding com­
pound ready for use. In experimental 

molding tests to ascertain the molding 
speed of the new plastic, it took about 
212 minutes to mold a pencil tray, pin 
tray, or a cup; about 23 sec�mds for a 
bottle cap; 2 1/3 minutes for a safety 
razor; and 3 to 4 minutes for the dis­
tributor head for an automobile igni­
tion system. 

The natural color of the molded prod­
uct ranges from light brown to black, 
but products ranging from ivory or 
very light tan through light blues, 
greens, . reds, browns, blacks, or mix­
tures of these colors can be made by the 
use of appropriate dyes and pigments. 
Flax shives, wheat straw, cornstalks, 
tobacco stalks, tobacco stems, peanut 
shells, and soybean hulls are the agri­
cultural residues which have been com­
pounded and examined. The particular 
residue to be used depends upon which 
one is the most economically available 

- to the producer.-The Chemurgic Di­
gest. 

COIIIIIIUOUS BEAI TREATMERI 

Maie Possible by Use 01 
Bigh-Freqaeacy Eaargy 

THE FIRST productio,n-line process of 
high-speed-continuous heat treating, us­

. ing Megatherm high-frequency energy, 
has been established by the Industrial 
Electronics Division, Federal Telephone 
and Radio Corporation. The application 
is to finished bearing pins, each 212 
inches long by 1/2 inch in diameter, case 
hardened . to a depth of .025 inch 
as they are fed automatically through a 
glass tube and water quenched as , they 
leave the heating coil at the rate of 75 
bearing pins per minute. 

High-frequency induction heating is 
the only known process capable of this 
performance. Employing five-mega­
cycle energy, the surface of each part 
treated is heated above its critical tem­
perature in less than one second. Due 
to the high speed with which the heat 
is applied to the surfac(i!, there is in­
sufficient time fof it to penetrate into 
the core and, in consequence, only a 
thin surface layer experiences a change 
in physical state. This means that the 

Production·line heat-treattnq set­
up and. inset photomicroqraph of 
hardened surfac:eyOf a bearinq pin 
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Want to 

j o i n  t h e 

man agem e n t ?  

OF COURSE, you do. No one choosing business as 
a career wants· to remain among the rank-and-file 
employees when there is a chance to take on the 

responsibilities, prestige . and financial rewards of 
top executive positions. And such opportunities are 
always open. 

Management is constantly on the lookout for addi­
tions to its ranks. Routine jobs are easily filled, but 
men with the rounded knowledge essential to execu­

tives are hard to find. 

You have intelligence and ambition . . . two 

essentials. But they aren't enough- if your knowledge 
is confined to a single phase of business. You need the 

, training provided �y the Business Management Course 
of the noted International Correspondence Schools. 

Management's problems require familiarity with 
many phases of business, and this I. C. S. Course 
makes it possible for such familiarity to be yours. 
Finance and business law, accounting and production, 
salesmanship and advertising-all are explained to 
you in practical fashion by recognized authorities. 

A pioneer in business training, 5 2 -year-old I. C. s. 
has graduated thousands who became executives. 
Prove to yourself that you have the intellectual curi­
osity necessary tq a member of the management­
mail the coupon ! 

r -�------------------ - - - - - - - - - - - - - - - - - - - - - � - - - - - - - - - - - - - , -

I N T  E R N  AT I O N  A L C O R R E S P O N D E N C E. S C H O O L S I 
! 
i B U S I N E S S  S C H O O L S  D I V I S I O N  

BOX 61 04.C, SCRANTON 9, PEN NA. 
I 
I 

Without cost or obligation, please send me booklet and full particulars about the course before which I have marked X :  I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

o Business Management 
o Foremanship 
o Managing �en at Work 
o Accountancy 
o Accountancy, with 

Elementary Accounting 
o Accountancy, C.P.A. Prob­

lems and Business Law 
o Accountancy, C.P.A. Prob­

lems and Business Law, 
. with Elementary Acc't'g 

o Bookkeeping and Cost 
Accounting 

o Cost Accounting 
o Federal Tax 

o Junior Accountancy 
o AdvertiSi ng 
o Advertising and Salesman­

, ship, Combined 
o Advertising and Show-Card 

Lettering, Combined 
o Advertising, Salesmanship 

and Show-Card Lettering 
o Direct-Mail Advertising 
o Retail and Department 

Store Advertising 
o Commercial 
o Accountant-Secretarial 
o Bookkeeping and Business 

Forms 

o Business Correspondence 
o English and Bookkeeping 
o Stenographic-Secretarial 
o Commercial i l lustrating 

o Caricaturing and Cartooning 
o Commercial Art 
o Industrial Designing 
o Magazine 'and Book 

Illustrating 
o Newspaper Illustrating 
o Good English 

o French 
o Spanish 
o I nventions and Their 

Management 

o Salesmanship 

o Petroleum Products 
Salesmanship 

o Salesmanship and Sales 
Management 

o Service Station Salesmanship 
o Super-Service and 

Salesmanship 
o Show-Card Lettering 

o Sign Lettering 
o Sign Lettering and Show­

Card Lettering, Combined 
o Traffic Management 

o Motor-Traffic Management 
o Railroad Rate Clerk's 
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central portion retains all its original 
toughness and strength. 

The factory application of this pro­
cess to continuous production-line sur­
face hardening of bearing pins involves 
the following equipment: the hopper 
from which the unhardened parts are 
fed into the glass tube; the heating coil; 
the Megatherm induction units; a con­
nection providing a continuous flow of 
water for quenching, and an ordinary 
work table carrying suitable containers 
for the finished and hardened product 
as ejected from the heating fixture. 

The pins are finish ground prior to 
heat treating, and after the hardening 
process there is no scale or warpage. 
This is due to high speed of the process, 
which makes possible the surface hard­
ening of parts· after finish grmding. By 
the elimination of much costly finishing, 
which heretofore has been required on 
hardened steel parts, immense sa:vings 
are effected. 

The coil used in this bearing pin ap­
plication is a single layer approximate­
ly one inch long by % of an inch in 
diameter. It consists of five turns of 
small copper tubing, and is a permanent 
fixture which does not experience wear 
or deterioration. The wa:ter-cooled coil 
is grounded and does not carry , high 
voltage. 

The bearing pin application is only 
one of a family which includes a wide 
range of shafts, bearings, round and flat 
surfaces, zones, spots, cam surfaces, 
.gear teeth, lever ends, and other com­
mon machine tool parts. The method 
has been applied to pieces as small as 
Ifs inch in diameter and to bearing sur­
faces up to six inches in diameter. All 
applications are characterized by high 
speed, the fact that a uniform thin sur­
face layer of hardened material is ob­
tained, and by freedom from distortion. 

STEEL STlFFJlESS 

Shown 10 he Grealer Than 

Thai 01 Casl Iron 

.A SIMPLE device for demonstrating the 
stiffness superiority of steel over cast 
iron is shown in the accompanying il­
lustrations. 

The testing unit was devised by C, 
W. Lytton, welding engineer of The 
Lincoln Electric Company. It consists 
of a square:"shaped jig made of 2 by % 
by 5/32-inch channels welded at the 
j oints to form a 15Y2 by 13%-inch 
structure. 

In demonstrating, two bars of equal 
size are used, one of steel and the other 
of cast iron. The first illustration shows 
the jig with a 12-inch steel bar, %-inch 
wide by Ifs-inch thick, with one end in­
serted 1% inches in a clamping support. 
A load of 2% pounds has been applied 
through a rod attached to a small scale, 
the other end of the rod being attached 
to the steel bar exactly 9% inches from 
the fixed. support. 

Deflection of the steel rod under this 
load is 15/32-inch, as shown by the 
rule fastened at the right of the jig. 

The second illustration shows the re­
sults of a similar test using a cast iron 
bar of the same size with a 2% pound 
lqad applied at the same point. Here, the 
deflection measures 1 5/32 inches as 
shown on the rule, thus proving that 
the steel bar is 2.44 times as stiff as cast 
iron from th� standpoint of deflection. 

The results shown by this simple test­
ing jig support laboratory ' tests of a 
similar nature which prove that steel is 
not only stiffer than cast iron but is also 
more resistant to fatigue, shock, and im­
pact and is extremely ductile, thus ful­
filling many design requirements. 

TOIQVEMml 

Exlends Bomher lange, Bas 

Olher Applicalions 

A "MAGNETIC TAILWIND" that will en­
able American bombers to reach targets 
100 miles or more beyond their present 
range has been developed at the West­
inghouse Research Laboratories. The 
"tailwind" is a new magnetic-coupled 
torquenieter which makes it possible 
for a bomber . pilot to determine the 
power output of his engines 10 , to 15 
times more accurately than with the 
method now commonly used. With this 
precise information, it is easy to adjust 
the engines to achieve maximum fuel 
economy, squeezing 5 to 10 percent 
more miles out of each gallon of high­
octane gasoline. 

The torquemeter conveys its informa­
tion to the pilot by measuring the 
"twist" in the hollow steel shaft con­
necting a bomber engine to its propeller. 
The amount of twist-it may be only a 
few thousandths of an inch for a dis­
stance of several inches along the shaft 
-is an accurate measure of the driving 
force delivered to the propeller by the 
engine. 

Vital part of the torquemeter is a sta­
tionary metal sleeve and coil assembly 

A jiq for demonstratinq stiffness of steel (left) and cast iron (riqht) 

The torquemeter is sensitive enouqh 
to measure the deqree of twat ex· 
erted in a steel shaft by the handa 

which encircles the propeller shaft. 
Projecting from rings on the propeller 
shaft are two sets of gear-like teeth 
whose faces are a few thousandths of 
an inch apart. As the propeller shaft 
twists under load, the relationship be­
tween these teeth changes. Invisible 
magnetic "fingers" extending across the 
gap between the metal sleeve and the 
shaft detect this change and report it 
electrically to the dial on the instru­
ment on the board. The torquemeter 
enables the pii'ot to figure an engine's 
horsepower within 1 or 2 percent. With 
this knowledge he can adjust each 
engine's throttle, fuel-air ratio, and 
propeller pitch so all engines ar� de­
livering power at the same rate and at 
peak economy. 

Other magnetic torquemeters are 
destined for use in laboratories where 
new types of aircraft, truck, and. tank 
engines are being developed, and in 

. naval laboratories, where engineers 
need accurate measurements of the 
power transmitted by 'a ship's propeller 
shaft, a set of reduction gears, or a 
whirling turbine. 

ACID ' CAlllElS 

Designed lor Vse on 

Air�Cargo Transporls 

ANOTHER knotty problem of air-cargo 
transportation has been solved with 
the use of synthetics. Dangerous cor­
rosive acids such as hydrofluoric and a 
wide variety of solvents may now be 
transported in collapsible emergency 
containers as a result of further devel­
opment by United States Rubber Com­
pany of synthetic products. 

These containers are made in flexible 
disk form and measure 56 inches in 
diameter. They are assembled in two 
parts in sheet form. One is · a light 
cotton fabric which is treated with 
vinylite. The other is coated with syn-

, thetic rubber. They are held together 
with small eyelets spaced about three 
inches apart which are stapled into the 
material. A light-weight cord is drawn 
through the eyelets. The completed 
article is then ready to be placed 
around either a glass or metal container 
and drawn tight.- much as a tobacco 
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NOW ! " A  New Look of Youth " 
in Zenith's RADION IC H EARI NG AI D 
with the New �.� Earphone and Cord 
Standard Equipment • • •  No Extra Cost I 
Now, to Zenith's famous precision qual­
ity, years of research have added another 
great advance : an entirely new standard 
of smartness and style ! 

With the exclusive new Zenith NEUTRAL­
COLOR Earphone and Cord, even the most 
sensitive-minded person can wear an aid 
with new confidence and poise. For what 
modern styling did for eyeglasses, this 
smart Zenith ensemble does for the hear­
ing aid : gives it a new "look of youth." 
The visible parts are scarcely noticeable­
they complement any complexion. 

Try it yourself, and see the proof ! Dis­
cover, too, the remarkable performance 
and economy that have won for Zenith an 

amazing popularity among hearing aids ! 
No "high-pressure" methods . . .  your own 
ears will decide. Visit your Zenith dis­
penser. Or mail coupon below for com­
plete information. 

How Can $40 Buy This Fine Precision 

Quality ? Because mass production makes 
possible far greater precision than small 
production, and at the same time it cuts 
costs. This is simply Zenith history repeat­
ing itsel£ Zenith portable radios once sold 
for $200. Mass production made them bet­
ter, and lowered the price to $29 ! Zenith's 
leadership in PRECISION MASS PRODUC­
TION is the reason you enjoy Zenith's high­
est quality in a hearing aid at $40 ! 
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RADIONIC PRODUCTS EXCLUSIVELY­
WORLD'S LEADING MANUFACTURER 
All Production Now for War or Rehabilitation 

CANADIANS I The New Zenitl:. Radionic Hearing Aid is now available in 
Canada - direct by mail only - at $40 complete ( CanadIan currency) with no 
additional charge for transportation. duties or taxes ! For particulars write our 
<;:anadian distributor, Dept. SA·9,  Zenith Radio Corporation of Canada, Ltd. , 
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pouch, to insure against spillage on any 
part of the plane. 

The need for this article was found 
when Army aircraft engineers found 
that spillage of acid resulting from ac­
cidental breakage while in transit was 
seeping into the frames of planes which 
carried this corrosive cargo and doing 
untold damage to · the fuselage. This 
method of shipping has completely 
eliminated this hazard. 

Should breakage occur or should the 
caps of the containers become loosened 
owing to vibration, the acids now spill 
into . the emergency wrapping. A flex­
ible hose is inserted into a rubber disk 
which is placed into the top of the 
container before the draw strings are 
tightened. The acid fumes are carried 
off through ' this tube, thereby com­
pletely dispelling any possibility of 
damage from fumes or liquid. 

RECORD FILMS 

Malle Accuralely by 

Rew Process 

A . SIMPLE and economical method of 
condensing and preserving vital records 
for an indefinite p�riod is announced 
by .Microcopy Corporation ·in the 
Microcopy Translite Hi-Reduction pro­
c�ss. This is the . application of micro­
filming to engineering drawings, as well 
as ;;my other valuable record, document, 
drawing, map, or similar material kept 
in industrial manufacturing plant files. 
Because of tlie higli-fidelity translite 
feature, it is particularly adaptable to 
engineering drawings, in pencil on 
transparent paper. 

Microcopy, being a photographic rec­
ord, is a faithful copy of the material 
microfilmed. The negative can be used 
to make copies on other pieces of film 
or · to enlarge and make ' copies . of the 
original in any size desired, whether ac.., 
tual, larger, or smaller. These copies 
may be made on tracing papeI;, cloth or 
film. As many film duplicates as desired 
may be made. Thus, duplicates made 
may be transmitted to branches, service 
depots, and otheI; points. 

For reading Microcopy, a Microcopy 
M�tip

.
le-Ma?nification Viewer is sup­

plIed In vanous models. This Viewer, 
operated on 'a motion picture film pro-

Microfilm image projected on screen 
of multiple·magnification viewer 
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jector principle, is operated from a con­
trol panel. It facilitates finding locations 
on films by permitting enlargements to 
be made on the screen, as well as per­
mitting any portion of the frame to be 
centralized within the frame for easier 
reading. 

SCIERCE EDUCATIOR 

Reeded 10 Meel Ihe 

Com�ng "Anlomalic Age" 

AGGRESSIVE methods for capitalizing the 
immense "stockpile" of scientific knowl­
edge built uP .in accelerated wartime 
research must include a broad educa­
tional program directed to the millions 
of average Americans who will want 
and use the improved products of the 
future, says Ernest R. Breech, president 
of Bendix Aviation Corporation. 

"H industry is to maintain its · status, 
re-established in this · war,. as the. main 
driving force in American life, it must 
take the lead in ' coordinating science 
with mass education," he declares. , 

Stepped-up product development and 
amazing progress in mass production 
methods to meet war's unprecedented 
requirements for scientific devices" he 
points out, has brought the world 10 to 
20 years closer to an ultimate "auto­
matic age," destined to "remove drudg­
ery, brute force, and awkwardness from 
the every-day lives of millions." 

"Grappling with the realities of a 
scientific war for survival," Breech ' 
points out, "a large segment of Ameri­
cans-including millions of American 
men and women on the battlefront and 
home production front-have , speedily 
acquired a close-up practical education 
in basic and even advanced sciences that 
were little more than words to them a 
few years ago. 

"In many cases, particulal;'ly in the 
armed forces, their intensive stream­
lined training has given them a more 
complete and workable practical '  scien- ' 
tific . education than the average college 
graduate possessed 10 years ago. For 
they have learned to produce and mas­
ter the efficient use of equipment which 
represents the highest peaks of develop­
ment in electronics, hydraulics, electro­
mechanics, aeronautics, the mechanical 
arts, chemistry, medicine, and physics. 

"Their rediscovered faith in scientific 
progress and the immense stockpile of 
personal ingenuity and practical knowl­
edge they have built up the hard way 
i� �is war constitutes one of �e na­
bon s most valuable assets · in translat., 
ing wartime technical advances into 
terms of the common good. 

"But we must plan now to use and 
expand this tremendous educational 

. force to develop a buying public keenly 
aware of the new opportunities that will 
be open," he concludes. 

PORTABLE BARGAR 

Assembled from Sleel 

Arches and Panels 

SIMPLICITY of erection
' 

and saving of 
critical materials . are among the ad­
vantages claimed for a new portable 
steeT hangar building deSigned and 
manufactured by The American Rolling 

Up goes a hangar arch 

Mill Company. It is reported to be 
capable of carrying a higher load per 
pound of steel than any other current 
designs. 

Two sizes of . hangar have been built 
to date, one with an inside width at the 
base of 152 feet and a height of 36 feet, 
7 inches; the other with a width o� 192 
feet and a height , of 48 feet. The length 
may. be any multiple of 17lJ.! feet. 

The arches, ass�mbled at ground level, 
are made up of pressed metal units 
bolted together into segments that are 
identical and interchan.geable. Space 
between the arches is covered with 
standard Ste,elox panels. These span 
from arch to arch, serving both as pur­
lins and roofing. They are bolted to the 
top chord ,of the arches. These panels 
are the same a:s have been in use for 
frameless st�el . building construction. 
The ends of the hangar, including the 
do.ors, are built of Steelox panels. · A 
new type of multiple door section is 
supp'orted on a single bottom rail. 

DGIIES OF WAR 

Provide Power For Gioltal 

Fighling on Land. Sea. and In 1'he Air 

lIGHT and day, America's No. 1 me­
chanical · hero, the internal combustion 
engine, is blasting away at the enemy's 
stronghold from land, sea, and air in 
a mighty outburst of power. 

A steady toiler in peace and a raging 
force in war, the internal combustion 
engine has taken on many new roles in 
this global conflict, powering . a variety 
of craft from Ducks and PT boats to 
jeeps and 400-mile-an-hour fighter 
planes. 

Engines by the carload have roll�d 
from automotive assembly lines' since 
the war began. RangiRg from small 
stationary engines to the lluge power 
pl�nts of super-bombers and super­
fighters, they are providing America's 
fighting men with unexcelled perform­
ance on 'land, on sea, and in the air. 

Horsepower potential of these 
engines, not available because of so 
many weapons still on the secret list, 
would be almo.st unbelievable. How­
ever, the 220,000 aircraft engines alone, 
that have be�n delivered by ihe auto­
motive industry, represent the astro.­
nomical total of 297,150,000 horsepower. 
This is equivalent to the combined gen­
erating capacity o.f 84 Boulder Dams 
and 56 Grand <;:oulee Dams, Or, it is 
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equal to nearly 30 horsepower for every 
man in the armed forces. 

Automotive research and develop­
ment in the Diesel type of internal 
combustion engine is mainly responsi­
ble for the startling fact that Diesel 
power llow exceeds steam power in the 
United States Navy. 

All the four major type landing craft, 
so prominent in current invasion dis­
patches, are powered by Diesels, 71 
percent of which are produced by a 
single automotive company. 

The powerful gasoline engines of the 
Navy's sensational PT boats are an ex­
clusive product of another automotive 
firm-a development going back to the 
Detroit River speed-boat races. 

Even the Army's reliable foot sol­
diers, the men of the infantry diviSions, 
have 400,000 horsepower . per division 
at their disposal. Representing an 11,-
000 , percent increase over the 3200 
horsepower of the World War I infantry 
division, the �obi1ity of today's in­
fantry points up the progress that has 
been made by automotive engineers 
since the end of World War I. 

More than two and a quarter mil­
lion military vehicles have been pro­
duced by the aUtomotive industry since 
the present war began in 1939. The 
horsepower represented . in these ve­
hicles, combined with the automotive­
�produced engines for tanks and ships, 
planes and · submarines, and the thou­
sands of other wartime uses of the in­
ternal combustion engine, presents a 
staggering total. It adds authority to 
the recent statement of a high Army 
officer ·that "this is a war of motors."­
Automotive War Production. 
WATEIl IEPELLAIT 

Fabric Desigaed oa 

New Rypolhesis . 

A NEW type 6f water-repellent cotton 
fabric, whose water-resisting proper­
ties are due largely to the unique 
construction of the cloth, has been 
developed by Dr. F. T. Peirce of the 
British · Cotton Industry Research As­
sociation, at Shirley Institute, accord- · 
ing to Textile World. Reports from Eng­
land indicate that the Shirley method is 
being employed in the manufacture of 
fire hose, canvas, and raincoat fab�s, 
and recently some experiments have' 
been carried out in this country on pro­
duction of similar types of water-re­
pellent fabrics. 

"In his experiments," says Textile 
World, "Dr. Peirce worked on the hy­
pothesis that if the cotton fibers in a 
fabrics were in such a condition that 
they could swell when moistened, they 
would, in contact with water, block 
up the interstices · in the cloth, thereby 
making it water-repellent and water-
resistant." ' 

FIIlEPIlOOF UPHOLSTEIY 

Is Also a,sislaal 10 
Oil uti "selia, 

I tw »Iastic fireproof upholstery has 
beed ' ordered by the Navy as manda­
tory equipment for alI combat ships, to 
provide added protection against fire. 

The upholstery covering, which will be 
used on furniture of alI new Navy com­
bat ships and old ships returning to 
service after repairs, is non-smolder­
ing, gasoline and oil-resistant; and ex­
tremely durable under wide tempera­
ture ranges. It is also being used as 
turret . lining and seat covering in both 
bomber and fighter planes. 

The plastic upholstery will provide 
for the first time, in peace years, a fire­
proof upholstery for use in night clubs, 
theaters, civilian airplanes, passenger 
ships, buses and trucks, and so on. 

Before the fireproof upholstery was 
submitted to the Bureau of Ships, the 
United States Rubber Company sub­
mitted the material to many rigid tests. 
In the fire test the material was sus­
pended for 12 seconds in the flame of a 

Bunsen gas burner. After removal, it 
burned less than two seconds. 

To prove its resistance to high temp­
erature, it was exposed for three hours 
at 180 degrees, Fahrenheit, without be­
coming soft and tacky. To prove its 
resistance to low temperature, it was 
sUQjected to a temperature of -40 de­
grees, Fahrenheit, without cracking 
when sharply creased.. After exposure 
to oil for' an hour, it showed no per­
meation of the fluid or other ill effect. 
After exposure to gasoline for a min­
ute, it showed no permeation of the 
fluid or other ill effect. ' 

Because fire and smoke caused loss 
of combat ships, the Navy asked United 
States Rubber Company during the fall 
of 1941 to develop a fireproof covering 
for berths that would climinate the haz-, . 

Experien(e Shared . . . Produ(tion Multiplied 
When war came to this nation, even the 
gready expanded facilities of Bausch & 
Lomb could not meet the urgent demands 
for binoculars as well as the'range finders 
and other military instruments which only 
this company was equipped to produce. 
There was a tremendously increased need, ' 
too, for optical instruments of the utmost 
precision for industrial research and con­
trol . . .  that our fighting men might have 
fighting tools second to none. 

Faced with this situation, Bausch & 
Lomb at once increased its own binocular 
production more than twelve hundred per 
cent and multiplied its effectiveness by mak­
ing its specifications and production expe­
rience available to six other manufacturers. 

In addition, the Bausch & Lomb glass 

plant makes and supplies the fine optical 
glass which goes into lenses and prisms 
not only of the binoculars this comp�y 
manufactures, but into others as well. 

Thus, through the expansion of its glass 
plant and the sharing' of its knowledge 
and experience in binocular manufacture, 
Bausch & Lomb is making possible an 
uninterrupted supply of these optical 
instruments for America's Armed Forces. 

Makers oj Optical Glass and a Complete Line oj Optical Instruments jor Military 
Use, Education, Research, Industry and Eyesight Correction, and Conservation 
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ard of burning or smoldering mat­
tresses and bed covers. 

Through the use of synthetic resins, 
laboratory technicians in one of the 
company's plants perfected a fireproof 
compound to be used as a coating on a 
fireproof base fabric----developing for the 
first time a coated fabric that was fire­
'Proof as well as waterproof. Later the 
material was improved to include re­
sistance to oil, gasoline, salt water, and 
perspiration and to provide durability 
over wide temperature ranges. 

ruBIRG STRAIGBTERER 

Saves Valuahle Maa­

B01ll's ia laduslry 

A DEVICE which speeds up a time-con­
suming operation-that of straighten­
ing rolled steel tubing-has been . de­
vised by two employees at one of the 
plants of The Cooper-Bessemer Corpo­
ration. Typical of many practical ideas 
that have been conceived by workmen 
and put into use to increase efficiency 
in various industries, the tube straight­
ener is one of the simplest of labor­
saving tools. Made of a few odds and 
ends of metal and a series of five 
rollers, the device eliminates former 
hand-straightening operations which 

Worker·deviSed tubinq straiqhteller 

consumed valuable man-hours that can 
now be utilized in more productive 
work. 

The tubing, of 1/4- and 5/16-inch di­
ameter, is received in large coils and 
previously had to be unwound as 
needed, straightened with a paddle,· 
then bent and formed to fit a specific 
connection. With the device shown in 
the accompanying illustration, the coil 
is simply positioned over a bracket at 
the side of the contrivance, the loose 
end is threaded through the rollers, 
and the tubing is straightened by pull­
ing it out along a horizontal tray where 
it is measured and cut off to the re­
quired length. 

FLUORESCENT ENVELOPES 

Make Coaleals Visihle 

Under "Black Lighl" 

r LUORESCENT plastic envelopes are mak­
ing night map reading possible aboard 
Allied planes, ships, and small boats 
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The envelope illuminates the chart 

without the need of blacked-out quar­
ters in the navigator's compartment. 

"Plastacele" cellulose acetate plastic 
incorporating a fluorescent pigment 
emits a minimum glow sufficient to 
make descriptive material covered by 
the envelope visible under the "black 
light" of near ultra-vJolet rays. Visibil­
ity of materials enclosed by the en­
velopes is also good under ordinary 
white light or in daylight. 

Already at least one commercial air-'­
line is planning to make use of this in­
teresting war-time development in its 
post-war . operations. 

REA VY -DUTY OILS 

Posl-War Molorisls WiD 

Benefil Irom Technical Progress 

HEAVY-DUTY lubricating oils satisfac­
tory for use in internal combustion 
engines under extremes of heat, cold, 
and service have been developed for 
the United States Army by the auto­
motive and petroleum industries, ac­
cording to Captain W. B. Bassett, Of­
fice, Chief of Ordnance, Technical 
Division. 

Describing the development before 
the recent SAE National Diesel-Fuels 
and Lubricants Meeting, Captain Bas­
sett said that the oils, containing com­
plex compounds assuring stability 
under heat, low pour points in cold 
weather, resistance to corrosion, and 
adequate detergency, have been stand­
ardized for use in tlie Army's Diesel 
and gasoline engines. Some of the oils 
were ready for public use just before 
the war, he added, but shortages and 
military requirements have restricted 
their use until post-war. . 

Typical of the performance of the oils 
in service, Captain Bassett explained, 
are results of a 5000-mile test run with 
cargo trucks. Operated without oil 
change and with crankcase tempera­
tures held at 280 degrees, Fahrenheit, 
the engines were said to have been 
found in unusually good condition, 
with piston rings free, no deposits evi­
dent, no sludge accumulated. 

UNIT REFRIGERATION 

Sayes Weighl and Space 

On Boud Ship 

I EARLY 1600 square feet of vital cargo 
area and more than 16,000 man-hours 
of installation time will be saved on 
133 of the nation's new Victory ships 
by a compact new packaged refrigera­
tion plant, a development of the York 
Corporation engineering laboratories in 
collaboration with naval architects. 

By conserving weight, space, and vital 

material through the design of the new 
unit, ample refrigerated stores of fresh 
foods will be made available even on 
extended voyages. Outstanding feature 
of the packaged plants is the combina­
tion of twin refrigeration compressors, 
receivers, condensers, and all refrig­
erator auxiliaries which, by means of 
cross connections, can be operated sep­
arately on both high and low tempera­
ture rooms. In emergencies, either com­
pressor can be connected to carry both 
high and low temperatures simultane­
ously. 

Refrigerant receivers for the plants 
form an integral structural part of the 
base, thus increasing the rigidity of 
framework at the minimum of weight. 
Built in the form of a rectangle, all 
piping and valves are located for easy 
accessibility to all parts. In addition 
to their application for ship stores re­
frigeration on the Victory ships, York 
is now building similar packaged 'units 
for other type vessels. 

With the exception of piping connec­
tions to cooling coils and water supply, 
the new unitary apparatus is ready to 
use when shipped, saving valuable as­
sembly time. 

COlL WIRDER 

Delays Firsl Tura 10 

Meel Specificalions 

T HE PRINCIPLE of the "delayed buck" 
of the gridiron is helping to produce 
generator armature coils. As the husky 
fullback is delayed a second before 
crashing into the line, so a strand of 
wire is delayed before it is sent spin­
ning to form a coil. 

Engineers of the Electric Auto-Lite 
Company developed the machine for 
winding the armature coils of a popular 
type of generator that has two wind­
ings-one of four turns and another of 
three turns of wire. However, the two 
windings must be made together so that 
they can be fastened into one unit be­
fore being inserted in the armature. 

At first the coils were wound from 
two stands of wire in a rectangular 
form, after which the operator cut one 
turn away-a process which not only 

Delayed rotatiOll solves coij problem 
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delayed production but also necessitated 
the waste of about 12 inches of wire. 

After many experiments a machine 
design . was developed which delayed 
the rotation of the second part of the 
winding form until the first wire had 
made one complete turn. 

After this turn had been wound, the 
three additional turns are wound with 
both wires to complete the coil. This 
gave four turns on one coil and three 
turns of the other coil as specified. 

CERAMIC DEFECTS 

Reveal,d .y Peaelraling 

Ey, 01 •• , X-Ray 

SOME interesting developments on the 
application of x-rays to ceramic ma­
terials and products have been disclosed 
as the result of co-operation between 
20 ceramic companies and North 
American Philips Company, Inc., in the 
investigation of problems involving re­
fractories, glass, insulators" crucibles, 
and chinaware. 

Radiographs show that plate glass and 
lead glass-which look the same to the 
naked eye-are radically different when 
photographed by x-rays. Since lead 
greatly affects ray absorption, it is 

' possible to detect small differences in 
lead content. Radiographs of fire brick 
and refractory furnace orifice rings re­
veal hidden defects, not visible on the 
exterior. Bread plates which were 
radiographed before and after glazing 
showed the uneven distribution of the 
glaze after firing. Glaze mixtures 
usually contain compounds having high 
atomic weights (high ray absorption) 
and, though applied in thin layers, 
differences in thickness show up re­
markably well. 

MATERIAL BAIDLIlIG 

Adds 10 Cosl "I 
101 10 Valu, 

MATERIAL handling is the greatest 
single item of labor cost in most indus­
tries, according to Randolph W. Mal­
lick, Section Engineer of Westinghouse. 
"In the United States alone it consti­
tutes about 22 percent of labor costs and 
represents approximately a $4,000,000,-
000 payroll annually. 

"Material handling is one very im­
portant operation in industry which 
adds only to the cost and nothing to the 
sales value of the product. The ultimate 
consumer is interested only in the 
quality and usability of the product, and 
in most instances these things suffer 
when the product is handled unneces­
sarily and . excessively. In handling, 
parts are often damaged, lost, misplaced, 
and require additional use of time and 
facilities. 

"Intensive studies of effective work 
areas have proved that work areas 
within the range of a normal sweep of 
an operator's hands are the most effec­
tive for a given performance," Mr. 
Mallick continues. "Time lengthens the 
manufacturing cycle. The longer the 
Irtlmufactui-ing cycle the lower the total 
output in a given period. The lower the 
output, the higher the cost. 

Ingenious New 
Technical Methods 

Presented i n  the h o pe that they wi l l  
prove i n teresti ng and useful  to you. 

Revolutionary Hy-cycle Autom�tic Arc 
Provides Complete Control of Arc and Heat 

At last, a development that automatically starts the 
arc before the welding electrode actually comes in 
contact with the work! Eliminating the "pecking" 
or "scratching" that so often creates tension and 
operator fatigue. Its many advantages contribute 
largely to saving time and labor because an oper· 
ator can be trained in far less time than usual, and 
higher speeds can be obtained. This hy-cycle auto­
matic arc unit, called "Missing Link,"!.ermits the 
operator to weld with any welding ro , bare steel 
or alloy. Rods that could not be used before can be 
burned with ease-such as bare mild steel, dust 
coated, reverse polarity, aluminum, bronze, stain­
less steel, etc., AC or DC. 

One of its most important advantages is weld­
ing light gauge. Light gauge requires low heat­
making many jobs almost impossible for ordinary 
methods. Since th.e "Missing Link" starts auto-
matically on as low as one ampere of heat, the 
welding of light gauge sheet can be done with sur­
prisin� speed with no time out for "pecking" and 
"sticktng." 

You all know that our fighting men need the 
finest quality materials that we here at home can 
produce. That goes for Wri�ley's Spearmint Gum, 
too. Although our stock pde of quality raw ma­
terials is getting lower and lower we are main­
taining our standards of quality. Naturally, we are 
forced to limit production. So we are giving pri­
ority where it is needed most-and where you 
want us to-our fighting men and women overseas 
only. Because chewing gum is essential to them­
they are getting all of our limited production of 
Wrigley's Spearmint Gum. 

You can get complete information from Mid-States EquiP. 
ment Company, 2429 S. Michigan Ave., Chicago 16, Ill. 

Simplifies welding vertical 

and overhead 

Makes it easy to weld light 

gauge work 
Y-1 33 

''We know that if material can be 
brought to an operator at a st�ady rate, 
to a predetermined position, and taken 
away from an operator at a constant 
rate, from a fixed discharge point, then 
the operators effort will be used in the 
most effective manner. This is an ideal 
condition, and while it would not be the 
answer to every problem, much can be 
done by using this ideal condition as a 
nucleus around which to work. Just 
casually watch some person doing some­
thing in the course of his every-day 
work and 'mentally visualize how that 
simple operation could be improved. 
We must recognize the fact that persons 
are not normally conscious of doing 
things in the most effective manner. 
Habit has much to do with it. 

dependent upon the effectiveness of the 
operator. If the operator is burdened 
with material handling, then he is not 
producing to the best possible ad­
vantage, nor is the machine, which 
represents a capital investment, and 
possibly today, a critical part of our war 
effort. I have seen machines perform 
operations in fractions of a second 
while the material handling preparation 
required ten-fold that amount of time, 

"In many industries today we have 
such machines whose output is largely 

"Although we classify industries ¥ 
continuous-flow, such as oil refineries, 
distilleries, certain foodstuff industries, 
arid the like, and intermittent-manufac­
turing industries, such as most of the 
equipment and apparatus plants, we 
are prone to accept these classifications 
too definitely. It is possible and it should 
be a goal for all plant-layout and ma­
terial-handling engineers to try to ap-
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ply the principle af cantinuaus flaw to. 
as many aperatians in intermittent in­
dustries as passible," Mr. Mallick can­
cludes. "Each time material is stapped 
in its cycle af pracess ar is set dawn 
and picked up, we add to. the cast af the 
praduct." 

GLASS-TO-MET�L 

Solderiag Made Possillie 

By Melalliziag 

AN EXAMPLE af unusual uses far metal­
lizing is to. be faund in American Meter 
Campany's saldered seal index bax far 
gas 'meters. This unit emplays a Pyrex 
glass windaw which is soldered to. its 

Sprayed copper permits solderinq 

metal frame. Gas-tight, air-tight, 
shack-praaf, and unharmed by repeat­
ed washing in the cleaning salutians 
used in meter repair wark, this re­
markable band between twa such dis­
similar materials awes its permanence 
to. metallizing. 

Capper is first sprayed an the edges 
af the glass, praviding a perfect surface 
far the salder which seals glass and 
metal frame tagether. In mast appli­
catians af this tYpe, the anly prepara­
tian necessary is to. heat the glass priar 
to. metallizing. This methad af prepar­
ing glass far metallizing is used far 
many ather applicatians, including the 
sealing edges far dauble windaws used 
in stare refrigeratars, and far reflective 
and masked surfaces on light bulbs.­
Meteo N eW8. 

PUMPING WITB AlB 

Grilly Liquids Caa he Baadled 

Wilh Qaickly Rigged Eqaipmenl 

COMPRESSED air has been applied to ac­
tual lifting af water and ather liquids 
from wells for better than half a cen­
tury, but anly in mare recent years has 
engineering knowledge overcome a 
papular misconceptian regarding its 
utility and perfarmllnce. 

The most universal applicatian is, 
of caurse, in the pumping af water or 
ail fram wells. 

Consider an apen well, or any bady 
af water deep' enough, regardless af its 
volume ar the nature af its enclasure­
a ,  pond, lake, ar river. In the water is 
fixed a vertical pipe far water and a 
pipe far compressed air. These pipes 
shauld be submerged far a certain 
depth prapartianate to. the . lift when 
the pump is at wark. 

It is understandable that the water, 
being free to enter the lawer end af 
the pipe, will rise to. the same height 
inside the pipe as it stands outside the 
pipe. Naw, if air is intraduced under 
pressure thraugh the air pipe into the 
base of the water pipe, the result will 
be an air lift pump. The question at 
ance arises as to. what will prevent the 
air fram gaing dawn and thus dis-
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charging the water' fram the lawer end 
of the water pipe rather than forcing 
the water up thraugh the pipe? 

The answer is this: The air aperates 
as a pump to. lift the water because the 
unbal,anced hydrastatic pressure in the 
discharge pipe is fram a mixed calumn 
af water and bubbles af air af lawer 
specific gravity than the water autside 
the pipe ar belaw the air entrance. 
Thus the flaw is started as this madified 
water seeks a higher level, due to. its 
lighter weight and the unmadified 
water is constantly , being farced up 
by its awn equalizing pressure into. this 
lighter mixture. A continuaus flaw af 
campressed air · into. the diScharg,e pipe 
creates a cantinuaus pumping action. 
The amaunt af flow is dependent upan 
the amaunt and pressure af the cam­
pressed air intraduced. 

Advantages af the air lift include the 
ability to handle gritty liquids and acids 
withaut damage to pumping efficiency. 

The principle of pumping with cam­
pressed air rather than with mechani­
cal devices; has lagical applicatians in 
many fields. Cantractars who. have air 
compressars also. ' have air pumps. They 
cauld use the principle here described 
far emptying water-filled excavatians 
or far filling supply reservairs from ad­
j acent streams and lakes. In the ail 
fields, the compressed air pump can be 

How alr lifts water 

used to. transfer impaunded ail into 
starage, to. repressure and pump aut 
sluggish wells. An air lift pump can be 
rigged up quickly to. "bail aut" ships' 
holds ar to. fill tanks af ships aperating 
in fresh "water. 

BADIAIT IEATIlfG 

DelDoaslraled hy 

liaged Model 

RADIANT heating, which . some archi­
tects and engineers affirm will be ane, af 
the three ar faur revalutianary ideas to 
be accepted generally by the building 
industry after the war, already has 
achieved nearly a thausand recarded 
installatians in this cauntry, accarding 
to. L. F. Rains, president af A. M. Byers 
Company, who. have pianeered devel­
opment af the 'system. ' 

Radiant heating is cansidered to. be 
particularly applicable to. industrial and 
cammercial structures, with special in-

Display . shows heatinq pipes 

terest being demanstrated by architects 
and engineers cancerned with factary, 
haspital, schaal, church, airpart, and 
public building constructian, Mr. Rains 
states. 

To. demonstrate in simple manner haw 
the system functians, the campany is 
equipping its staff af field service engi­
neers with miniature displays like the 
ane with which Mr. ' Rains is shown. 

The display, hinged at the back, can 
be raised to reveal transparent flaaring 
in which is embedded illuminated tub­
ing. This tubing simulates the wraught 
iran pipe cails thraugh which, in actual 
installations, hat water is circulated to. 
canvert the entire flaar into. a heat radi­
ating surface. 

WATER SOLUBLE 

Cellulose Derivative ' Exhihits 

Uselal ProperHes 

SODIUM carbaxy-methyl-cellulase, a 
cellulase derivative which is soluble in 
water, intraduced by Hercules Pawder 
Company, is undergaing experimental 
research to determine the suitability 
af the material in the manufacture of 
emulsians, paints, and textiles, and in 
the oil and other industries. 

Naw iIi small-scale praductian, the 
chemical iii available in experimental 
quantities anly. Praperties af .sodlum 

. carbaxy-methyl-cellulase make it a 
stabilizer emulsifying agent. 

"The material shauld be useful where 
hydraphilic co)laids passessing marked 
suspending, thickening, stabilizing, and 
film-farming praperties are required," 
the campany says. "Same af its possible 
applicatians are to. thicken textile print­
ing pastes, to. emulsify emulsion paints 
and lacquers, and to. pravide a pra­
tective callaid far ail-in-water emul­
sians. 

"Its film-farming praperties make it 
useful in coatings, particularly far 

. greaseproaf caatings. Other uses far 
the water saluble callaid are in. the 
manufacture af bailer campaunds, 
creaming latex, ail drilling mudS, cera­
mics, can sealing campaunds, anti-stick 
campaunds, leather finishes and many 
ather industries. 

"Sadium carbaxy-methyl-cellulase is 
supplied as a white, granular pawder, 
adarless, tasteless, and readily saluble 
ar . dispersible in water. Very viscous, 
stable aqueous s.,alutians can be ab-
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tained with - it. Aqueous solutions can 
be evaporated, leaving colorless, tough, ­
transparent films which are unaffected 
by the common organic solvents, oils, 
fats, and greases. Some salts and acids 
react with sodium carboxy""inethyl­
cellulose films insoluble in water." 

Tables and data have been prepared 
by the company showing viscosity, ef­
fects of salts and acids, compatibility 
with various materials, and physical, 
chemical and other properties. 

MlLDEw·mLEB 
Is •• a-'.i .... a •• 

EalY I. U •• 

,T 0 KILL and prevent mildew is the 
aim of a new product, called Mil-du- ­rid, which is believed to be the first 
fungicide for home use .. Hitherto, such 
fungicides have been for industrial or 
agricultural purposes and have con­
tained poisonous ingredients unsuitable 
for household use. Its need and its per­
formance have been amply demon­
strated on military fabrics under field 
conditions in the tropics. 

Mil-du-rid can be used safely any­
where in the home . . . on shoes, lug­
ga,ge, books, clothing, rugs, furniture, 
walls, fiool"S, closets, basements. It can be wiped or sprayed on and will not 
harm anything water itself does not 
harm. 

Laboratory research has perfected 
the. furmula which will kill and prevent 
the growth of mildew on all types of 
materials and textiles found in the 
average homl:!. Mil-du-rid is a highiy 
concentrated liquid which consumers 
can use either full strength or diluted 
with as much as 50 parts of water de-
pending on the specific use. 

' 

SPEEDWAY EYES 
Necessary lor Saf.ly Oa 
P.sl-War Biglaways 

E YE� of millions of American automo­
bile drivers would be menaces on the . 
proposed

. 
national system of speedways 

whIch would be designed for cruising 
speeds of not less than 75 miles an 
hour. 

Although the visual qualifications of 
drivers ili respect to high speeds ar� 
almost wholly neglected by automotive 
safety organizations; enough facts have 
co�e to light to show that eyes of 
drIvers have an important bearing on 
safety, and that many drivers now are 
operating their cars at speeds beyond 
their visual qualificationS, says the 
Better Vision Institute. 

A . series of studies on the relation 
of seeing distances to car speeds was 
m�de at Iowa State College, which led 
A. R. Lauer, associate professor of 
psychology, to conclude that unre­
stricted driver licenses should be given 
only to those havmg "at least 20/40 
vision in both eyes, or 20/30 vision in 
one eye. When vision reaches 20/80 
or 20/100 it may be pest to limit the 
applicant to daylight driving or to 
speeds below 30 miles an hour." For 
eyes with natural acuity of less than 20/10'0, he recommends top speeds of 
under ' 25 miles an hour, saying that 

such "recommended speeds will seem 
quite low, but they are calculated in 
accordance with the known facts of 
seeing and stopping distances. They 
actually represent the safe speeds for 
the classes of drivers concerned." 

COLD TREATING 

Devel.ps Playsical Clluges 

ba Melals 

COLD treatment of metals-very cold­
ranging from 80 to 130 degrees below 
zero, was described recently by G. B. 
Berlien, Chief Metallurgist of the Lind­
be)"g Steel Treating Company, at a 
meeting of the American Society of 
Mechanical Engineers. In a paper en­
titled "Sub-Zero Refrigeration Applied 
to Tool Steels," Mr. Berlien said in 
part: 

"All of us who are working with 
metals that respond to heat treatmen:t 
are aware of the fact that various cool- -
ing mediums, such as salt brine, water, 
oil, hot lead, and hot salt, are used to 
provide suitable rates of cooling for the 

type of steel being treated. Discussions 
of the use of these quenching mediums 
inferred th.at quenching would reach 
its ultimate in effect at room tempera­
ture or slightly above room temper­
ature. 

"Science is seldom satisfied with the 
ordinary concept of, supposed truths 
and therefore investigators decided to 
find out whether there could. be any 
further . change in the structure . of 
metals that were cooled far lower than 
room temperatute. Early investigations 
were made using liquified gases, such 
as liquid air, liquid oxygen, and liquid 
nitrogen. Solidified carbon dioxide, or 
dry it;e, also served to supply an inter­
mediate . temperature between room 
temperature and the temperature of the 
liquid gas. 

"Several physical changes were noted 
in metals that had been quenched to 
very low temperatures. First; there was 
an increase in magnetic qualities. Also, 
a volume increase that was permanent 
at room temperature after such treat­
ment was an important factor. Along 
with the above two changes, there oc-

, 

PREC/S/OJV 
- AS VITAL I N  WAR AS I N  PEACE 

In every theater of war South 
Bend Lathes are holding . to their 
pre-war traditions for dependable 
precision. In the mobile machine 
shops of our mechanized forces 
they duplicate factory tolerances on 
intricate parts needed for emer­
gency repairs on essential equip­
ment. On board many of the Navy's 
fighting ships, where high precision 
is an absolute requirement, they 
are also depended upon for the 
repair of mechanical equipment. In. . 
the repair bases of the Air Forces, 
they play an equally important part 
in keeping planes in service. 

In all classes of war service 
these lathes are doing fine preci­
sion work-'-not only with the armed 
forces but also in industry where 
dependable accuracy is as vital as 
speed and versatility in meeting 
war's ever expanding production 
schedules. 

When civilian production is re­
sumed, South Bend precision will 
again prove as indispensable to 
peace-time industry as it is now for 
exacting war work. 

POST-WA,R PRIORITY PLAN 
To those who cannot qualify for a war-time 
priority, . South Bend Lathe Works offers a 
practieal Post-'J'I ar Priority Plan. You can 
place your order now for any South Bend 
Lathe. No deposit or down payment Is re­
quired. We ask only that the order be placed 
in good faith. When civilian production is 
resumed, orders will be filled in the sequence 
established by the numberS of the Post·War 
Priority Certificates. Should conditions ne­
cessitate, the order may be cancelled at any 
time. Write now for details of this plan­
and our Catalog No. 100 - C. 

BUY WAR BONDS . .  · SAVE FOR LATHES 

B E N D . LAT H E  WO R K S  
LATH E IHJl LD !iR$ FOR 3 r  YEARS . SOUTH B E N D"c2 2 ,  I N D I A N A  
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The Morse Decimalizer 
, For accurate placing of decimal point in 

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

Ulated, durable. In le ather case, U. Extra 

( multiplying and divIding) scale, 60 cents 

a.ddltlonal. Money-back gua.rantee,' It 

Instrument I .. returned In 10 days. Circular 
o n  request. 

GEORGE H. MORSE 
92'7 28th Street South . ArUngton, Va. 

�, ' $AtJ{JrA(I�1 
/_� 

\ '\ A

.

re you prepared ! General, Detroit's 

\� new 48·page Buyers' Eneyclopedia is 

, essent!&l to municipal, industrial execu-
t1ves. LIsts 500 items-many "hard-to­
get". Material on care of equipment. ' 
Free I Write General Detroit Corp., 

Dept. 4·E, 2270 E. JelJerson. Detroit 7. 

.MDS���FII 
WIS Lara- Pntfil 

• 
Pree Ill .. m"'ed BookIe' 

WILLOW BROOK FARM 
-. 1Ioow R. D. 93, S.U .... vill.. P •• -

AIMY-NAVY BAIGAINS 
Shot gun nipples, 4 for . . . . .. . . . . . . .  , . . . . . . . .  $1.00 
Flints, a.ssorted, 10 for . . . .  • . .  . .  . .  • . . . . . . . . .  . .  1 .00 
Eagle buttons, old style, 6 for . . . . . • . . . . . . • . .  .25 

- Ca.rtrldge belt, cal. 30 double rpw • • . . . . . • • • .  .60 
Watering brIdle, bit and reins, black . • • • . . . . • • 1 .00 
Krag rear sign Model '92 . . . . . . . . . . . . . . . . . . . . .  1 .00 
75th Anniversary Oatalog 1865-1940 308 pages, over 2,000 illustrations of rilles, daggers, medals, etc. , 

mailed for SOC. Olrcular for 3c stamp. 

FRANCIS B.A:I! NERMAN SONS, 501 Broadway, N .Y. (12) 

Electric Heating Appl iance Elements � Repaired. N ichrocite Paste is Used. 
- To get at otherwise inaccessible 

• places. In toasters. irons. over .. 
:-. -. head elements In ovens, fllmaces 

etc. Simply overlap ends apply 
Nichrocite Paste and turn on cur­
rent. Used by large utility com­

. panys. Generous trial order $1.00, 
4 oz. , $2'1'l;v��f1A�:0� DIST. CO. 

Dept. SA-Box 861 , Minneapolis, Minn. 

r.ash , . Amazine: Opportunities. tr., • N O W  OP E N  in These 
PRACTICAL Money-Making Tradesl 
wa tch a n d  clo ck r e p a i r i n g  

locksmithing and key making 

�-'Free Details-Mail Coupon Todayl.-., 
I NELSON CO., Dept. 8J3 1 . 321 S.Wabash,Chicago4,IIL I 
I Please send me-FREE and without obligation-ilIus- I 
I trated Success - Catalog containing Information about I the course (or courses) I have cheeked below. No sales .. I I men will call. 0 Watch and Clock Repairing. 
I 0 Locksmithing and Key Making. I I I I NAME ----------------------- I 
I ADDRESS _ __________________________________ I 
� , I C1TY ________ ,STATE. ________ • 

� � � - - - - � - � - - � - - � - -
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curred an increase in hardness suf­
ficient to detect with conventional 
hardness indicators, such as the Rock­
well machine. The temperature re­
qudred for these c�es ranged from 
80 degrees below zero, Fahrenheit, to 
130 degrees below zero. The temper­
ature requdrements are governed by 
the alloy content of the material in 
much the same way as the hardening 
temperatures are governed by the same 
factor. With these facts in mind, it is, 
then 'up to those who are actually proc­
essing parts to employ the changes 
that can be made to occur and be 
beneficial to the part being treated." 

DIESEL LOCOIIOTMS 

To Be Usell m CempelUi"e 

Experimealal Operalioa 

LOOKING forward to post-war improve­
ments in its motive power, the New 
York Central System has placed in ex­
perimental operatiol',l two Diesel freight 
road locomotives of 5400 horsepower ' 
each. This is a step in a program of 
experimentation with various types of 
motive power on a competitive basis in 
actual operation , on different lines. 

Built by the Electro-Motive Division 
of General Motors Corporation, the two 
new locomotives are each in four units, 
every unit having a 2-cycle, 16-cylinder 
oil engine. There are two four-wheel 
trucks under- each unit and each truck 
has two traction motors. The ' total 
weight on drivers is 451.5 tons ' for the 
entire four-unit locomotive. 

The p!:,ogram for post-war improve­
ment in motive power also includes the 
purchase of four 6000 horsepower 
Diesel passenger locomotives, and a' 
super-steam locomotive of 6000 horse-' 
power, designed by New York Central's 
'Equipment Engineering . Department 
collaborating with American Locomo­
tive Company. 

SlEET TBlCDESS 

lIeanr" ., X-la,. 
m a Sleel 11611 

W�E-HOT sheet steel, at a ten:,lpera­
ture as high as 2000 degrees, Fahren­
heit, and moving at a speed of 20 miles 
an hour as it emerges from a rolling 
mill, can have its thickness accurately 
measured by x-rays. This new develop­
ment is described as follows by Dr. 
William D. Coolidge, General .Electric 
Vice-President in charge of research: 

"X-rays may be used as a thickness 
gage without the necessity of making 
mechanical contact with the work as, 
for example, in the rolling of sheet 
steel where, through adjustment of the 
mill, the thickne� of the sheet must 
be kept within certain narrow limits. 

''With an x-ray outfit below and an 
ionization chamber or other x-ray 
intensity measuring device above the 
sheet, it becomes possible through the 
measurement ,of x-ray transmission to 
have a constant indication of thickness 
and, if desired, to have the -x-rays 
themselves control the mill so as to 
maintain automatically a constant thick­
ness of the steel sheet." 

Metals in Industry 
(Continued from page 105) 

matrix surrounding the steel particles. 
The resulting parts can . then be heat 

treated (at temperatures below 1650, 
Fahrenheit) to improve their properties. 
Sinter-brazed parts are claimed to be as 
strong as machined steel and, in the 
case of precise, . complex shapes, can be 
made many times faster. 

The other development is the com­
mercial-scale manufacture, by Chrysler 
Corporation's Amplex Division, of sel£­
lubricating aluniinum bearings from 
aluminum powder. Variqus technical 
probl!IDlS in the working of aluminum 
powder had to be overcome. Porous, 
oil-retaining aluminum cylindrical, 
flange, and thrust bearings are now in 
regular production and other maliliine 
parts can also be made. Aluminum has 
recently been shown to be a good bear­
ing metal, and its light weight is a real 
advantage in some types of machinery . 

TIRBED CAST IIOB 

Makes Salislaclory 

Base lor Ba •• il 

B ABBITTED bearings are those in which 
a strong-metal shell is coated with a 
thin layer of soft anti-friction metal, 
now usually a lead-base alloy. Steel 
shells are commonly used rather than 
the cheaper cast iron, because of the 
difficulty in producing a bond between 
the cast iron surface and' the babbitt 
layer. 

A recently developed process for the 
preparation of metal surfaces, the Ko­
lene process, has made possible the 
cheap, quick, and dependable tinning 
of cast iron, so that the tinned iron 
may serve as a base for babbitting. So 
satisfactory has this bonding proved to 
be in service that Cooper..,Bessemer 
Corporation now uses high strength 
cast iron (Meehanite) babbitted bear­
ings, without any anchor grooves, for 
heavy duty use in Diesel engines. 

The problem in "tinning" cast iron 
has been the graphite present in the 
iron, which prevented metal";to-metal 
bonding. In the Kolene process the 
graphitic carbon is oxidized away at 
the surface of the metal and the iron 
oxide fonned at tht! same time is later 
dissolved but without ' freshly exposing 
new graphite flakes. 

The oxidation is accomplished by 
immersing the casting in a special 
molten alkaline salt bath, containing a 
catalyst, at Ilbout 800 degrees, Fahren­
heit. Removal of the iron oxides is done 
in a very hot (about 250 degrees, Fah­
renheit) water solution of certain aUm­
line salts. The work is rinsed in water 
and in hydrochloric acid and , then 
fluxed prior to tinning. 

The process ( or an electrolytic modi­
fication of it) has other established 
commercial uses for cleaning metals 

' generally, especially prior to plating, 
rustproofing, and so on. It is able to re­
move heavy accumulations of carbon, 
grease, coked oils, drawing compounds, 
and so on, but it not applicable to �u­
minum or magnesium alloys, 
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C u r r e n t  B u l l e t i n  
B r i e f s  

Conduded by 
K .  M .  C AN A V A N  

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

HOME DEHYDRATORS AND HOME DEHY-
DRATION, by Donald K. Tressler, is a 

seven-page reprint from General Elec­
tric Review giving construction details 
about different types of devices for this 
purpose, as well as some information as 
to their application to various foods. l;>e­
tailed drawings are presented. Publicity 
Department, General Electric Company, 
Schenectady, New York.-Gratis. 

CALLIFLEX BI-METALS is a four-page 
bulletin giving technical data on the 

various types, thicknesses, and sizes of 
these materials as temperature-respon­
sive elements in automatic control. 
Calite Tungsten Corporation, 540 39th 
Street, Union City, New Jersey.­
Gratis. 

EMERSON-ELECTRIC AmCRAFT MOTORS is 
a 28-page booklet illustrating and 

describing these motors which feature 
high-speed operation and light-metal 
construction. Illustrations, drawings, 
and several pages of specifications are 
given. The Emerson Electric Manufac­
turing Company, 1824 Washington A,ve­
nue, St. Louis 3, Missouri.-Gratis: 

FUEL CONSERVATION MANUAL has been 
prepared, through the co-operative 

efforts of manufacturers of automatic 
heating controls. It indicates the purpose 
and application of various types of con­
trols from the standpoint of heating and 
maintenance of buildings other than 
private homes. Fuel Conservation Coun­
cil for War, 500 West Oklahoma Ave­
nue, Milwaukee 7, Wisc01'!'8in.-Gratis. 

GREENLEE HANDY CALCULATOR is a heavy 
cardboard, soil-proof rule designed 

to solve woodworking problems. By 
adjusting the dial you can find com­
parative hardness, weights, and shrink­
age as well as converting linear to 
board feet and determining slope per 
foot in degrees. Greenlee Tool Com­
pany, Rockford, Illinois.-Gratis. 

BAND FILING To PRECISION TOLERANCES 
is a four-page bulletin outlining 

the advantages of continuous file 
, broaching and information on types and 

specifications. Continental Machines, 
Inc., 1301 Washington Avenue, South, 
Minneapolis 4, Minnesota.-Gratis; 

ALLOWABLE CONCENTRATIONS OF LEAD AND 
CERTAIN INORGANIC COMPOUNDS is a 

booklet setting safe limits for the 
amount of metallic lead, lead carbonate, 
lead sulfate, lead oxides, lead nitrate, 
�d lead chloride allowable in the air of 
workshops to safeguard the health and 
efficiency of workers. This booklet also 

covers physical and chemical properties, 
methods of tests, and a bibliography. 
American Standards Association, 29 
West 39th Street, New York 18, New 
Y ork.--'20 cents. 

MUZAK AT WORK is a booklet based on 
the opinions of management, labor, 

science, and government regarding 
functional music. The data presented are 
based on research, experience, and ac­
tual production. In addition a descrip­
tion of Muzak facilities and service of 
"planned work music" is given. Muzak 
Corporation, 229 Fourth Avenue, New 
York, New York.-Gratis. 

Ail'HESIVES is an eight-page catalog con-
taining details, requirements, and 

classifications of several types of ad­
hesives, fabric coatings, binders, and 
sealers, together with instructions for 
application and information on stand­
ard containers and approximate ship­
ping weights. The B. F. Goodrich Com­
pany, Public Relations Department, 
Akron, Ohio.-Gratis. 

WELTRONIC VARIABLE SPEED CONTROL FOR 
D.C. MOTORS FROM A.C. POWER is a 

four-page bulletin on this electronic 
control-a self-contained unit-which 
eliminates the need for separate trans­
formers for driving lathes, drill presses, 
conveyors, printing presses, and other' 
types of machines. Weltronic Company, 
Detroit 19, Michigan.-Gratis. 

ARo PNEUMATIC TOOLS FOR INDUSTRY is 
a 32-page catalog containing illus­

trations an:d specifications of these ro­
tary pneumatic tools for small tool jobs 
such as g,rilling, grinding, burring, and 
metal sanding. Aro Equipment Corpora­
tion, Bryan, Ohio.-Gratis. 

THE MIDDLE OF THE SHOP, by Tom Saf-
fady, is a 16-page booklet outlining 

the importance of better human rela­
tions as a source of information for the 
promotipn of production efficiency. Sav­
Way Industries, 4875 East Eight Mile 
Road, Detroit, Michigan.-Gratis. 

VICTAULIC PIPE COUPLINGS 'AND FITTINGS 
is a 34-page combination catalog 

and engineering manual listing flexible 
couplings and fittings and their . use in 
industrial, mining, petroleum, ship­
building, and water works. Victaulic 
Company of America, 30 Rockefeller 
Plaza, New York 20, New York.­
Gratis. 

AR-MoORED TIES FOR HIGH TRACK CAPAC-
ITY is an eight-page booklet outlin­

ing and illustrating the advantages of 
these ties, with a list of the information 
needed for quotations. Koppers Com­
pany, Wood Preserving Division, Pitts­
burgh, Pennsylvania.-Gratis. Request 
this on your business letterhead. 

HOLD EvERYTHING is a bulletin presenting 
a new and improved application of 

microfilm to pencil engineering draw­
ings made on transparent paper, as well 
as other valuable papers and documents, 
and pointing out savings in time, money, 
and space. Microcopy Corporation, 2800 
West Olive Avenue, Burbank, Cali­
fomia.-Gratis. 
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, T h e  A n c i e n t s  C a l l e d I t  
C O S M I C  C O N S C I O U S N E S S 
Must man die to release his inner con­
sciousness? Can we experience momentary 
flights of the soul-that is, become one 
with the universe and receive an influx of 
great understanding ? 

The shackles of the body-its earthly 
limitations - can be thrown off and man's 
mind can be attuned to the Infinite Wisdom 
for a Hash of a second. During this brief 
interval intuitive knowledge, great inspira­
tion, and a new vision of our life's mission 
are had. Some call this great experience a 
psychic phenomenon. But the ancients knew 
it and taught it as Cosmic Consciousness­
the merging of man's mind with the Uni­
versal Intelligence. 

Let This Free Book Explain 
This i s  n o t  a religious doctrine, but the applica­
tion of simple, natural Jaws, which give man an 
insight into the great Cosmic plan. They make 
possible a source of great jor' strength, and a 
regeneration of man's persona p'owers. Write to 
the Rosicrucians, an age-old brotherhood of un­
derstanding, for a free copy of the book "The 
Mastery of Life." It will tell you how, in the 
privacy of your own home, you may indulge in 
these mysteries of life known to the ancients. Address : Scribe 1.s.0. 

fJJie 1{qsicrucians 
S A N  JOSE (AMORQ CALIF. , U. S. A. 

When you write to 
advertisers 

• The Editor will appreciate it if 
you will mention that you saw it in 

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

Gave "it,��; 
Steel-Grip Finger Guards 
Hundreds of factories are saving time 
and injuries in war production by 
protecting workers w.ith Steel-Grip 
Finger Guards. Used for handling 
rough or sharp articles. for buffing, 
grinding, sanding, polishing, punch 
press work and hundreds of other jobs. 
Protect fingers or thumb. front or 
back, from cuts. abrasions or blisters. 
Made of durable leather with elastic 
web back for snug, cool. comfortable 
fit. Easy on and off. One size fits all. 
men or women. Send tOe each for 
samples or trial order box of . SO at 
8>2<: each, less 1 0 % .  

Catalog oj Steel--Grip Safetu Appa1"el free on reqUest 
INpUSTRIAL GLOVES COMPANY 

958 GClrfleld, DClnville, Illinois 'In,�anada: Salety Supply Co. , Toronto) 
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TH E H ENRY 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 only 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 many governmental and 
industrial personnel departments 
and by the F.B.1. 

$4.25 postpaid 
New 1942 Printing 

Order From SCIENTIFIC AMERICAN 
24 West 40th Street, New York 1 8, N.  Y. 

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

Electric Reader 
A boon for elderly peo­
ple and others with poor eyesight_ Wonderiul ior doctors, scientists and 
draftsmen. 
Write for free information 
and details of this new in· 
vention that makes read­
Ing matter 3 times larger. I Eo W. PIP & CO. Elizabeth, N. J. 

TWO REASONS - 1. Manufacturer 
are gettins ..... dy NOW for post wal .. ..:l1li11 
saleo and production I 2. Right no .. 

manufacturers are . seekiDC product:8 their 
expanded faciliti"" can handle; factories 
must have products to cake up the oIack 
after war orders stop. Your chane .. 
comes with patent P_lotectiOD now - de 
lay may endanger your chance. Gel 
our NEW FREE Inventor's Book to­
day and valuable "Invention Record" 
form. This request doe. Dot obl;'.t. 
you. .leI now. Wri,. ,04.,. 

Registered Patent Attorneys, 
175,T Albee Bldg., Washington 5, D. C. 

Send me your NEW FREE Book, "How To • Protect, Finance and Sell Your Invention" 
end specially prepared "Invention Record" . •  form at once. I 'understand that thI8 
request does not obUllate me. 

I 
Name • . •  : . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 

, Address . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . I • .; .. ·�;I�:·�; ·�;i��· ��:.tec7ea·r;�·. iii. ' 
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New Products 
DRILL SBABPElfER 

SMALL twist drills from Number 70 to 
15/64-inch can be sharpened with a 
new device manufactured by Mercury 
Products Company. The attachment has 
no cams. Every rotating movement is 
on centers and automatically taken up 
by spring tension. The device can be 
used with any standard six-inch or 
smaller grinding wheel. 

There are just four simple steps in 
operating the drill sharpener. First, in­
sert drill, tighten chuck. Second, look 

Fast, accurate drill sharpener 

through the magnifying glass and line 
up lip of drill on the alinement bar. 
Third, depress grinding bar slowly and 
release. Last, revolve the chuck and 
repeat the third operation. An inex­
perienced operator can do a '  perfect 
job after a few minutes' instruction. 

Every size of drill requires a separate 
bushing, ten of which are supplied with 
each drill sharpener. Extra ones are 
available. 

' 

OIlE·COAT PORCEUIII 

REPORTED lQ be the first commercially 
successful one coat direct-to-steel white 
porcelain enamel, Mirac requires no 
special bond ' or pickling equipment. 
Nor does ' it need special handling. It 
is reported to have adherence and can 
be fired at 1500 degrees, Fahrenheit 
with ' a  brilliant highly opaque finish 
as the result. 

METALLIZIIIG GUll 

ESPECIALLY engineered for high-speed 
production spraying of low melting 
point metals, a new metallizing gun 
which uses VB-inch zinc; tin, lead, solder, 
babbitt, cadmium, or fine gage copper 
and copper alloys, exhibits spraying 
speeds which exceed by far any yet at­
tained with these metals. Rates of depo­
sition, in -pounds per hour, include: 
zinc, 40; tin, 70; lead, 110; solder; 90; 
babbitt, 75 . 

Regardless of the type of wire em-

ployed, no gear changes are necessary 
to achieve .these high speeds. Any 
spraying speed within the prescribed 
ranges � automatically obtained, and 
maintained hour after hour. Air pres­
sure fluctuations, it is reported, do not 
affect operating efficiency. 

In common with all Metco metallizing 
guns, this Type 3E is equipped with a 
Universal Gas Head, which, allows the 
tool to be operated on any commercial 
gas--in conjunction with oxygen and 
compressed air. 

Typical applications where this gun 
will cut manufacturing costs and 
broaden the opportunities for spraying 
low-melting-point metals on a produc­
tion basis include: corrosion-resistant 
coatings on iron and steel structures 
and equipment; water- and chemical­
resistant linings for storage tanks and 
degreasers; conductive and soldering 
surfaces on glass, plastics, and carbon 
products. 

APPLlllICE TESTER B�ILT to operate at the extremely low 
range of 0-20 watts as well . as a high 
range to 2000 watts, a new device tests 
all electrical appliances from bell trans­
formers and clocks to electric ironers 
ap.d ranges operating on the 220-volt 
three-wire Edison system. This tester 
measures actual load values of volts, 
amperes, and watts and quickly locates 
J;rouble in A.C. appliances while in ac­
tual operation. 

CRUCI·KEY SAFETY 

A NEW safety device called the "Kee­
J ector," which is applied to the standard 
lathe or drill-press chuck key, has been 
developed by Lee H. Jernigan, of Safe-' 

tY-Specialties. Designed to prevent ac­
cidents which occur when machine-tool 
QPerators neglect to remove the chuck 
key from the chuck before the power is 

Above: Standard chuck key and 
parts of the eiector. Below: Whet! 
key is inserted, spring is retracted 
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turned on, the Kee-Jector, made in a 
complete range of sizes, fits . as a guard 
on the chuck key of any sized drill press 
or lathe and "ejects " the chuck key the 
moment its job is done. It is impossible 
to leave a chuck key engaged in the 
chuck when this device is used. The de­
vice is simple and foolproof and in no 
way handicaps the worker in the proper 
use of the key. 

PUSB-PULL CONTROL 

PROVIDING positive rotary-motion action 
from push-pull operation, a new Radian 
unit was specifica1ly designed for use 
in connection with propeller governors, 
carburetor air controls, supercharger 
controls, and similar aircraft installa­
tions. Made by Simmonds Aeroces­
sories, Inc., as an adjunct to . the Simonds 
push-pull controls, the versatility of the 
device points to many post-war marine, 
automotive, and industrial uses. 

Compact, strong, and weighing ap­
proximately 12 ounces, the Radian unit, 
which replaces the more cumbersome 
pulley-and-cab1e and rod-and-be1�­
crank assemblies, has but three basIc 
parts: a housing, a lever-arm, and . a 
bushing. The housing contains the 

Left: Assembled push-pull control. 
Riqht: Interior of the control, show­
inq how rotary motion is produced 

track of the linkage path, the 1ever­
arm carries out the angular travel, and 
the bushing transfers the angular travel 
to the shaft to be actuated. Serrated 
teeth provide for fine adjustment be­
tween the lever-arm and the shaft it 
actuates. 

WIRDER ROLLS 

ONE COMMON application of industrial 
wood rolls is for winding goods of one 
kind or another as they involve a manu­
facturing cycle. Recently the Rodney 
Hunt Machine Company has standard­
ized on two types of constructions for 
such rolls. One type embodies "shaf­
tite" anchorage of shafts to the wood. 
The other type ( for especially low cost) 
employs a simple countersunk ring in 
the end of the wood that helps to re­
inforce the shaft. The wood used is 
especially selected for its light-weight 

'and well seaso'ned qualities. 

WBEEL DRESSER 

TIlE "Jiffy " grinding wheel dresser, 
designed for mounting on any standard 
too1r\!,om surface grinder, becomes an 
integral part of the grinder on which it 
is mounted and is always ready for 

"Built-in" qrindinq wheel dresser 

wheel dressing, regardless of the posi­
tion of the wheel relative to the table. 

When using · this attachable dresser, 
made by the Florian Manufacturing 
Company, it is not necessary to disturb 
the work set-up. As occasion demands, 
the wheel can be dressed in five sec� 
onds. Adj ustable to dress absolutely 
true, it is simple to mount and fits all 
standard surface grinders. 

PIN SETS 

STRONG compact cabinets completely 
furnish�d with precision pin sets in 
number drill, letter drill, and fractional 
sizes are announced by United Precision 
Products Company. The pins are · of the 
finest quality gage steel; hardened to 60-
63 Rockwell C scale. Brass strips with 
letter, number, or fractional size per­
manently fixed in clear easily-read 
white identify each gage at its position. 
Gage� are progressively ·stored for in­
stant pickup. Complete protection is af­
forded t4e gages from moisture, corro­
sion, and dirt, and the complete sets are 
at hand for immediate selection and use, 
without loss of time. 

SAFETY MATS 

I MPROVED steel safety mats, manufac­
tured by

· 
William F. Klemp Company, 

include a design feature which has 
proved a decided addition to non-skid 
protection. This is a slight crimp or 
center bend in one side of the strong 
steel mesh. These steel mats, which 

Steel mat (inset) . promotes safety 
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Don't Let Shortages 
S top Your Experiments 
You Can STILL Get LOW COST 

- L E N S E S-----

N"", • • •  Pinely Ground and PoU,hed ",ith Edge, 
Very Slightly Chippedl 

PLUS F R E E, Helpful Project SH E ETS 

Set # 1 05-5 "The Gadgeteer's Delight" 
35 Lenses for $5.00, Postpaid 

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

Set # 120-5 "The Experimenter's Dream" 
60 Lenses and 50 Page Illustrated Booklet 

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

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

SENSATIONAL WAR BARGAIN 
IN ROOF  PR ISMS 

The Facts: 
Before the War, Roof Prisms of this 
quality retailed for about $30.00. Ours 
were manufactured for use in Government 
telescopes, etc . .  but were ground to a size 
a fraction of an inch too small for the 
mount. Therefore, you save up to $28.50 
or more. VB" Wide, 90-45-45 degrees, ground 
to super-accuracy of not more than one to 
two rings off - Borosilicate Crown - In­
dex 1.517. Roof Prisms invert the image as 
well as bend the rays. Limit of 6 to a 
custoll)er. 

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

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

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

F L A S H ! 
Riflescope Lenses 

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

Satisfaction Guaranteed 
E D M U N D  SALVAG E CO M PA N Y  

27 We.t Clinton Avenue, Dept. 7 
P. O. Audubon, !'few Jersey 
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POLAROIU=== 
Ideal LIGHT polarizing material for all 

photographic a"d EXPERIMENTAL purposes 
2 pieces. 2x2" SI Postpaid.  Rem it 
with full Instructions with order. 

(Larger sizes priced proportionatelll) 
Send for new Catalog of Used Equipment-10¢ 

HARR
-

Y ROSS 
Scientific & laboratory Apparatus 
68-70 W. BROADWAY, N .Y.C. 7 

BADIO -MADE EASY 
Learn radio repairing. New 

slmpllfted manual explains prin-
ciples, contains many easy-to-follow 2 5 ¢ 
diagrams. gives hints. Data on all 
tubes. Large size : 8 % x 11 N .  48 
pages. 

SUPREME PUBLICATIONS 
328 5. Jelferoon St. Chicago 6, ILL. 

� Send for FREE UTERATURE on � 
l:J m�ENTS' � 
?1 

AND TRADE MARKS. � n C. A.SNOW& CO� �/I �I J R�g. Pllt�ntAJlo'n�1sS;",e1875 tlJ 
U 430 Snow Bldg. Washington 1. D. C. U 

15,000 
FORMULAS 

.,. .,. .,.  

1077 
PAGES 
.,. .,. .,.  

IN 
HOPKINS' 

"CYCLOPEDIA" 

OF FORMULAS" 

Thousands of copies of this ac­
knowledged leader among books for 
formulas are being used daily for a 
number of purposes. Industrial 
laboratories find it an invaluable 
source of reference material ; many 
spare- and full-time businesses have 
been built up on one or more of its 
formulas ; home workshop hobbyists 
constantly find new thoughts in its 
pages. 

Wines and liquors, inks, dyes, pol­
ishes, paints and varnishes, adhe­
sives, cosmetics and antiseptics are 
only a few of the- sections of this 
all-inclusive book. 

$5.50 postpaid (Domestic) 

Order From 

SCIENTIFIC AMERICAN 

24 West 40th Street, N ew York 1 8, N. Y. 

EARl MOIEY ����1�1�� 4ft . No previous training or 
.. talent necessary� Unique 

Stuart System -teaches you, 
hy mail, in 11 simple, easy­
to-follow' lessons, to make 

, exact charcoal and oil like­
....... OePiled guidance for your every 
�. Sead for free book today. 

, STUART STUDIOS, Room 269 121 Monument Circle Indianapolis 9, Ind. 
Please send me free book and 

'
outline of lessons. 

Street . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 
Cltu . . . . . . . . . . . . . . . . . . . . . . . .  state . .  , . . . . . .  . .  
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roll up like a rug and can be placed 
anywhere, are in wide use wherever 
men work at machines and equipment. 
They prevent slipping and falls, keep 
feet dry, make lifting safe, reduce fa­
tigue, and prevent accidents. 

Made of steel, they are non-absorbent 
and easily cleaned in hot water or 
cleaning solution. They are made in any 
length up to 25 feet, any width to 6 
feet. An · area can be covered by join­
ing multiples on the job without special 
tools. . 

PRECISIOII TAPPIIiG SPEEDED 

USE OF manual positioning and elimina­
tion of chucks or clamps on a simple, 
new non-locking slide type fixture has 
speeded up precision tapping of ord­
nance parts at Manufacturers' Machine 
Service Company. This fixture, incor­
porated on a "Detroit" light du,ty lead 
screw type tapping machine, permits 
tapping on a continuous basis. The 
simple slide fixture, built in the com­
pany's tool room for holding and posi­
tioning the work, was arranged to. op­
erate on an automatic tap and return 
stroke cycle stopping at the top. The 
fixture incorporated two non-locking 
work holders mounted on a slide that 
can be moved "right" or "left" on 
ground ways · below the tap. The work 
in either work holder will be accurately 
located below the tap when the slide is 
moved from one side to the other against 
the stops. 

All the operator has to do is to re­
m.ove a finished piece and place a new 

Manual-yel precision-posilioninq 

piece in the same work holder while 
the other piece is being tapped. He 
then moves the slide over as soon as the 
tap clears the finished piece in the other 
work holder. With this arrangement it is 
possible to operate the machine on a 
"continuous repeat" cycle, reducing 
floor to floor time to less than · 10 sec­
onds per piece. It thus speeds up pro­
duction by actually making the opera­
tion less automatic. 

SHROUDED COUPLII'G 

PROTECTION of operators against catch­
ing of clothing or incautious handling 
is embodied in a new shrouded flexible 

coupling announced by Lovejoy Flex­
ible Coupling Company. 

The essential feature of this new pro­
tection is an outside steel collar which 
holds the load cushions of the coupling 
in place. An extension of this collar, 
which encircles the coupling, safeguards 
material and fingers from the heads of 
the bolts that secure the load-cushion 
retainer. The bolt heads are concealed, 
yet easily and conveniently reached 
when necessity arises. 

This improvement effects more com­
pact design with over-all smoothness 
of external surface. 

SPDfDLE STOP 
PRINCIPLE feature of the new Rieger 
spindle top is its expanding collet ac­
tion. While the · front end of the de-

vice is held in place with one screw­
driver, a turn on another at the rear 
end makes the stop expand to tighten 
itself in the hole . of the headstock 

. spindle. This is said to avoid the scar-
ring or burring of the walls. 

The Spindle stop is equipped with a 
5/16 by 4 inch extension for limiting 
hollow work and for protrusion . into 
the chuck for stopping short pieces. 
The extension is soft so that it can be 
turned down to a smaller diameter if 
desired. It can be removed for posi­
tioning solid pieces. The body of the 
device is 3 inches long and slightly 
under 3,4 inch in diameter when con­
tracted. 

Used for repeat operations on the 
lathe, the spindle stop limits the en­
trance of wor� into the spindle hole. 
It can be utilized with or without a 
chuck. 

AlB SEPARATOR 

A SELF-DRAINING compressed-air sep­
arator, which eliminates the need for 
external traps or the uncertainties of 
manual draining, has been developed by 
the Johnson Corporation. It has a com­
plete trap mechanism built in, which 
releases from the separator, automati­
cally, all the water, oil, and other mois­
ture that has been removed from the 
compressed air. The entering air is first 
allowed to expand slightly, thereby pre­
cipitating most of the efttrained mois­
ture. Then it passes through a labyrinth 
of coarse wire mesh, changing direction 
of flow abruptly many times, and sur­
rendering the remaining particles of 
foreign matter. 

The trap mechanism is simple and 
compact, with Spherical float and 
chrome steel valve and valve seat . . It. 
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is mounted on the bottom plate of the 
separator body, and can be quickly and 
easily removed for inspection or clean­
ing. All the moisture that has been re­
moved from the compressed air drops to 
the bottom of the separator, and when 
the level of the accumulated liquid is 
sufficient to raise the float, the valve 
opens and the liquid flows out the drain. 

SOPEI TEMPEBDIG 
A FURTHER development of the quench 
tempering solution, reported in these 
columns in our February issue, makes 
it possible to impart instant maximum 
hardnesses to friction wearing parts and 
high speed steel tools that operate with 
a uniform or rotary motion. This hard­
ening solution, known as Super Temp, 
by which both . hardening and drawing 
are accomplished simultaneously, will 
produce "glass hardness," but at a sacri­
fice of toughness. .  Therefore, the use 
of Super Temp · is not recommended 
for impact tools but has proved particu­
larly valuable for handling steel gears, 
pinions, . axles, . and high speed cutting 
tools. The resulting wearing surfaces are 
claimed to be friction and abrasion re­
sistant. 

ELLIPSE GOIDES 
SAVINGS up to 50 percent in time .on 
production illustrati.on j.obs ("visuals") 
are being effected thr.ough use .of a new 
series .of precision-cut ellipse templates. 
Meeting professional accuracy require-

Available In lets ot separately 

ments, these guides -are .020-inch-thick 
celluloid templates and are made in a 
set of 10, with angles from 15 to 60 de,. 
gree by 5 degree increments. 

Equally efficient for either pencil or 
ink, they eliminate the time-consuming 
geometrical development of ellipses by 
the plot method. They enable the un­
trained as well as the professional to 
draw ellipses with equal accuracy and 
speed in a small fraction of the time 
ordinarily required. Vertical and hori­
zontal axes are clearly indicated for 
ready location and adjustment to posi­
tion. 

DISUITEGBA TOB 

A NEW development in disintegration 
of materials and food stuffs is a machine, 
manufactured by the Franklin McAllis­
ter Corporation, which includes a stEieI 
drum containing thousands of teeth on 
its C\l,ltside diameter. These will disin­
tegrate almost anything that a steel 
saw will cut, from hard metals to soft 

Lifting or holding 
magnets, like cut 

� each $4.00 
.one .ounce magnet 

In a I' " I' " H�' 
frame wlJl BUP-

One type of dlsinteqratlnq unit. The 
head can be desiqned for any job 

$IZ� IY2 X Z '/z port 4 Ibs. each 

ALNICO Pocbt Plecea 11/16" ,, ' 9iiil'; · x"�� $2,00 
Horse' 'shOe' iiagnets '��� ';,:  ���" x '  3,�'; . ��  \t� H�' " %' Wateh Bize GEAR BQX 150 to 1 � • • . • . . . . . . • . • . . . . . . . . .  35¢ . . • •  3 tor $1.00 food stuffs. The list of materials which 

it "has disintegrated successfully ranges 
from nickel and stainless steel to wood, 
rock wool, and chewing-gum base. 

1 ERVIKEN Transmitter Button 'wltb 2�� 6 farr" ���'l'i��o�OO���k ' MoiOi-" 3 $1.00 
revolutions per minute . . ', ' . . . . . . . . .  : . .  $3.00 

The picture shows a small, automatic 
feed unit with a 20-inch drum desig�ed 
for a food product. The disintegrator 
head can be made in practically any 
size and assembled into almost any ma­
chine that best suits the particular 
product requirements. 

BLAH, 64D Dey Street, Hew York 1, H. Y. 

BOST PBEVEIITmS 
, wo types of rust preventives, re­
leased by the Technical Processes Divi­
sion of the Colonial Alloys Company, 
actually are metal cleaning solvents 
which leave .protective films that pre­
vent rust and tarnish. They are identi­
fied by the miInes Cyclodiene and Per­
cyclodiene. 

Experimental and Model Work 
Fine Instruments and Fine Machinery 

Inventions Developed 
. 

Special Tools; Dies, Gear cutting, Etc. 
HENRY ZUHR, Inc., 181 Lafayelte St., N.Y. 13, N.Y. 

Both are used as short-time simple 
immersions at room temperature and 
are used in an open tank made of metal, 
glazed ceramic, or other material. 
Neither will attack metals, as they are 
neutral and contain no acids or alka­
lies. Cyclodiene fil�s dry in about 20 
minutes, leaving rust-inhibited clean 
surfaces for a short time thereafter. 
Percyclodiene films will remain for 
about 30 days, leaving rust-inhibited 
clean surfaces for quite some time 
thereafter. 

* BUY WAR BONDS * 

NOW Repair JOlr own 
ELECTRICAL APPLIANCES 

with 
CHANlTE Self.Welding ELEcrlUCAL 
HEATING ELEMENT flux. G .......... 

. _unt, inltructionl enclosed. 111.00 
poltpaid. 

CHANITE SALES COMPANY 914 South Main Fort Worth 4, TexCil 

Scale. O to 90 
enlline-dl­

scales are on white 
enameled metal. Perma­
nently accurate. Dia. 8'�'" . 
Large figures and gradua­
tions eliminate eyestrain. 

A quick dip into either one of .these , 
rust-inhibitive solvents prior to or be­
tween inspection and final finishing 
operations, will protect the work from 
rust and corrosion. Penetration is ex­
cellent, and protection is afforded to 
threaded parts, joints, interstices, and 
crevices. 

Exceptional value and 
utility. Price with Instructions ».00, · eash or 
C.Q.D. Durable case 80c extra; Circulars tree. 
Your meney bact if you are not entirely satisfied. 

GUIon Slide Rule Co., S�uar�, Fla. 
8114. Bule Male .... •  Ince 1915 

With DI-ACRO 
BENDERS . . . .  
The Dr·AeRO Bender makes perfectly 
centered , eyes from rod or strip stock at 

high hourly production rates. 
Both eye and centering bend 
are formed' with one opera-
tion. Any size eye may be 
formed within capacity of 
bender and ductile limits of 
material. 

·DI·ACRO Precision Bending Is 
acc\lrate to .001" for duplicated 
pa.ts. DI·ACRQ Benders bend 
angle, channel, rod, tubing, wire, 
moulding, strip stock, etc. 
Machines are easily adjustable 
for Simple, compound and re­
verse bends of varying radii. 

O'nEIL-IRWIn mFIi. fO. 

,/ �. ,-
CENTERED 

!! 

Send for Catalog 
"DIE - LESS" DUPLI· 
CATING showing many 
kinds of "dleless" 
duplicating produced 
with DI·ACRQ Bend· 
ers, Brakes and Shear�. 

347 EIGHTH AVE. SO., 
MINNEAPOLIS 1 5, MINN. 
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SAVE 
UP TO 

ON TECHNICAL BOOKS 
Quantities Limited 

Order Now 
Original 

Title Author Price NOW 

Baking ' Powders 
Mendelsohn $4.00 $2.50 

Hair Dyes & Hair Dyeing 
• Redgrove . . . . . 5.00 2.50 

Chemical French 
Dolt . . . • . . . .  4.00 2 .00 

Plant Growth Substances 
Nicol 2.00 1.25 

Technology of Solvents 

Chromosomes 
Jordan . . . . . . .  1 0.00 5.00 

White . . . . . . . .  i.50 1 .00 
Chemical Species 

Timmerman. 4.00 2.00 
Engineers Pocketbook 

Rubber Latex 
Camm . . . . . . . . 4.25 2.75 

Stevens . . . . . . . 2.00 1.00 
Dictionary of Metals & Alloys 

Camm . . . . . . . 3.00 1 .75 
Practical Mechanics Handbook 

Camm . . . . . . . 4.00 2.50 
Chemical Warfare 

Wachtel . . . . . . 4.00 2.00 
Stereographic Projection 

Sohon . . . . . . . . 4.00 2.50 
Book of Garden Inmprovements 

Brett . . . . . . . . . 2.50 " 1 .25 
Manual of Endocrine Therapy 

Cinberg . . . . . . 3.25 2.00 
Milling Practice 

Molloy 2.00 1 .00 
Plastic Molding 

Dearie 4.00 2.00 
Tropical Fruits 

Sukh Oval . . . . 2.75 1 .75 
Gardening Without Soil 

A. H. Pl>illips . .  2.00 1 .25 
Engineers Manual , 

Cyclotron 
Camm . . . . . . . 2.50 1.50 

W. B. Mann . . 1.50 1 .00 
Rancidity in Edible Fats 

G. H. Lea 
Casein & Its Uses 

4.00 2.50 

H. Hadert 
Utilization of Fats 

3.00 1.50 

H. K. Dean . . .  6.00 3 .50 
Metal Coloring & Finishing 

H. Krause . . . . 5.00 3 .00 
Structure of Metals & Alloys . 

W. Hume-Rothery 2.00 1 .25 
Reinforced Concrete Construction 

Cantell . . . . . . .  3 .00 1.50 
Elementary Mathematics for Engineers 

Fleming . . . . .  2.50 1.50 
Review of Driers & Drying 

F. F. Bennett . .  1.75 1 .00 
Handbook For Chemical Patents 

E. Thomas . . .  4.00 2.75 
]iits, Tools & Fixtures 

Gates . . . . . . . .  4.00 2.00 
. 

Methods & Analysis of Coal & Coke 
. . .  . . . . . . . . . .  1 .50 1.00 

Aviation Instrument Manual 
s .oo 3 .00 

Wiring Circuits 
Stuart . . . . . . . . 2.5 0 1.50 

Practical Design of Small Motors 
Molloy . . . . . . .  2 .5 0 1.50 

Modern Oil Engine Practice 
E. Molloy . . . .  5.00 3 .00 

( To above prices add 1 0  cents domestic postaa. 
, for each book. For foreign, postage add 35 centl 

for each book. ) 

SCIENTIFIC AMERICAN 
24 West 40th St. New York 1 8. N. Y. 
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Our Book CorDer 
THE BOOK DEPARTMENT of Scientific American is conducted. with the 
co.operation of the Editors. to make available for you a comprehensive 
book service. Each month the Editors select and review in these columns 
new books in a wide ranqe of scientific and technical fields. In addition. 

they are ready at all times to advise you reqardinq the best available 
books on any subject. You are invited to use this service freely. Tell our 
Book Department what kind of books you want. and you will be furnished 

with the names of available books. includinq prices. When inquirinq 

about books. please be speciflc: remember that we can be of the qreatesl 
help only when you tell us just what You are lookinq for. Books listed 
in these columns may be ordered from our Book Department. A

'
dd 2 5  

cenis p e r  book for mailinq outside U .  S. 
TO MAKE CERTAIN that books ordered by or for men in the Army. 

located in the United States. or men in the Navy. Marines. or Coast 
Guard. located anywhere. will be delivered. insurance fees should be 

sent with orders. as follows: To $5 in value. 10¢ additional: from $5 to 

$25; 20¢: from $25 to $50. 30¢. 

At;IOSPBEIE, 1943 
Ediled hy IUeu D. Angle 

T
HIS enormous volume, finely edited 
and bound, is a true encyclopedia 

of aeronautics. It contains, first of all, 
descriptions of all current types of air­
craft, well illustrated with adequate 
specifications. Modern aircraft engines 
are similarly treated. A third section 
is on aircraft statistics, which provides 
information on all sizes of aircraft and 
their operation. The fourth section is a 
buyer's guide, which constitutes a 
really fine aircraft directory. The whole 
constitutes a splendid work of refer-, 
ence. (1 042 pages,' 8% by 11% inches.) 
-$15. 00 plus expressage on 8 pounds.-
A.K. 

. 

THE OXY-ACETYLERE HAlfDBOOE 

A Mannal on Oxy-Acelylene Welding 
and Culling Procedures 

T
HE entire range of the oxy-acetylene 
process is covered in this compre­

hensive and authoritative text book on 
basic welding and cutting procedures. 
Designed as a guide for self-instruction 
as well as a standard class-room text­
book, the subject matter will also serve 
as a reference book for plant manage­
ment people, engineers, designers, and 
shop superintendents and foremen who 
have use for oxy-acetylene either as a 
production or maintenance tool. This 
is �ntirely a how-to-do-it book, prac­
tical and down to earth in every re­
spect. (587 pages, 6% by 9% inches, 
4 05 illustrations, 35 comprehensive 
tables, completely indexed.) - $1.6 0  
postpaid.-AP .p. 

OPTICAL WORKSHOP PlllfCIPLES 

By Col. Charles Divi 

WARTIME translation of a French work 
on precision shop optics, with heavy 

emphasis on ' actual handiwork. Con­
tent: glass, abrasives, cements, tools, 
polishers, surfacing, spectacle lenses 
(14 pages only) , mechanical theory of 

working optical surfaces, tests, crystal 
shaping, centering, edging, cementing, 
reticules, aluminization. Opinions of 
three advanced amateur telescope 
makers who secured copies early: F. B. 
Ferson.-"It is a book to round out an 

optical library with a few techniques, 
also analysis, not found in other books." 
R. O. Sinclaire.-"Contains a large 
amount of information that will be use­
ful to practical optical workers." Henry 
Paul.-"The more advanced amateurs 
will find in it new ideas. Most com­
pletely covered is 'The Mechanical 
Theory of the Working of Optical Sur­
faces.' Study of this chapter should . 
enable many to avoid trial and error 
methods." (3 06 pages, 5% by 8% 
inches, 12 0 illustrations.) -$6.1 0  post­
paid.-A.G.I. 

MIBActES ABEAD! 

By Iforman V. Carlisle and Frank B. Lalham 

HERE YOU can obtain a bird's eye view 
of the possibilities for your future 

living which may be brought to fruition 
by the forward march of science and 
industry. Homes and the appliances to 
be used in' the homes, motor cars and 
aircraft for the future, the battle of 
transportation, electronic and radio ser­
vices, chemical developments, metals of 
tomorrow, foods of the future, agricul­
ture, and a number of other things 
are skimmed over briefly but with suf­
ficient substance t-o give a fairly well 
defined picture of what may happen to 
your life tomorrow. (288 pages, 5% by 
8lj2 inches, unillustrated.) -$2.85 post­
paid.-AP.P. 

TBE ELEMEIfTS OF AEBOFOIL 
" AIfD AIISCREW TBEOIY 

By H. Glanerl 

AMERICAN edition of a standard British 
work, written in a form suitable 

for students of airfoil theory who do 
, not possess a previous knowledge of 

hydrodynamics; it includes five pre­
liminary chapters on that subject. 
Mathematical, of course. (228 pages, 
5% by 8% inches, 116 illustrations. ) ­
$3.6 0 postpaid. - AG.I. 

ELECTIOIfICS TO-DAY AIfD TO-MOBIOW 

By John MiDs 

IF YOU have a desire to obtain ' an in­
telligent speaking acquaintance with 

the overall subject of electronics, this 
is the book for you. Written by a well­
known oldti�.r in the radio and elec-
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trical field, it tells the runnirig story 
of electronics from the fundamentals of 
the electron theory through the various 
types of electron tubes to those elec­
tronic devices which have contributed 
largely to both pure and applied science 
and which hold tremendous possibilities 
for the future. (178 pages, 5% by 8 
.inches, uniUustrated except for chapter 
headings.) -$2.35 postpaid.-A.P.P. 

MR. TOMPIIHS EXPLORES TIE ATOM 

By G. Gamow 

SCIENTIFIC FICTION that is really sci­
entific, yet also is entertaining, is 

rare. In these dreams the noted Rus­
sian-born American professor of the­
oretical physics shrinks to the bodily 
size of electrons and explores the in­
sides of atoms. The adventures are 
humorously, whimsically told as nara­
tives, While the reader effortlessly 
picks up accurate insight into atomic 
physics as he goes. Later, the science 
berund the dream adventure is more 
fully elaborated. (97 pages, 6% by 8% 
inches, illustrated.) -'$:UO postpaid. · 
- A.G.I. 

PRIHClPLES OF POWDER METALLURGY 

By FruB Skaupy 

TECHNICAL men in the metal and allied 
industries will find in this transla­

tion from the German a wealth of com­
pact factual material regarding produc­
tion and properties of metal powders 
and production and properties of fin­
ished objects · made by the powder­
metallurgy process. (80 pages, 6 .  by 9 
inches, a few illustrations. ) -43.10 post-
paid.-,A.P .P. 

. 

SPBEROGRAPIICAL HA'IGATIOH 

By Brouwer, lealor, aDd McMilleD 

By PLOTTING observed altitudes on an 
actual sphere, rather than. s.olving 

spherical triangles on two-dimensional 
paper, navigation is greatly simpli­
fied. This treatise teaches that method 
which is simple to learn. (200 pages: 
4% by . 7% inches, 21 illustrations. ) ­
$5.10 postpaid.-A.G.I. 

IACII'S CIEMICAL DICTIOHARY 

Ediled hy Julius Grul 

THIS illustrated volume contains the 
words generally used in chemistry 

anJi many of the terms used in the 
allied sciences of physics, astrophysics, 
mineralogy, agricultur�, engineering, 
and so on. (925 pages, 7 by 10 inches, 
a number of tables; diagrams, portraits, 
and other illustrations.) -412.10 post­
paid.-A.P.P. 

MAHKIHD SO FAR 

By William Bowells 

EMINENTLY readable and relatively 
non-technical account of the evolu­

tion of man from his pre-ape ancestors 
to his early species and present races, 
written by a well-known anthropologist 
whose style is so entertaining, natural 
ana: friendly, and at times witty; that 
the book almost reads itself. Among 
books having similar coverage in this 

T h e  
E dito r s  
Recommend 
'est Sellers in  Science 

EXPERIMENTAL ELECTRONICS - B y  Ralph 
H. Muller, B. L. Carman, and M. B. Dros. 
A solid book of eminently practical information on 
the cha.racteristics and non-communication applica­
tion. of electron tubes. The text describes eltperi· 
ments and presents results. For students, radio 
engineers, communications experts, and the serious 
general rel.lder. 84. 75 

FORWARD WITiI SCIENCE - By Rogers D. 
Ru_h. Philosophical discussions of developments 
centering around · modem physics : Newly discovered 
partic.e�. electron microscope, atomic energy. man· 
made radio-activity, cosmic rays, and ' so on. $S.60 

PLASTICS - By I. H. Dubois. Revised and en· 
larged edition of an important work on the whole 
general subject of plastics, plus much new material 
on synthetic rubber, manufacturing processes, and 
plastic molding. $3.85 

FUNDAMENTALS OF PERSPECTIVE - By 
Theodore DePo.teJ., A..I.A.. A method of showing 
the order, or sequence, in which lines of a perspective 
are drawn. Use of colors, numbers, and arrows 
eliminates much text found in other books on this 
subject. 20 lo�s.e sheets in binder. $2.60 

INTRODUCTORY PSYCHOLOGY - By Law. 
renee ·A. Averill, � Ph.D. How to study, pay atten· 
tie, think, learn, remember, meet obstacles, and 
develop a healthy mind, character, and personality. 

$2.30 
A TREASURY OF SCIENCE - Edited by Shap­
ley, Rapport, and 'Wright. Choice reprints care. 
fully selected from outstanding scientific writings of 
a non··technical nature, from Copernicus and Galileo 
down to modern authorities. 84.10 
FUNDAMENTALS OF ELECTRICITY - By a 
S.aff of Electrical E",per", Although designed to 
lupply men about to enter military service with a 
foundatioD,. for further training, this text will serve 
a similar purpose for anyone desirous of acquiring 
luch knowledge. $2.10 

ELECTRONIC PHYSICS - By Hector, Lell., GIld 
Sconton. A shnplified text for thOle who desire to 
acq:uire a sound basis for following the adTance of 
applied electronics. $S.85 

A LABORATORY MANUAL OF PLASTICS AND 
SYNTHETIC RESINS - By C. F. D'AZelio. 
How to prepare many of · the well·known resins and 
plastics , in the laboratory. Understanding of the 
text requires a knowledge of organic chemistry. 82.10 
MACHINERY'S HANDBOOK - 1 2.h Edition. 
"Bible of the mechanical industry," 1815 pages 
of latest standards, data, and information required 
daily in the .hop and draltinl room. $6.10 

FUI\'OAMENTALS OF OPTICAL ENGINEERING 
- By Donald H. lacob.. This Dew wo,k .tarn 
out at the very beginning, is mainly non·mathe .. 
matical, and is probably the best suited of all 
existing books as an introduction to optical deeip. 
Author is a physicist at Bureau of Standards. $5.10 
PROCEDURES 

·
IN EXPERIMENTAL PHYSICS -

By lohn Strong, Ph.D. A wealth 01 uoelul data al 
a practical kind for the constructor, experimenter, 
and skilled craftsman. '6.80 

STEEL SQUARE POCKET BOOK - By DIIIlg'" 
L. Stoddard. Practical methods for using the car· 
penter's steel square for layout work of all kinds. 
Time·tried methods used by two generations of car .. 
penters and found hoth rapid and accurate. $1 .• 00 

A MANUAL OF MECHANICAL MOVEMENTS -
By W. M. Clarh. Presents fundamentals on which all 
machines are built. 400 illustrations and 160 phot ... 
graphs. of models demonstrating mechanical principlee 
supplement the text. 82.10 

RADIO ENGINEERS' HANDBOOK - By Fr'" 
erich Emmons Terman. An outstanding ' reference 
book for aerious students and engineen. $6.10 
TOOL MAKING - By C. B. Cole. Instructions f_ 
making and uaing all kinds, from personal toola to 
arhor presses, lathes, planers, etc., in differeDt 
metals. $3.1ie 

SUCCESSFUL SOLDERING-By Louie S. Taylor. 
The correct proceedure gf soldering routine f�r 
ordinary work. and for special application. Many 
illustrations. $1.10 
ENCYCLOPEDIA OF KNOTS AND FANCY ROPE 
WORK - By Cranmont and Hansel. More knots 
are described in this remarkable book than in any 
book on seamanship ever published or dreamed of. 
3257 knots are illustrated in half·tone reproduction 
and are described in the text. $5.10 

SLIDE RULE SIMPLIFIED - By C. O. Har ..... 
How to use a slide rule, without any of the mystifi· 
eation that ofien surrounds this important tool of the 
engineer. Excellent illU'Btrations .�ake everythial 
de... $3;60 including a slide rule ; lor hook $2.60 
alene. 

PLAS'Iics. PROBLEMS AND PROCESSES - By 
MaRsperger and Pepper. The whole story of plu .. 
tics, including a' resu.me of manufacturing process_ 
and a number of thorough.going ..chapters devoted to 
plastic uses. '3.10 

A COURSE IN POWDER METALLURGY - By 
'Walter /. Baeza. A sound view of the over·all Bub· 
ject of powder metallurgy which will serve as au 
excellent &,uide and' reference book. IS.60 
THE SCIENCE OF EXPLOSIVES - By Martin 
Meyer. The chemistry, production, and analysis of 
modem explosives, in limple and readable style. . �60 
HANDBOOK OF CHEMISTRY AND PHYSICS ­
A classic reference bouk recently revised and broulht 
lip· to· date to keep pace with recent research. In· 
eludes' material on all branches of chemistry, phy.sici 
and allied sciences. Used in laboratories and by 
engineers throughout the country. Flexible bindinc. 
2571 pages. $4.10 Foreign $4.50, postpaid 

ATOMIC ARTILLERY - By lohn Kelloch 
Robert.on. Electrons, protons, positrons, photons, 
neutrons, and c osmic ,rays, all described for the 
layman_ in plain language. Also transmutation of the 
elements and the manufacture of artificial radio 
activity. '2.35 
GET TOUGH I - By C .. pt. 11". E. Fairb,"",. 
How.to.win·in·hand.to.hand·fighting directions. by a 
man who really knows rough-and. tumble methods 
that are not "clean" fi,htin& but are designed to 
win . 81.10 

• The Above prices are postp aid in the United States, Add, on foreign orders, • 
25¢ for postage on each book, except as Doted. 

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
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POWERFUL  TELESCOPE  LENS KIT 
Coaeist. 3 "  diameter 75" focus objective -
'OX ad 100X astronomical eyepieces. Builda. 
six·foot refracting telescope. Guaranteed moW 
Moon'. cratera, ring Saturn, mOODI Jupite2, 

. double otars, etc. While they laot, $ 1.95 post­
paid. With 50X terrestrial eyepiece $2.95. Also 
uperimenten 16·piece optical kit-include. 12 
assorted' lens combinin&' into DumerOUI optical 
hook·ups $ 1 .00. Stamp brings literature .­

telescope construction plan. - teat chart f01: 
measuring definition - power - field, an" 
telescope or binocular.. 

. 

Pfleeger Optical Co., SA·6, Sunbury, Pa. 

ACHROMATIC LENSES 
ASTRONOM ICAL OBJECTIYES 
OPTICAL FLATS, 'h WAVE, 
ALUMINIZED DIAGONALS, 'h WAVE 
FRONT SURFACE MIRRORS, 'h WAYI 

Send for prices and detall8. 
MA YFLOR PRODUCTS COIP. 

. KATONAH, N. Y. 

.Iwill fet�h you illustrated. instruction. 
for making .- good pitch lap •. Begin. b<;rO can, figurative!y, make a perfect lap WIth one hand beblnd their back ad one 

eye clos!,d, . an�' will curl up around the 
e�ges WIth d!bght at the result-just as it 
wtll open wIde the . eyes of profe .. ional 
and amateur. Don't forget your addre .. 
when sending check or money order. Send 
one to your friend in the service. 

Charles A.  Spickler 
R. D. Yardley,

' 
Penna. 

New and Usad Mlcrosaopas 
. BOUGHT - SOLD - REPAIRED There 18 a vital need for DIed Imlcro. 
�pes, scientifte, optical apparatu � and accessories-yOU will help the 
war eJl'ort by 8endiDI' them. In to 'lIB'­
Ship at our eX)IeDH tor oller. THE HIGHEST OASH PRICES PAID _ . 
prill... ot oondltlon. 

. 
National SclantlflD Instrum8llt Ca. 1 1 9  Chamber. St. BA. 7.9234. N.Y.C. 7 

Scienlific American's 
Iwo lelescope hooks 
AMATEU R  TELESCOPE 

MAKING and 
AMATEUR TELESCOPE 
MAK I NG-ADVANCED 

were prepared before the war, with. 
out the slightest thought of sale to 
professionals •. . Came the war • .  Hun­
dreds of new optical industries 
sprang up. Fewer amateurs found 
time to make telescopes yet sales of 
these books increased ! Investigation 
of sales revealed that the new indus. 
tries were buying them by the hun. 
dreds 

For their Officials 
For their Technical staffs 
For their Workmen 

Why? 
Because the basics of precision pro­
duction in optics are essentially the 
same for amateur and professional 
alike. Today the two books are in 
nearly every �ptical industry's offices 
in the nation. They �'rate" . .' 
A�ateur Telescope Making $4.00 
postpaid, domestic foreign $4.3S 
Amateur Telescope Making-Ad. 
vanced $S.OO domestic; foreign $S.3S 
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branch of science each stresses some 
parts, touches others more lightly; this 
one stresses the origins of the living 
races, touches more lightly Old and 
New World finds of early man. (319 
pages, 6 by 9 inches, illustrated.) ­
$4.60 postpaid.-A.G.I. 

BADIO DIlECTIOI FIRIEIS 

Iy Doaald S. Bond 

ELECTRICAL engineers specializing in 
the design or theory of direction 

finders for aircraft, shipboard, or fixed 
station use will find ·in this text a 
comprehensive description of the prac­
tical systems, plus an analytical study 
of the under-lying phenomena. (287 
pages, 51f2 by 81f2 inches, a large num­
ber of half-tone and line illustrations.) 
-$3.10 postpaid.-AP P. 

PBE-SEBVICE COUISE II. SBOP PBACTICE 

By WiUiam J. lemaedy 

B
ASED on the requirements of the U. S. 
Army for pre-induction training to 

be offered to high-school seniors and 
prepared at the request of the War 
Department, this book treats shop­
work-hand and machine tools for 
wood and metal, soldering, wiring, wire 
splicmg, ropes, splices and knots, blocks 
and rigging---,in an elementary manner. 
Equally suitable for the man who 
wishes to understand the use of vari­
ous tools. (337 pages, 51f2 by 81f2 inches, 
329 illustrations. )  -$2.10 postpaid.­
A.G.l. 

JUDO 

By T. Shizo Kuwashima 
and Ashbel I. Welch 

FORTY-ONE lessons in the modern 
science of jiu-jitsu are here presented 

in such form as will enable any physi­
cally capable person, practicing with 
reasonable diligence, to develop the 
speed and finesse necessary for master­
ing the science. Every step is illus­
trated. (146 pages, 7 by 9 inches.) ­
$2.00 postpaid.-A.P.P; 

JAPU'S SECBET WDPOI 
By larclalr Rewman 

GERM WARFARE with fancy trimmings­
virus and spirochete infections, kala­

azar, tsutsugamushi fever, black death, 
leprosy, Japanese encephalitis, these 
and cancer-causing chemicals-are some 
of the horrors we must expect, according 
to this author, a biologist. for years, 
as a part of their evil .plan, the Japs 
have studied these and tried some of 
them experimentally in China. Pearl 
Harbor tells us they will not hesitate 
to try them on us. Whether they will 
work remai� to be seen. This book, 
for general . readers, discusses each 
weapon. (223 pag,es, 5 by 7% inches, 
unillustrated.) -$2.60 postpaid.-A.G.l. 

PEACE. PLEIT!. AID PETBOLEUM 

'By B. T. I,ooks 

YOU will be in a better position to form 
opinions about day-by-day devel­

opments in all the aspects of the 
petroleum situation after you have read 

the concise text of this volume which 
reviews recent developments and pre­
sents the geography of oil production 
as it is now known. The situation with 
respect to petroleum. today is "no 
occasion for alarm" but there is much 
reason for serious concern," says the 
author. (197 pages, 51f2 by 8 inches, 7 
figures.)-$2.60 postpaid . ...:.A.PP. 

'l'BE PACIFIC WGBLD 

Editei by Fairfield Osbona 

IN .THIS work it is possible to find the 
whole range of .e�ementary scientific 

fact about each island area in the Pa­
cific-Australia and New Zealand, the 
Netherlands Indies, the Philippines, 
Micronesia and its main subdivisions, 
Polynesia and its subdivisions, the 
Aleutians, Formosa and Jap'an-covering 
discovery and exploration, plant and 
animal life, ocean life, peoples, stars, 
climate, and winds. Scientists from nine 
important American institutions pooled 
their data to make possible this general 
work for reading or reference. Good 
book for soldiers, sailors, mothers, and 
dads. (218 pages, 6 by 8% inches, illus­
trations. ) -$3.10 postpaid.-A.G.l. 

IRTBODUCTIOI '1'0 MICBOOBGUISMS 

Iy LaVenae Bulh Thompson 

TEXTBOOK for student nurses; Such a 
book is almost ideally adapted to the 

average scientifically inclined reader 
who wishes a more solid knowledge of 
disease germs than light . popular books 
give, yet doesn't wish to wade all the 
way into professional bacteriology. 
This book g�ts down to solid cases yet 
isn't formidable. And it is dependable. 
Author is instructor in microbiology at 
Teacher's College, Columbia University. 
(445 pages, 5lJ4 by 7% inches, 54 illus­
trations.) -$2.85, postpaid.-A.G.l. 

WABSBIPS OF TBE WOBLD 

Edited by Boger Kalka aDd 
Boy Lo' Pepperbnrg 

THE latest available technical data out­, side the field of "restricted" and "con­
fidential" material are here arranged for 
quick and complete reference. The 
text covers ' all the world'S' navies from 
Argentina to Zanzibar and presents de­
tails of 7000 ships with 500 photographs 
and 200 profi1es� Included are more 
than 900 stories of battle action� (1056 
pages, 7lt'4 by 90/8 inches.) -$15.25 post­
paid.-A.P P. 

ORE BURDBED 'YEARS OF PSYCHIA'I'BY 

Iy Thirleen Aulhors 

CENTENNIAL volume of the American 
. Psychiatric Association, a histori­

cal . synthesis in which Hall, Shyrock, 
Sigerist, Overholser, .Hamilton, White­
horn, Bunker, Malamud, Deutsch, 
Strekker, Moore, Zilboorg, and Kluck­
horn-most noted names in American 
psychiatry-develop the evolution of 
psychiatry, each with a contributed sec­
tion. A large, heavy, impressive volume 
(also wasteful of scarce paper) , of in­
terest to medical and lay readers alike. 
(649 pages, 7 by 10¥4 inches, 35 illus­
trations. )  -$6.10 postpaid.-A.G.l. --
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T e l e s c o p l i c s 
A Monthly Department for the Amateur Telescope Maker 

Conduded by A.L B E R T  G .  I N G A L L S  
EdUor of the Scientific American books I f Amateur Telescope Making" 

and "Amateur ,Telescope Making-AdvancedH 

Y EARS AGO. JQhn C. Lee devised and 
made a grinding and polishing ma­

chine (see "A.T.M.," page 160) in which 
the telescope mirror mQved in a bath of 
liquid abrasive. He could start it run­
ing, go. to bed, and get up to find the 
main part of the roughing-Qut job fin­
ished. Now comes O. Magnussen, 514 
Ricketts St., Danville, Va., with the 
semi-automatic machine shown in 
Porter's sketch (Figure 1) drawn· · from 
the original. 

Magnussen writes: "1 made this ma­
chine from worm gears and shafting, 
and a novel feature of it is the auto­
matic abrasive feeding device. The 
grease cup fastened to the cast iron lap 
makes 1/6 turn during each revolution 
of the lap. The abrasive is mixed with 
soap, which acts as a vehicle. The 
parts are easily removed and cleaned 
between grinds. I use a similar cup . for 
polishing, except that its threads are 
finer (40 per inch) . This method 
doesn't seem to leave zones, I'ince the . 
rouge mixture is spread through chan­
nels in the lap." 

Figure 2 shows a neat 6" reflector 

,STAR 

� 
Figure 1: Works while you smoke 

with drive made from: a hand-wound 
phonograph motor, built by Magnussen, 
who teaches machine . shop work.· 

H H. SELBY contributes the following 
• note: 
"In using a slit or a pinhole for test­

ing precisely on the axis, the usual 
method, which I have used for ten years 
and which GavioIa published a few years 
ago, is as sketched (Figure 3) : A is a 
fairly plane-parallel, unsilvered dia­
gonal, such as a 20 x 26 x 0.5mm. hemo­
cytometer cover glass. B is a plate con­
taining the slit or hole. C is ground or 
opal glass. D is the illumination sys-
tem. E is the eye. . 

"When A is unsilvered, a reflection 
occurs at each surface, giving an over­
lapping of shadows which can be con­
fusing. Also, only 0.5 to 1.0 percent of 
the light at the pinhole reaches the eye 
when testing uncoated mirrors and if 
the diagonal is thick, ' aberrations �re 
introduced. This dOUbling Qf the beam, 
also spherical aberration and astig­
matism, can be minimized by making 
the . diagonal thin, but 0_5mm is nearly 
the limit for glass, considering that the 
surface should be plane within, say, 2 

to 4 fringes. Pellicles are admirably 
thin, but are fragile, and interference 
phenomena within the membrane are 
troublesome. 

"The second surface can be coated 
with a non-reflecting filIll of fatty acids 
or fluorides. The fluoride films are 
particularly satisfactory and commer­
cially available. If a 0.5mm diagonal, 
flat to ± 3 fringes on one side and 
fluoride coated Qn the other, is em­
ployed, no troublesome doubling will 
occur and illumination will be uniform, 
but relatively we.ak. By applying a 50 
percent reflecting coating of aluminum 
or silver to the flatter surface, the light 
reaching the eye will be the maximum 
possible-3.5 times that from an un­
treated surface. The remaining imper­
ceptible . residual doubling is also re­
duced in like ratio. 

"FrQm the aboye, it is seen that the 
ideal arrangement is a thin, flat-sur­
faced diagonal, having the flat side 50 
percent reflective, the reverse side non­
reflective. With such an arrangement, 
the lowest focal .ratios found in objec­
tives can be examined with complete 
freedom from artifacts." 

IN THIS department, September 1943, 
appeared a note by Haviland, on the 

Barlow lens, and in the May number 
succeeding there was one by Wates. 
It turns out that these were partly 
erroneous. Since an editor is supposed to 
edit, these errors become automatically 
your scribe's-which makes three of us 
for you to boil in oil, so light up the 
fires and pile on the faggots. Note how­
ever how frankly-almost gleefully­
we three villians admit our errors and 
please be good to our families after we 
have expired. 

The detective who spotted the errors 

Figure 2: Machinist's lob 
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is C. R. Hartshorn, 1244 W. 109th Place, 
Los Angeles, California, and he didn't 
want his name mentioned. He said he 
didn't want readers to think him one of 
those disputatious, contentious persons 
who miss no chance to jump on others. 
However, your scribe, who dealt. with 
Hartshorn for a long time when he was 
in the famous Amateur Roof Prism 
Gang (where he wanted to make roof 
prisms gratis fo'r Uncle Sam, just to 
take a punch at the Krauts and Japs) , 
can testify to the contrary, and gives 
his name for another reason-because 
he appears to have had experience with 
Barlows and should in future be 1J1ade 
to work for other amateurs who may 
need help on them. It is the custom 
of this department, when questions 
arrive on some special phase of the 

Figure 3: Testing on the axis 

hobby, to pass .them to other amateurs 
who are known to have gained ex­
perience in those phases. 

Hartshorn writes: "I thought some 
of your regulars would rise to the 
occasion and point out the errors but, 
as they haven't, I am sticking my own 
neck out. Haviland proposes a Barlow of 
-18" £.1., to be placed 2" inside the 
focus of a telescope of 48" £.1. He figures 
correctly that the e.f.l. of the combi­
nation will be 54",  but then goes on to 
assume that the eyepiece will move out 
6", and that the magnifying power will 
be quadrupled. Actually, the eyepiece . 
will move out only %" and the ampli­
fication will be only 12% percent. He is 
just dealing with the tip of a theoretical 
cone of light 54" long. The ratio is 
2%: 2: : 54: 48. 

"As a check, although the formula 
Haviland used is entirely adequate, I 
have just traced the . paths of the rays 
trigonometrically through a hypotheti­
cal -18" Barlow and it came out 
2.249".  I have used a Barlow for years, 
designed and made my own-flint and 
crown-and observed with it and others 
with sundry eyepieces. 

"Perhaps Wates also is a little off . the 
beam. If you had a Barlow that would 
amplify X4 at 2" inside focus, the f.l. 
3)f the Barlow would be -2 2/3". If 
you then moved it to 1" inside focus, 
the amplification would be X1.6. If you 
moved it 6" inside focus you would see 
nothing at all through it, . because the 
rays would then be divergent. At 2 2/3" 
inside focus they would be parallel, the 
secondary focus at infinity. 

"Any particular Barlow has the same 
amplifying power when placed at the 
same distance inside focus, ' no matter 
what the telescope." 

Hartshorn gives some specific figures. 
For a primary focus at 48" ,  Barlow of 
-2 2/3" f.1., 1" inside focus, amplifica-
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A Popular Illustrated 
Astronomical Monthly 

For amateur astronomers - Dew ItIII' 
marts, Gleanings .for telescope malcen, 
page for observers, and celestial photo •• 
112.50 a year, domeotic; 113.00 in Canada. 

Single copy, 25 cent •• 
SAMPLE COpy ON REQUEST 

SEY PUBLISHING CORPORATION 
Harvard Observatory, Cambridge 38. M ..... 

SURFACE HARDENED 
ALUM INIZED 

COATINGS 
Highest reflectivity lmd ' maximum service are 
factors which have made SURPACE BARDENBD 
ALUMINUM COATINGS so highly satisfactory 
for optical Instruments used In the ARMY IU10 
!fA VY as , wen as for peace time rUeo.rch work by 
Professionals and Amatsurs. Have your mirrors coated with the best. ="ti�::=:J:J8' 6"-$2.6Q, ."-$3.60, 10"-$&.00 

LEROY M. E. CLAUSING 
5507-5509 Lhicoln Ave" Chi .... o,' III. 

, 
COMPLETE H IGH·GRADE ,KITS 

O U R  SPECIA LTY 
Each kit h� two glass discs 
( correct thickness ) tempered 
pitch, � assorted abrasives 
including rouge ( fewer may 

' hot, give �rfect optical sur, 
face) , instructions, FREE 
ALUMINIZED DIAGON, 
AL, etc, 

MIRRORS, made to order, 
4" Kit 112.95 ( Pyrex, $4.00) 
6" Kit 4.00 ( Pyrex, 5.50)  
8" Kit 6.50 ( Pyrex, 8.00 ) 

1 0 :: K!t 1 0.00 ( Pyrex, 15.00)  
1 2  Kit 15.00 ( Pyrex, 25 .00 ) 

P R I S M S  
1 y.., " suitable for 6" or 8 "  mirrors. A L U M I N I Z I N G  A . hard.... and brighter aluminum casting that i. und�rm and produces a lasting and luperior re­flectIng surface.. Guaranteed not to peel or blister 

6" . . . . . . . . . . . . . . . . . . . . . . .  $'2.50 866 • • • • • • • • • • • • • • • • • • • • • • •  $3.60 1 0" . . . . . . . . . . . . . . . . . . . . . . .  $5.00 
Mirrors for · Cameras, Range Finders · 

and other optical instruments, 
Write lor FRE:e ILLUSTRATED CATALOGUE 
THE PRECIS ION OPTICA L CO. 1001 East 1 61rd Street 

New York 59, N. Y. 

. REFLECTING TELESCOPE KITS 
OUR SPECIALTY 

PARAIlOLIC PYREX MIRRORS Made to order 
correctly figured, pOlished, and parabol1zed. Precis'; 

, worl<manahlp guaranteed. Prices on request. 
WE DO POLISHING, PARABOLIZING, AND 

ALUMINIZING 
Send for FREE ILLUSTRATED CATALOGUE 

M. CHALFIN 
G.P.O. Box 207, Ne� York, N. Y. 

TELESCOPE 
MAKERS 

Quality material. of the RIGHT l<1nd. 
I" Ktt :-Gla.s. abr8dllves, pitch, rouge, and 
instructions . . . . . . . . . . . . . . . . . . . . . . . . . . . .  $5.00 
H o B BY G R A FS--I N F O R M ATIO N-fNSP£CTIOJl 
We olrer you the benefit of our 24 yeers 
III experience at this hobby. Send for free 
price list . 
.Iobn M. Pierce, U Hanan! st. , Sprinafield, Vt. 

tion is, as already stated, X1.6 and 
power of telescope with I" eyepiece is 
76.8. Corresponding figures for 2" inside 
focus are X4 and 192 ; for 2lh" inside 
focus, X16 and 768 ; for 2%" inside 
focus, X64 and 3072. 

Haviland's response to Hartshorn's 
letter is candid: "Hartshorn is right. I 
have a string of alibis as long as your 
arm, but Hartshorn is right. Here is 
the correct solution: 

"Suppose that a Barlow lens (Figure 
4) of focus -F is placed p inches in­
side the focus, A, of a telescope. The 
new focus, B, will be at a distance q 
from the Barlow. The relation between 
these distances is l/q + l/p = lIf. 

"The ratio q/p = magnifying power. 
"1£ we have a Bariow of -2 2/3" 

focus, placed 2" inside the focus of the 
telescope objQctive, we get ljq - Ih = 
-1/2% and q therefore = 8. 

"In the above, lh takes the minus sign, 
in accordance with the direction of light 

q -� 
Fiqure 4: Haviland's drawina 

from A toward the left (both images 
on same side of lens) . 

"The magniiying ratio then is q/p = 
8/2 = 4. 

"Caution: In using a Barlow with 
reflecting telescopes, avoid high ampli­
fications, else the color correction will be 
poor. A -3" focus Barlow to give an 
amplification of not more than 1.5 or 2 
will be the top useful limit. This works 
out to p = llh" (inside focus) , q = 3" 
(new back focus) 'and q/p = 3/1lh = 2 
(amplification) ." 

Wates, to whom Hartshorn's letter 
was next passed, writes: "Hartshorn is 
right, I was off the ,beam-I took Havi­
land's formula as my premise. I must 
admit I was surprised that the result 
of moving the lens within reasonable 
limits is very small, as I had under­
stood that one could produce any ampli­
fication by �oving the Barlow back and 
forth." 

And thus the sins of Wates pass into 
the body of Haviland, and then the com­
bined sins pass on into the frail body 
of your scribe, for letting the errors get 
by, just as in the 21st verse of the 16th 
chapter of the biblical Book of Leviticus 
("The Devil can quote scripture."-:-old 
proverb) : "And Aaron shall lay both 
his hands upon the head of the live 
goat, and confess over him all the 
iniquities of the Children of Israel, 
and all their tl'ansgressions in all their 
sins, putting them upon the head of the 
goat, and shall send him away . . . into 
the wilderness." 

Your goat, only too glad of a pretext 
to hunt up a good wilderness, goes will­
ingly-tail up in the air. 

RIGHT in the middle of a war there 
has been a rush among English­

men to join the British Astronomical 
Association, mainly by persons who, 
because of the blackout, have discov­
ered that above modern city streets 
there are stars. The new List of Mem­
bers recently received . in this country 
contains about 1200 n;:tmes, mainly 

. British but also scattered all over 
the planet. Of these, only 30 are Ameri­
cans but there no doubt would be more 
if more of us were familiar with · the 
Association's good publication, The 
Journal. To obtain it, the easiest way 
is to seek to join. Nominations must be ' 
signed by one member from personal 
knowledge and your scribe would try to 
contribute that help for any except 
convicts or those who should be. The 
costs are about $6 for the first year and 
about $4.25 a year thereafter. Over 
there they really go in for astronomy, 
and a few of them for . telescope mak­
ing, about which there are occasional 
articles. The monthly meetings of the 
Association are reported verbatim­
oral discussion by this member and 
that-in each number. 

C
OARSE diffraction gratings may be 
made at 10 ' or 20 cents · apiece if 

made in quantities, by a method de­
scribed in a short article in American 
Journal of Physics (57 East .55:th St., 
New York, N. Y.) , April 1944 by Warner 
W. Schultz, Reed College, Portland, Ore­
gon. 

He knew that gratings had been made 
by photographing a . series of parallel 
lines but getting such lines is not easy. 
Easier, it occurred to him, would it be 
to stack up alternate layers of black cind 
white sheets of paper and photograph 
these. 

A simple rack was built, one . face of 
it being of glass, tilted at 45 degrees, 
and the papers were stacked 6" deep 
against this. It then was placed vertical, 
clamped, and the glass removed. 

Focussing the camera was critical, so 
a finer screerr was made by grinding 
the glass with No. 600 Carbo or finer, 
and focussing was done with an eye­
piece (details of an even better method 
of focussing are described in the origi­
nal article) .  Special film of high re­
solving power, lantern slide plates, or 
microfilm, may be used. It is also hoped 
that gratings of 10,000 lines an inch may 
be produced using a new Eastman film 
of high resolving power. 

Such gratings may be used for direct 
observation of . spectra. 

AUTHOR of the well-known bo�k "Ap­
plied Optics and Optical Design," 

Professor Alexander E. Conrady, died 
June 16 at his home in London, aged 78 
years. He was formerly Professor of 
Optical Design at the Imperial College 
of Science and Technology, London, 
and previously lens designer at W. Wat­
son and Son, Ltd., of London, manu­
facturers of microscopes. He is survived 
by three daughters, one of whom, · Hilda 
G. Kingslake of Rochester, N. Y., the 
wife of Professor R. Kingslake, is her­
self the author of several optical papers. 
She is also the mother of Professor 
Conrady's only two grandchildren, both 
of whom were b� in the United States, 
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TRADITIONALLY a welder is sur­
rounded by the haze of smoke. 
Now a portable Precipitron* ,  the 
electrostatic air cleaner, is used by 
industry to eliminate the welding 
smoke. The unit clears 600 cubic 
feet of air per minute. 

COUNTING THUNDERBOLTS is the 
task of a new device which has 
been thrown into the campaign to 
protect power lines from damage 
by lightning. It consists of a saw­
toothed and a straight-edged strip 
of metal foil between two layers of 
transparent plastic, and is about 
the size of a playing card. When 
lightning strikes a power line, a bit 
of the lightning is  deflected to the 
foil, jumps. the gap from one tooth 
to the stra�Qt-edge. In so doing it  
scorches a black spot on the plastic 
and also burns away that saw­
tooth, so that the next discharge 
must travel by another path. No 
two teeth are the same size; each 
discharge picks the shortest path 
and thus is registered only once. 

ARCHERY AND ELECTRONS are work­
ing together in that most modern 
of scientific instruments, the elec­
tron microscope. Quartz filaments 
1 /30,000 of an inch in diameter­
one-sixteenth the thickness of a 
human hair-are used to calibrate 
the magnifying power of these 
microscopes. Westinghouse engi­
neers have found that a modi fica­
tion of the medieval cross-bow i3 
the simplest and most efficient de­
vice for drawing out molten quartz 
into such a filament before it  can 
cool or harden. 

• • • 

Let us send you a free copy of the 
new booklet, "Books by Westirtg­
house Authors." Titles listed are 
not only in the fields of Electricity 
and Electronics-many of them 
standard texts-but also cover a 
wide variety of other subjects, 
from Astronomy to Sales Engi­
neering. Ask for booklet SA 94. 
*W e�tinghouse trade mark. 

Surgery by triangulation 
The life of a soldier wounded by a bullet or shell fragment may depend 
on the speed with which the metal can be located and removed. 

Today, in army field hospitals, only one minute is required to dis­
cover the fragment and locate it in two planes, incidentally giving the 
surgeon two points at which incision may be made and also the correct 
angles and depths beneath the skin. 

This is made possible by the Westinghouse Bi-Plane Marker, a device 
which translates the conditions shown by the fluoroscope into "guide 
posts" for the surgeon's knife. 

Used with the Bi-Plane Marker is the Re-orientating Device, which 
makes certain that the position of the patient on the operating table is 
exactly the same as during the fluoroscopic examination. 

Bi-Plane Marker and Re-orientating Device were designed by West­
inghouse x-ray engineers to meet requirements outlined by Colonel 
Alfred A. de Lorimier, Commandant of the Army School of Roentgen­
ology, Memphis, Tennessee. 

Westinghouse Electric & Manufacturing Co., Pittsburgh 3 0, Pa. 

WESTINGHOUSE PRESENTS : John Charles Thomas, Sunday 2 : 30, EWT, NBCo 
"Ted Malone," Mon. Wed. Fri. 10 :15, E WT, Blue Network 



rROM DBSBRT HBAT TO ARCTIC COLD 
Fin ger-Tip Control for the P-3 8  Passes To ughes t Endurance Tes t l  

Even the grueling hydraulic test i n  the 3000-pound 
pressure range by Wright Field engineers could 
not lick the Hycon high-pressure "Stratopower" 
pump. Not only did it breeze through test runs 
at the blistering heat of 1 60 degrees and at the 
bitter cold of 6 5  below zero, but it stood up under 
550 continuous hours of operation-the equivalent of 
about 200,000 non-stop flying miles-and still had 
the staying qualities to repeat the test. 

A remarkable record, yes! But not surprising. 
For another of our "Stratopower" pumps passes 
the acid test of active combat every day in every 
extreme of climate. Lockheed engineers, by in­
stalling aileron boosters actuated by this unique 
pump, have doubled this great plane's maneuver­
ability and enabled it to fight better and higher­
eight miles up in the stratosphere • 

. Until victory, our entire production of "Strato­
power" pumps is reserved for fighting planes. 
And, to fill the tremendous demand, every avail­
able facility is being utilized at peak capacity. 

LET'S ALL BACK THE ATTACK - BUY MORE WA R BONDS 

� �¥ '?� � 
The compact high. pressure Hycon "Stratopower" pump, fur· 
nishing variable volume up to 3000 pounds per square inch-when 
no longer restricted by wartime needs-will do a great many 
hydraulic jobs better. 

Out of the incredible demands of the war will come miracles 
of technological improvement t ,  help rebuild a shattered 
world. More goods must be produced faster and cheaper. 
New machines will be created and old machines modernized. 
Hycon high.pressure hydraulic power units are ready with their 
contribution to this task. 

If you have a problem of actuation in your postwar plan, or 
the modernization of your present equipment, Hycon will help 
to solve it. High.pressure (3000 pounds per square inch) pumps 
and valves, or assembled complete power units, are available 
for your requirements. 

� 7�- lnflnitely variable pressure controls at YOUR flngertips 

Patented - Manufactured only by The New Yorle Air Bralee Company 

THE WE ... 'YORK A •• _RAKE COMPANY 
----------------------,M�2)WM�------------------� 
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