
Scientific 

American 

DECEMBER 
1944 

35 Cents 
a Copy 

50c IN CANADA 



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 short wave radio equipment in the first assault 

wave will help do the job. The 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,constandy refined under fire of war 

will be ready for the peace with the finest short wave radio equipment available. 

halli[rilftl!rs RADIO 

Here is a Hollicrafters 15 tube, six bond com· 
municofions receiver with an amazing range 

and capacity. Right now all of Hollicrafters 
production goes into wor communications 
equipment. But the time will come when you 

can own a set like this, a set that has been tried 
under fire cor refined and perfected to th� 
highest degree. Keep an eye on Hallicrafters 
to keep you in touch with the exciting new 
world to come. 

THE HALLJCRAFTERS COMPANY 
Manufacturers of Radio and 

Electronic Equipment 
CHICAGO 16, U. S. A. 

BUY A WAR BOND TODAY! 
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• .  The submarine's periscope anq 
th�.,surveyor's transit have a (Om­
mon. need for a((ura(y . . . the one 
for War, the other for Pea(e. To 
serve the gr�ater need, the produc­
tion of precision instrument optics 
atUnivis is 1l0W devoted exclusively 
to the· requirements of our Armed 
Forces. Tomorrow, Univis precision 
craftsmanship will produce peace­
time needs of science and industry, 

PRECISION IS A 

HABIT WITH UNIVIS 
. . . a priceless habit born of years 
of fai thful adherence to precision 
standards in the manufacture of 
finest quality multifocal ophthalmic 
lenses. We invite correspondence 
regarding your post:war plans in­
volving the use of precision instru­
ment mirrors, lenses, and prisnis. 

IVIS 
INSTRUMENT .,LENS .DIVISION 
THEUNIVISLENSCOMPANY 

DAYTON 1, .. OHIO 
COPR. 1944 
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Previews 01 tile Industrial Borizon 
IN lSU. Sde-"tUi� American wUl be 100 years old. Plans for 
c:elelnallDg this cmniversary bave been perfected. are well under. 
way.To attempt here to tell you all about the celebration would 
QIOiI CI 8ursmae., even If space permitted details. lleqular readers 
will open their eyes: new readers will do well to reserve copies 
In ach>cm.c:e. beCause war-time restric:tibns wUl limit numbers 01 
c:opiee available of the 12 spec� ADDlversary Issues that wID 
becJIn with January. 

That much can be said now. and this much more; Two new 

sectiou win be added to, each Issue and three new conlrlbutinIJ 
ecUtors will join iIle brilliant qronp of spec:ia1lsts who now brlnlJ 
to Sc:iImtific: AmericGJ:I readers the broadest view of prOlJress In 
ac:;lenc:e and Induslry obtainable In any periOdical. 

The two new sections win be "Plastics in Industrt" and ''Trans­
porlation." EdltlnlJ Plastics will be, Charles A. Dreskln. Editor and 
pubUSher of Modern Plastics, who probably has doDe more for 
the plaslies lDdulry as a whole than any other one man. 

Trcm.sportatlOD will be divided into Railroad and Hi9hway 
trcmsporlatlOD:, with Col1lrlbutinIJ Editors altematiDIJ from month 
10 month. In January you wlll find the lirstrailroad article by 
C. B. Peck. Nana9inIJ Editor of Raii1l'a'y Mechanical Engineer, 

who has been -identified with rcdlr�adinIJ ' for so IonlJ that he 
knows his st,lbjec:t, thorOUIJhly from ballast to whistle. 

In the February Issue will come Leslie Peat, MGJ:IaIJinIJ Editor 
01 the S.A.E. Journal, writinIJ on the IJeneral s�jec:t of hlqhway 
transportation. Mr. Peat has an Intimate dally contact with auto­
molive transportation, ,and a fac:ulty 01 diqIJln1J deeply into the 
real meat .01 bls subject. 

These new sections In S�ientlflc American are "plusses" in the 
Bense' that they will start COincidentally with the first of our An­
niversary Numbers. The real treat of the year :will be a serles of 
monthly �nBpirational surveys of the backlJround, the present. and 

the probable future of various phases of industry, as seen through 
the eyo of experts In the fields, culmlnatlnlJ In one bQDIJ-up issue 
which, ,It is predicted. will become a collector's item because of its 
unique contel1t. 

PLASTICS' ' .. .flnIJIG STIBY 

W mLE' there is no thought' of making a
' 

book-review ,sec­
tion out of this page, it is impossible to resist the temptation 
of ''lifting'' a quick view of the plastics horizon from the 
book ''The New Plastics/' in an attempt to show quickly and 
in one glance tlie extremely broad fields that these industrial 
materials can and will cover. 

_ One plastic is called a "synthetic mica"; another is more 
nearly like glass than any other plastics: still a third is a 
synthetic rubber with high resistance to oil, gasoline, heat, 
light, and oxidization: one more has a strength-weight ratio 
in one direction higher than that of stainless steel; others 
make ideal "adhesives for other, materials; 

Even such a brief listing as this acts as a spark-plug 
,to start the imagination going along the plastics highway of 
the immediate future. 

TBE VRS,EER III TlREE DIIIERSIIRS 

To THE tremendous advantages of extreme magnification of­
fered to science and industry by the electron microscope 
has now been added the feature of three-dimensional view­
ing. With these three-dimensional pictures, made available 
by the application of the Polaroid vectograph system, it be­
comes possible to study and measure the shape and space 
charactetistics of invisible structures that, are extremely 
difficult or impossible to see in ordinary electron-microscope 
photographs. 

The three-dimensional vectographs were first, demon­
strated recently by Robert D. Heidenreich, of the Dow 

242 

Chemical Company, where -they are being used in the in-' 
vestigation of corrosive phenomena in magnesium alloys. 
Says Mr. Heidenreich: "We can now examine the shape 
of micro-structures jUst as we can examine the formation 
of rock in a quarry. The increasing' store of knowledge 
of new characteristics of metals will doubtless be utilized 
in the developinent of new alloys that perform even betteT 
than those we have today." 

POST·WAB II"OB·C'ABS 

M ORE modest than a maiden with her 6.rst boy friend are 
most of the motor-car people when pressed for definite 
statements regarding their plans. General Motors has noth7" 
ing to say except that they can get into .production in a 
hurry, once they· get the green light. Nash has ordered 
machine tools and factorY plans for pOst-war' production, 
but remains quiet on details. Graham-Paige comes the near­
est to being the Sunday-supplement writer's delight by 
saying that they will by no means be the first to, get into 
production but. that when they do it will be with a motor­
car that will be "as modern as tomorrow." Ford, it is re­
ported, has big plans for little automobiles but will not en­
large on that statement. Ex-Ford-man Sorensen, now presi­
dent of Willys-Overland, is plumping for the jeep and pre­
dicts that that great little vehicle will have a brilliant post­
war future; in fact, he foresees it as repeating the history, 
of the Model T after World War I. 

All this makes good but still somewhat unsatisfactory 
fQod for thought. From this vantage point, any money to be 
bet still goes on the probability that motor-cars post-war will 
pick up where they left off with war-born refinements, and 
carry on through sane, reasonable developments. Old Man 
Public is a: funny fellow about his automobiles, as quite a 
few manufacturers have learned who attempted to produce 
and sell "futuristic" motor-cars in competition with estab­
lished, tried-and-true designs. 

FOB FVTVBE BEFEBIKeE 

HOME-FURNACE fuel, in the form of three-inch cubes com­
posed of anthracite and bituminous fines, held together with 
an asphalt binder, is in the offing. . . Companies that give 
attention to the eyesight of their employees are finding 
that it pays ,dividends in increased production and con­
tented workers. . . If you are thinking about tlie highly 
efficient aircraft heaters now in use asa possibility for heat­
ing your post:"war home, forget about it; it just isn't in 
the cards until many of the bugs have been eliminated. . . 
The better the fuels developed for internal combustion 
engines, says Charles F. Kettering, the greater 'the improve­
ment that can be made in them by the adc1ition of ethyl 
fluid; . . Agriculture and indUStry are coming closer to­
gether; more and more agricultural products are finding 
pharmaceutical and industrial use. . . Developments in 
fuel injection for gasoline engines foreshadow a possible 
return of the two-cycle system and direct competition with 
the Diesel in power and economy ... Electronic devices. 
now multiplying like the proverbial rabbits, must, if they 
are to be successful, be regarded, as something to be engi­
neered into the whole rather than as gadgets to be at­
tached at will. . . If you want to stir up an argument with 
a marine shipping man, bring up the question of what 
is to be done with the relatively slow Liberty ships after the 
war; right now they look like fodder for a peace-time scrap 
drive. 
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Q. What Is Corronizing ... 
A. Corronizing is an inexpensive, 
tissu e -thin armor against rust 
made an integral part of the metal 
by a patented combination of 
electroplating and heat treatment. 
Corronized metal can be formed, 
drawn, welded, soldered, sheared, 
blanked, pierced or embossed 
without material loss of rust-resist­
ance, and offers an ideal bonding 
surface for paint or other finishes. 
Sa les and production executives 

are invited to write for complete 

hiformation. 
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METALS LAST 
UP TO • TIMES AS LONG I • 

WHEN YOU can get up to four 
times as long service for your 

money-just by looking for a label 
-why accept less? That's just what 
it means in extra value, when a 
manufacturer puts the "Corronized" 
label on his products! 

On the jacket of your next fur­
nace or air conditioning system­
and on stove or furnace pipes-the 
"Corronized" label means up to 
four times longer li£e before rust 
destroys the usefulness you've paid 
for. It's your guide to entirely new 
value in scores of other metal prod­
U:cts, too ... in automobile mufflers 
and parts-in hot water heaters and 
electrical equipment-farm equip­
ment and window screens - and in 
scores of other metal products. 

Corronizing is a new, proved, far 
more effective protection for metal 
against the rust damage that robs 
Americans of a billion dollars each 
year. The Corronizing process is 
the result of years of research by 
Standard Steel Spring Company, 
leading producer of specialized 
steel products-and has proved it­
self on vital products at the fight­
ing fronts. 

The Corronizing process is al­
ready available to all makers of 
metal products. Soon, on more and 
more metal items, you'll find the 
"Corronized" label identifying four­
times-greater values. Look for it­
ask for it. It's your assurance of 
products that will defy the ravage 
of rust up to four times as long. 

CORRONIZING 
Division of 

Standard Steel Spring Company 
DEPT. 8-4 

CORAOPOLIS, PE N N S Y LVA N IA 

Other peacetime products of Standard Steel Spring Company are 
automobile 'bumpers and springs, precisio,n mechanical coil 

springs, universal ioints, floor gratings and stair treads. 

Vldory 'S Stili Many Dollars Away. Buy War. Bonds. 
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'n 

50 Yeors Ago iD • • 

(Condensed from Issues of December, ·1894) 

AIRPLANES � "Experiments with Prof. Langley's flying 
machine have been in progress for some time past. . . This 
in connection with Maxim's work, goes far to indicate the 
possibility that we may yet see a successful aeroplane fly­
ing machine." 

ALPINE ELECTRICITY - "An American traveler in the Tyrol 
and other Alpine countries gives an'interesting account of 
the manner in which the Alpine torrents are being utilized in 
the Swiss villages ... The streets in many cases are as bril­
liantly lighted as Broadway. There are clusters of in­
candescent lights strung across the streets every few yards. 
. . . It is probable that extensive manufacturing interests 
will soon spring up and the mountain torrents will turn 
saws and spindles as well as dynamos." 

WELDLESS CHAINS - "Mr. O. Klatte, the manager of the 
Walzwerk Germania, at Neuweid-on-the-Rhine, has recently 
successfully worked out a system of manufacturing weldless 
chains, in which all the tedious operations of repeated heat­
ing, forging, and punching are avoided. This is effected by 
simply rolling the chains ... The original form is a bar. This 
is passed between four rolls ... After leaving the rolls, the 
chain bar is passed through a punching machine, with auto­
matic feed, by means of which the webs are removed. . . 
The chain bar, of which the lin�s are ,still connected by a 
slight web where inaccessible to the punches, is reheated. to 
a, red heat and passed under a press, by which the links. are 
reduced to the specified width." 

ALCOHOL � "Vivien and Dupont have experimented as to 
the manufacture of alcohol from apples. One hundred quarts 
of apple juice, weighing 233 pounds, contained the usual 
water, 0.03 percent of ash, 2.04 percent of pectin bodies, 
and 2 percent of cane sugar, 2.97 percent dextrose, 8.50 per­
cent levulose, and 0.84 percent of other sugars ; total sugars, 
14.31 percent. On adding phosphoric .. acid, potash, and am­
monia (or sodhlm nitrate) the fermentation proceeds as 
quickly and completely, as with turnip juice, and by this 
means 5 percent, of alcohol is obtaine'd from the apples." 

SODA -"California is one of the few localities in the United 
States where natural soda is found. The geographical oc­
currence of this substance in the United States is principally 
confined to the arid regions of the Great Basin, especially. to 
the soda lakes near Ragtown, Nev.; Mono Lake, Mono 
County, and Owens Lake, Inyo County, Cal.; and Albert 
Lake, Ore.; and to many dry deposits and incrustations in the 
same region." 

TALL BUILDINGS - "The contour of the city of New York is 
undergoing a very striking change in the increasing number 
of tall office buildings now being erected. The construction 
of these buildings is made possible only by the use. of steel 
frames ... The modern tall office bUilding has a steel frame. 
This carries nearly the whole weight, and the walls, solid 
and massive as they appear, do not support the structure, but 
simply fill the interstices." 

FLYWHEEL - "Among the most recent and novel applica­
tions of wire, perhaps none has greater interest to the me­
chanical world than that presented by the new wire fly 
wheel lately erected at the Mannesmann Tube Company's 
Works ... The wheel ... consists of a cast iron hub or boss 
to which two steel plate disks, about 2 0.feet in diameter, are 
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bolted. The peripheral space between the disks is filled in 
with some 7 0  tons of No. 5 steel wire, completely wound 
round the hub, and the tensile resistance thus obtained. is far 
superior to any castings." 

POWER LOOMS - "In mechanical weaving the progress 
has been great, not only in the quality and character of the 
work done, but in the amount of production. There is scarce­
ly a woven design that cannot now be produced on the 
power loom. But the advancement in power loom weaving is 
more appreciated in the speed at which the loom can be run 
and the facility with which it can be tended." 

STEAM 'DEFENSE � "A simple and effective method of re­
pelling train robbers by discharging jets of steam upon the 
attacking party has recently been patented by William H. 
Reeve, an old tugboatman, of New York. . . A further use 
of steam as a means of defense, the inventor, claims, would 
be in protecting banks against thieves ... Amore ambitious 
plan, however, is to utilize steam in the defense of forts, 
armories or arsenals." 

POWER STATION -"The Eastern Power Station of the 
Brooklyn City Railroad Company, situated on the banks of 
the East River, in Brooklyn, N. Y., from the electrical and 
mechanical aspect is undoubtedly one of the most perfect 
steam and electric plants in existence ... Thirty-six Babcock 
& Wilcox tubular boilers are eventually to be introduced. 
The chimney is of brick and rises to a height of 2 96 feet, 

,and. contains a circular shaft 17 feet in diameter. It is not 
only available for natural draught. Into its base a species 
of nozzle or intake is built, to which are connected two 12 
foot Sturtevant blowers. When these are in operation, a 
torrent of air is injected in the base of the chimney arid acts 
injector-fashion to produce a draught. The advantages of 
this system are that it dispenses with the necessity for closed 
ash pans or boiler rooms." 

CAR CLEANING -"A novel use of compressed air has re­
cently been made by some Western railroads. Jets of air 
discharged from flexible hose are made to do the work of 
brooms, whisks and cloths in removing dust and cinders in 
passenger cars." 

NIAGARA POWER- "Engineers have. estimated ... that the 
total water power of Niagara Falls is 7, 0 0 0, 0 0 0  horsepower. 
This estimate, to be sure, is in the main only a guess, but 
when the area drained into the lakes above Lake Ontario, 
and passing through the Niagara River, be considered, the 
guess or estimate does not seem to be too large." 

INVENTION -" 'One of the 
'
best opportunities for a young 

man to make money quickly in these days,' said a self-made 
millionaire, ... 'is to rack his brains until he has invented 
something useful or that the pu�licwants. A general impres­
sion prevails that it takes a skilled engineer or a man of 
phenomenal inventive ability to develop anything useful to 
manufacturers in this age of machinery, But there is a wide 
field open to shrewd amateurs, so to speak, to supply little 
articles of convenience to housekeepers, shopkeepers, etc.''' 
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If You're Waiting for a Home Telephone 

IF YOU are waitin'g for a home tele­

phone, we think we know how you feel. 

You'd like a telephone now,....,not weeks 

or months from now. And we'd like to 

install it for you now. 

But due to the war we are short of 

switchboards and telephones, so there 

will be unavoidable delays in filling 

orders for home telephones. 

The delay will be as short as we can 

make it. Meantime, we are genuinely 

grateful for all your patience and 

co-operation. 

BELL TELEPHONE SYSTEM 
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POST-WAR PROSPERITY 

. assenger cars were stored 
Machines for ma\ung P 

soon they will pro-
away when America w.ent to ::�·s again-and here's 
duce civUlan automOb,les :n J bUes than ever before! 
why they will be better au omo . 

� Producing 6,000,000 auto­
mobiles a year will provide 

many a postwar job. 

The metals, rubber, fabrics, 
glass, ceramics, plastics, elec­
trical parts and other materials 
consumed by such production 
will help to stimulate many 
industries. 

most of the essential replace­
ments are made - what then? 

Early in the post-war period, 
cars will undoubtedly become 
better looking, more comfort­

able, easier to handle and drive. 

But the most significant prog­
ress in motorcar design will 

, J • 

depend -'-in the future, as in 
the past - upon the development 
of engiTies that get more ';;ork out 
of each gallon of gasoline. 

A big step in this �irection has 
already been taken. Immedi­

ately after the war the petro­

leum industry will be able to 
supply gasoline of (far higher 

quality . • .  gasoline that in 
engines designed to utilize it will 
give more power, more mile­
age, better performance. Thus, 
the foundation for ·more effi­
cient engines is already laid. 

Every car manufacturer will 
produce to the limit at first­
and for some months after "the 
wraps" are taken off. All cars 
will be "easy to sell." But after 

ETHYL COR PO RAT I O"N 
Chrysler Building, New York City 
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Manufacturer of Ethyl fluid, used by oil companies to im­
prove the antiknock quality of aviation and motor gasoline. 

Wartime progress by America's petroleum Industry has paved the . 

. way for fundamental progress in post-war automobile engine design. 
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December 1944 Scientific American 
EHGDtEEBIHG 
Conducted by EDWI N LA I R D  C A DY 

Courtes:r Intenlatlonal aarvester eom_ 
The power tr.anamls.lon I. completely encloaed for .afety 

Power Transmission Tumed 
Fadory Power Traasmissioas. Once Greal Accidenl Producers. are Hoyt 

Among Ihe Safesl Things ia the Shop. Furlher. Ihey are Quieler. More Ef· 

licienl. More Accuralely . Conlrollable Ihan Ever Before. They Absorb 

Vibralion and Shocks. Prolecling Machines and Power Sources Alike 

WHEN the dust of battle finally 
. settles, and industrial historians 
look back to see what changes have 
been made in factory practices, the ad­
vances in the mechanical engineering 
of· power transmission are going to be 
found among the most valuable. 

Only an old timer looking back at 
the factory of yesterday and compar­
ing it with the one of today could see. 
how great those changes have been. 

Power transmission, for example, 
used to be one of the three greatest 
producers of accidents. Now, modern 
guards arid casings have made it one 
of· the safest things in the shop. 

Much of the noise once considered 
sO necessary to industry used to come 
from the whirring, slapping, squealing, 
grinding, and vibrating of power trans­
mission devices. Now, power transmis­
sion is not only one of the quietest 
elements, but it actually is used to ab­
sorb and dampen noises made by other 
equipment. 

Shop lighting once was made very 
difficult by power transmission which 
got in the way of any attempt at flood 
lighting or indirect illumination. Opti­
cal illusions caused by the movements 
of power transmission devices used to 
cause errors and accidents. Now the 
power transmission is out of the way, 
arranged so it causes no optical illu­
sions, its guards and casings especially 
painted to promote the effectiveness of 
shop lighting. 

The portability of powered tools, 
drills, welders, grinding machines, and 
the like, used to be held down to the 
negligible point by the difficulties of 
connecting such machines to sources of 
power. Attempts to build individual 
engines or other power plants into this 
equipment were beaten by the sizes and 
bulks of the power trlinsmissions in­
volved. Now there is no basic type of 
production machine which has !JIlt 
been made fully portable. Machines 
which never were intended to be port-
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able, such as drill presses, milling ma­
chines, furnaces, looms, are kept per­
manently mounted on skids so they 
can be moved from point to poinUn the 
production line or from one production 
line to another whenever the product 
to be made is changed enough to make 
a changed production operation se-
quence desirable. 

. 

One of the largest automobile makers, 
for example, keeps thousands of ma­
chines on semi-permanent mountings. 
If a machine breaks down and has to 
be repaired, or its tools need replac­
ing, it is unbolted from the floor, picked 
up by the shop crane and taken to the 
repair department. The crane then 
picks up a fully tooled similar machine 
and places it in the production line. 
The production never is interrupted 
for more than a few seconds. Such tac­
tics would have seemed impossible 
to the manufacturer of a f.ew years 
ago. But modern power transmission 
with its easy adaptability has removed 
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the production tie-ups which used to 
be taken for granted when key ma­
chines ceased to function. 

Portable powered tools were really 
born in the desperate production prob­
lems of ship building and, aircraft 
building during days of World War 1. 
Power sources such as compressed air, 
electricity, hydraulic pressure, or even 
steam were all ready for these tools. 
But users took short life on the job for 
granted. The motors or engines would 
stand up, and so would the ham­
mers, chisels, drills, or other tools 
which were being driven. It was the 
power transmission-the bearings, gears, 
clutches, and the like--which failed 
after a few hours of service. 

Now these same tools are out of the 
"emergency" class, and into the "taken 
for granted" group. Their bearings and 
gears have been made more accurate, 
because anything which moves can be 
strengthened enormously by measuring 
to the order of .00001 inch instead of 
.001 inch. Metallurgy has supplied al­
loys and heat treatments which can 
take the shock loads, the temperature 
differences (a shaft in a portable pow­
ered tool may be hot enough to turn 
carbon steels blue at one end, but be 
ice cold at the other) , the metal rend­
ing torques which the power transmis­
sions of portable machines must han­
dle within the smallest possible spaces. 
Electric, pneumatic, and all other kinds 
of motors have been greatly increased 
in power while being reduced in size 
and weight, gasoline engines with their 
pulsating loads on the power transmis­
sions have been made in tiny sizes for 
portable powered tools, and still the 
modern power transmissions stand up 
and take it. 

PRECISION POWER-The exactness with 
which modern power can be made to 
function is one of the brightest prom­
ises to the machine designer of the 
future. 

Electric motors of today take ad­
vantage of this exactness. They can be 
made to deliver torques (twisting 
forces) which are within a few pounds 
or ounces of the amounts desired. With 
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The revolvlnq drum of this 
rotary cleaninq and coat­
inq machine for hot rolled 
steel imposes \ouqh shock 
loads. but the motorized 
chain drive takes them 

Coq-belts were chosen for 
this job (riqht). because 
they operate on short cen­
ters. provide close speed 
control. and deliver smooth 
power flow at hiqh speeds 

trical gage on the motor which drives 
his machine and if that gage does not 
show that the right amount of power is 
being used then he knows that some'­
thing is wrong. -But all such devices 
would be usEless if the power trans­
mission would not deliver the power 
exactly as the motor produces it or 
exactly as it is required. The old...;fash­
ioned machinist with his non-uniform 
power transmissions and his fiuctuat-

, ing sources of power had to work by 
judgement and instinct; he had to 
keep within safe limits and could not 
approach the outputs on similar opera­
tions which his modern competitor ob­
tains. 

Ability to protect both the driven 
machines and the prime movers (mo­
tors, engines) is engineered into mod­
ern power transmission. 

-Such power-driven tools as saws, 
milling cutters, and even some reamers, 
can set up destructive vibrations. The 
individual teeth of these tools strike 

Courtesy Dayton Rubber Manufacturing Company 

such motors the machine operator can 
work right up to the limits of power 
which his tools and materials can take, 
knowing that no, sudden surge of 
power from the motor will come along 
to break anything and that no dimin­
ishing of power will throw his calcula­
tions out of whack. But all of this ex­
actness would be useless to him if he 
did not have similar accuracy in the 
performance of his V -belts, flat belts, 
chains, gears, hydraulic devices, 
clutches, and other power transmis­
sion members. The only power that 
counts is the power applied at the 
point of work. Exactly controllable 
and functioning power transmission is 
what gets the exactly controlled motor 
power there. 

Metal cutting makes use of this ex­
act control. The modern machinist de­
termines the depth of cut in inches 
he will make, and knows that this, 
times feed in inches per minute, times 
surface feet per minute at which the 
tool will be in contact with the work, 
times a constant which varies with the 
m/ital to 'be cut (see table), equals the 
horsepower required for the cut. With 
this knowledge he can mount an elec-

the work with shocks which are like 
hammer blows, and those blows can 
come at the rate of hundreds a sec­
ond. Results might be loosened bolts 
and nuts, unbearable noises, quickly 
worn or "peened down " bearings, and 
plenty of other troubles. But with each 
blow individual members of power 
transmission sequences stretch slight­
ly, slip a little, compress a few mil­
lionths of an inch, bend like springs, 
or take some other cushioning action. 
The result is that the vibration forces 
are absorbed by causing the members 
to do this work and only a slight 
amount of vibration escapes to do dam­
age elsewhere. 

Old style belt drives could-and still 
do-absorb plenty of vibration. The 
point is that in modern belt drives, as 
well as in all forms of power transmis­
sion, the exact amounts of vibration to 
be absorbed and the exact methods by 
which it will be dampened, all are 
engineered right into the designs of 
the drives. 

And if the duties of the driven ma­
chines are changed, the vibration ab­
sorbing abilities of the power trans­
mission can be changed too. One ship-
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yard put some quick-acting, highly 
elastic belts into the power transmis­
sion sequence which took power from 
the motors to the points of work on 
drill . presses, and found that ,the pro­
duction rates could be upped by more 
than II) pereent, with longer drill life 
than ever had been obtained in its 
e�erience. 

On heavy shock loads 1(h.e power 
transmission also takes the rap. A saw 
may abruptly run into a hard knot, a 
punch press deliver its flywheel force 
to the heaviest part of its cycle, the 
parts inside of a tumbling barrel all 
suddenly bunch up and fall so that 
their whole weight is thrown against 
the direction of the barrel's rotation, 
and so on. When these things happen, 
the entire machine could be affected 
as if it had been struck by a giant ham­
mer. But the power transmission se­
quence is ' designed with just these 
shocks in view. Its memberS stretch, 
slip, bend, and compress just as they 
would for vibrational loads, the only 
difference being that their action is 
slower and the amount of "give", gen­
erally is greater. 

SHOCK COMPENSATION-Here again the 
a.ction has been deliberately engineered; 
engineered as only modern power 
transmission permits it to be. For slight 
shock loads the transmission may re., 
fuse to compensate more than an in­
finitesimal amount, rather being de­
signed to force the tools to ignore the 
shock and get on with their work. But 
at an exactly calculated amount of 
shock the transmission members take 
their cushioning action, save the ma­
chine and its tools, give the motor 
the little extra time it needs to pick 
up the added load and get the machine 
back .to smooth functioning. 

Electricity would be far more haz­
ardous than it is if power transmission 
sequences were not ' designed to help 
in the control of it. The power trans­
mission can insulate ; prevent stray or 
leaking currents from motors from 
getting at the machines. Flexible coup­
lings between motors and gear re­
ducers, chain drives, and so on, are 
made with members which are excel­
lent insulators. Nearly all belts are 
either excellent insulators or at least 
very poor conduCtors. 
• Power transmission can be an ex­
cellent conductor, too, to take static 
electricity or vagrant currents away 
from fire-dangerous materials. Rubber 
belts, fur example, can be made into 
excellent conductors. Originally de­
veloped to dissipate harmlessly the 
static electricity in powder mills, these 
belts now are used in flour mills (flour 
can go off like gunpowder if ignited 
while mixed with just enough air) and 
to furnish similar protection wherever 
flanunable gases or vapors are found. 
In these ways power transmission j oins 
non-sparking wrenches and static-con­
ducting fl,oars to bring safety to pro­
cesses which otherwise would be ter­
ribly dangerous. 

One of the gl'eatest advances in 
power transmission is its ability to pro­
tect itseLf against its own former ene­
mies. 

The fact that modern transmission 

systems can be encased or enclosed, 
whereas many of the older ones had 
to be left exposed so they could be 
watched for wear 'and defects, is a great 
help in protection. 

Chain drives, gear' trains, and others 
which need lubl1icafJon, often are en­
closed. At high speeds they could not 
be lubricated properly if left exposed; 
the lubricant would fly too far and do 
too much ' damage. �ut, enclosed, these 

'Material Power 
Constant 

SAE 1010 -1025 6 
SAE 1030 -1095 8 
SAE 1 1 12 -1120 6 
SAE Xl314-XI340 6 
SAE Tl330-T13S0 9 

, SAE 2015 -2320 7 
SAE 2330 -2350 9 
SAE 3115 • -3130 8 
SAE 3135 -'-3450 9 
SAE 4130 -4820 9 
SAE 5120 -5210 10 
SAE 6115 -6195 10 
Bronze ( Hard ) 10 
Bronze ( Soft) .. 
Aluminum Castings 3 
AlumiDutn Bar 4 
Copper 4 
Cast Steel 9 
Cast Iron ( Hard ) 4 
Cast Iron ( Medium ) 3 
Cast Iron ( Soft ) 3 
( Alloy ) Cast Iron ( Hard ) 4 
( Alloy ) Cast Iron ( Medium ) 3 
( Alloy ) Cast, Iron ( Solt) 3 
Malleable Iron ( Hard) 5 
Malleable Iron ( Medium ) 4 
Malleable Iron ( Solt ) 3 
Bras, (Hard ) 10  
Brass { Soft ) 4-

Courtesy Mill and Facrtory 
Use the simple formula in the text. 
apply these constants. and melal cut· 
tinq power requirements are known 

drives may work at sl,lch loads and 
speeds that their casings become too 
hot to be tol,lched by the bare hand&--­
the heat coming mostly from fll,lid fric­
tion within the lubricant itself. Yet 
with modern metals and the accl,lracies 

, possible with them, these drives take 
sl,lch conditions and keep on going for 
years:. Naturally, they have far more 
capacitY for th'e same size or bulk than 
had old time drives. < 

Enclosures protect the power trans- ' 
mission members against dllSt, chemical 
fwnes, water, - moisture, .oil , splashed 
from machines, and plenty of other 
enemies which l,lsed to add large fig­
ures in· plant maintenance bills, And 
where enclosure is .not practical, a host 
of special ' materials have been used to 
withstand . whatever conditions are 
found. Belts, for example, once were 
made slippery and short-lived by oil; 
now they are impregnated with Neo­
prene and will stand up indefinitely. 
Gears are made of special materials to 
run in acid baths. Stainless steel, Monel, 
all sorts of corrosion-resistant materials 
are employed. 

. 

Perhaps the greatest advance in 
power transmission has been in the 
controllability of speeds at the work 
points. 

A few short years ago, the machine 
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operator had at the Most two or threli 
speeds to apply to his tools, and he 
had to do what he could Wlith them. 
Now he is more likely to have a high 
limit and a low limit, but between 
those two his choices are infinite. The 
speed of an entire bakery production 
Line or of any machine on it can be 
changed as varying weather changes 
the behavior of the flour. A brass mill, 
a paper mill, or a chemicals plant will 
have speed changing power transmis­
sions · from end to end . .  

Henry Foro is ql,lQted as saying: "A 
machine is a device for submitting 
power to the control of a man." Mod­
ern power transmission does that so 
much better than it ever has been done 
before that the ability of men to con­
trol mechanical power is becoming the 
only problem which gives machine de­
signers no headaches at all. 

BETTEI PUny 
Is Res1l11 01 
Aircrall lf.eds 

EVEN as industry produces higher ac­
curacies in all assemblies, tighter joints 
and smoother surfaces, so that far less 
putty may be needed, research comes­
back with puttys which are more flexi­
ble, more adhesive, and will stand up 
under greater strains. 

Some of the most advanced puttys 
were specially developed to fill indenta­
tions on aircraft wing!; and bodies and 
produce more aerodynamically perfect 
surfaces. Puttys which will take the 
abuse that warplane service gives them; 
will solve many problems of factory 
maintenance and repair. 

MOlE MUKIIGS 

Giad1ldad Scales Increasing 

On Machine Tools 

A WAR-BORN stunt which promises to 
carry over into the post-war designs 
of machine tools is putting more gradu­
ated scales on 'more control parts. 

Much of this has come from the more 
complete guarding of moving parts 
necessary for women employees. The 
shield which prevented cutting · oil 
from splashing and eliminated the fly­
ing of hot chips toward the operator, 
often would cover up the scale which 
had to be read to operate the machine. 

Scales accordingly were scribed on 
the rims of hand wheels, along cross 
slides, on other controls. Supervisors 
soon found that these scales helped in 
the instruction of green hands. Then 
it was noticed that old time machine 
set-up men used the. new scales in 
preference to the old for much of their 
work-the new scales were in positions 
easier to see. 

Much of this development is still in 
the "kink" stage-shops are working 
it out on their own production-line 
machines. But the machine-tool makers 
are watching closely, and the best of 
the kinks will find their way into origi­
nal tool designs. 
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P etroleum's ' Big rhre'e ' 
Basic Processes Which Have Been Developed for Production of High·Octane 
Gasoli�e are Certain to be Turned to Hew Uses. Plastics, Perfumes, and 
Insecticides I\.re Only a Few of the Materials Which May Someday be Pro· 
duced by One or More of the Hew Calalylic Processes 

OUT OF the mighty program of the 
United Nations for producing 

high-octane aviation gasoline will come 
many new methods and processes that 
will serve all industry well in the years 
to follow. War-time need has speeded 
petroleum research and output. What 
might normally have been accomplished 
in years of hard work, the investment 
of "patient money" in a comprehensive 
investigation of basic problems has 
succeeded in doing in a 
short space of time. Sel­
dom has any industry 
increased production fa­
cilities as rapidly as have 
the petroleum producers 
in recent years. 

From this envious 
period of expansion have 
come new chemical tools 
for America. Three im· 
portant ' basic operations, 

. new and potent, are al­
most certain to be re­
tained and expanded to 
new uses when peace 
again returns. These 
processes are fluid cata­
lytic cracking, Thermofor 
catalytic cracking, and 
hydrogen fluoride alkyla­
tion. 

The fluid catalyst 

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

The process was developed by the 
chemists of the Standard Oil Company 
(New Jersey) , as a peace-time expedi­
ent for the improvement of motor fuel. 
However, its easily recognized impor­
tance made for a rapid expansion when 
the need for aviation gasoline became 
acute. 

After laboratory work was com­
pleted, Standard proceeded with the 
construction of a pilot plant which had 

and at certain points the catalyst may 
either be regenerated, or it may be 
drawn off and replaced by fresh cata'­
lyst. The chemists, in working out this 
process, made use of the gas lift prin­
ciple in which a falling stream of solid 
may be kept in approximately the 
same place by an upflowing, powerful 
stream of gas. Another way of illus­
trating this is to imagine yourself 
walking down an ascending escalator 

cracking process is one of 
our most important cata­
lytic processes for mak­
ing high-test fuel. It 
might be noted that all 

Courtesy Standard Ull t)ompany t..!'jew .Jt:.rsey ) 

and staying at the same 
height from the ground 
because of the two op­
posing motions. Imagine 
now that the escalator is 
speeded up. Theoreti­
cally a point is reached 
at which, no matter how 
fast you try to run down­
stairs, you will be car­
ried to the top despite 
your exertion. So it is 
with the gas carrying 
the catalyst powder-by 
speeding the gas the 
catalyst may be trans­
ferred to another point in 
the 'system. The opposite 
effect is also possible, and 
the catalyst can be settled 
by decreasing the gas 
velocity. The important 
feature pointed out here 
is the controllability the 
technique gives over 
catalyst rise, fall, or 

three processes mentioned above are 
catalytic in nature, for the chemist 
of today has made such precise in­
vestigations into the nature of catalysis 
that he can formulate and produce 
mixtures of chemicals that will cata­
lyze the most difficult of reactions. 
This is also the case with the fluid 
catalyst which, incidentally, is not a 
fluid, but a powder. It is such a finely 
divided powder, however, that it re­
sembles a fluid; it pours easily, and 
when gas is passed through a bed of 
the catalyst, it bubbles and moves 
much as a liquid might. 
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Control room of a fluid catalyst crackinq plant 

a capacity of 100 barrels of gasoline 
a day. This pilot plant, built to obtain 
data to design a large plant, cost ap­
proximately $400,000. The first com­
mercial sized unit was begun in 1940 
and was finished in 1942. The commer­
cial installations are huge, towering 
some 280 feet. Gasoline made by the 
fluid method is reported to be above 
92 octane. 

The application of the fluid tech­
nique to the petroleum industry holds 
promise . for other uses. In practice, 
the catalyst is blown by a gas or air 
stream through processing apparatus, 

transportation. 
In petroleum cracking 

by the fluid process, oil is vaporized 
by heat and forced through pipes to 
a huge cracking reactor where the ac­
tual chemical change occurs. The cata­
lyst is drawn into the oil-gas stream 
just before the petroleum gas enters 
the reaction chamber. It is drawn from 
a standpipe filled with regenerated 
catalyst. From the reaction chamber 
the mixture of cracked oil products 
and . catalyst flows through cyclone 
separators where 'the powder is col­
lected. The petroleum gas passes on to 
regular separation equipment found in 
petroleum refineries where gasoline 
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fractions are recovered, but the fluid 
powder flows down a standpipe, and 
at the bottom of the pipe it is picked 
up and carried along by a blast of 
air. The air moves the catalyst to re­
generation chambers where coke, de­
posited on the catalyst during the 
cracking process, is burned off. From 
the regenerator the catalyst again 
passes to another cyclone separator 
where it is removed from the air (now 
flue gas) stream and returns to the 
standpipe for injection, as fresh cata­
lyst, into the oil stream. Thus the 
cycle is completed, and nowhere has 
productic;m been halted. The pr,ocess is 
continuous and the complete transfer of 
catalyst has been accomplished by 
moving streams of gas or air. This is 
a unique process and affords control 
of heat, density of catalyst, and ease 
of catalyst transportation, never before 
obtained in chemical processes. 

Thus, concerning the density of cata­
lyst, the inventors of the process state 
that it has been possible, through ex­
tensive investigation of the properties 
of systems of solids and air, to so ad­
just velocities of gas as to create points 
in the pro�ess where there were high 
concentrations of solids. The densities 
which can be attained are functions of 
the gas velocity, particle size, solid 
feed rates, and composition. 

HEAT CONTROL-Because of the high 
turbulence involved, the temperature 
in the various reaction and regenerat­
ing chambers will not vary more than 
5 degrees, Fahrenheit, from top to bot­
tom. This is an achievement of note, 
for in burning off the coke in a typical 
commercial unit, the heat liberated 
will be 120,000,000 Btu per hour. One 
hundred and twenty million Btu is 
equivalent to five tons of anthracite 
coal or about 900 gallons of fuel oil­
about half your winter fuel require­
ments-and this heat energy is released 
every hour with a variation in tem­
perature throughout the whole mass of 
less than 5 degrees, Fahrenheit. 

Courtesy The Lummus Company 

FLUID CATALYST CRACKING PLANT 
fLUE GAS VENT 

E LECTft.lCAl CATAl YST SEPAR.ATOR L 

OIL FEE A 

CATALYST RETLJR.NED TO REGEN HOPPER 

REGENERATOR J 

I FURNACES 8 

HEAT EXCHANGERS Q 

c 

,I\OOUCT FRACTIONATOR F 

Flow of catalyst and qases in a fluid catalyst crackinq plant of Standard Oil Com­
pany (New Jersey). Beyond point C the powdered catalyst. areated by the oil 
vapor. flows in a manner very similar to liquid flow. Air is used to carry the 
spent catalyst to the reqenerator chamber. J. where deposits on the catalyst are 
burned off. The catalyst then is returned to the hopper M. for recirculation 

Mechanically speaking, the fluid 
processing technique is essentially the 
transportation of a solid much in the 
same manner in which liquids them­
selves are handled. There are many 
more fields of industry which will bene­
fit from this development. It is 'thought 
that it might be applied to organic 
chemical reactions which give off quan­
tities of heat, and in which control 
of temperature is extremely important. 
The principle might also be applied in 
metallurgical processes for reducing 
ores, and to numerous other types of 
reactions involving control of gases, 
vapors, or solids. 

OA ..... O E R  Mif ' " OU T "' �IO AAU. 

The operation of these plants is en­
tirely automatic-c(!ntrolled by instru­
ments which respond to and control 
conditions existing in the processing 
unit. 

THERMOFOR CATALYTIC CRACKING­
The second important tool to come out 
of war-speeded research is Thermofor 
catalytic cracking. Technically the pro­
cess is similar to , the fluid and other 
catalytic processes, except that the 
catalyst is not a powder but a small 
bead or pellet, similar to the pellets 
used in ' the older Houdry catalytic 
units. The Thermofor is a continuous 
system, just as the fluid catalytic pro­
cess is a continuous system; both · are to 
be distinguished from the Houdry 
process which is a stationary catalytic 
bed type. The bed of catalyst moves 
right through a reaction zone, in which 
vaporized petroleum is changed to 
aviation fuel, through an air burning 
regenerating ' zone, and back again to 
do more work as an active catalyst. 

Aviation qasoUne plant in Gulf Coast area. showinq HF alkylation. isomerization. 
and qas plant areas, with a Thermofor catalytic crackinq unit in backqround 

This particular development is the 
work of the Socony Vacuum Oil Com­
pany and resulted from research done 
in 1939 in burning coke out of the clay 
used in filtering lubricating oils. The 
commercial equipment is tall-some 
200 feet high, and this is explained 
by the fact that equipment is mounted 
on top of the piece next in the process­
ing line. The reactor, in which the 
gas meets the catalyst, is 30 feet high. 
Surmounting this is a catalyst feed leg 
-70 feet high-which delivers the cata­
lyst to the reaction chamber. The feed 
leg is fed by a hopper for catalyst 
storage, and still above the hopper is 
the discharge end of the elevator which 
delivers the regenerated catalyst to 
the storage hopper. After passing 
through the reaction chamber, a bucket 
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Section of a unit using the latest 
Thermofor bead synthetic catalyst 

type elevator picks up the catalyst and 
delivers the spent catalyst, (so called 
because it is covered with carbon and 
cannot react properly with the petrole­
um gases) , '  to the top of a regenerating 
unit in which ' the coke or carbon is 
burned out. The intense heat generated 
in this portion of the system is re­
moved by water cooling systems which 
generate immense quantities of steam. 
The catalyst tumbles slowly through 
the regenerator and is purged of all 
carb.on. At the bottom of the chamber 
an elevator, bucket type, collects the 
catalyst and returns it to the top of the 
unit to the storage hopper as active 
catalyst-and the cycle begins again. 

Though this may seem a simple op­
eration, it is in reality possible only 
because many complex mechanical 
problems were solved. One of the tough 
operating stumbling blocks was over­
come by the construction of a special 
bucket which can operate at high tem-
perature. 

. 

Gasoline of , fairly high octane . is 
realized by this process, and though 
Thermofor's future lies mostly in the 
petroleum industry, chemical engineer­
ing has a new tool for catalytic op­
erations requiring solid catalysts. 

. Adaptation will be easily accomplished 
and one of its very important ad­
vantages is its simplicity of operation. 

HYDROGEN FLUORIDE ALKYLATION­
Not the whole importance of the use 
of hydrofluoric acid for alkylation lies 
in the fact that it represents the use 
of a highly dangerous, corrosive chemi:­
cal in commercial quantities. Prior to 
its adaptation to the petroleum field, 
its application lay mostly in the etching 
of glass. Now, freed from a typed part 
in. the industrial drama, it may rise 
to leading roles in organic chemistry. 

Briefly explained, alkylation, in 
chemical language, is the combination 
of isopal"affins and olefins to give 
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branched chain chemical compounds: 
of higher molecular weight. This: 
means, really, the combination of two· 
hydrocarbons to form iso-octane­
which is commonly called 100-octane· 
gasoline. In the preparation of 2,2,4,-· 
trimethyl pentane, which also is 100-
octane gasoline, isobutane and propy­
lene are combined-and hydrofluoric 
acid is one of the catalysts that may 
be used in this operation. This difficult: 
chemical operation is being done on a 
huge scale today for the war efJ'ort­
but there is the strong possibility that: 
other reactions made possible by this: 
acid will, in the future, form the basis: 
for other chemical enterprises. 

Hydrofluoric acid, HF, is a dangerous: 
material. It requires constant super­
vision, the best design, and the most 
corrosion-resistant materials to keep it: 
within bounds. Bad burns are caused' 
to personnel who are unfortunate 
enough to come in contact with the· 
acid, but under properly supervised' 
work such accidents may be prevented .. 
Other acids, notably sulfuric acid, can 
be used for alkylation reactions, but: 
the power of HF is such that much 
more is expected of it. It causes, with 
ease, - reactions which, .under ordinary 
circumstances, would never occur, or 
which occur with the greatest diffi-· 
culty. HF is the newest wonder-work­
ing tool of industrial chemistry-a tool 

_ which was constructed during the days: 
of peaceful research, but one which 
was sharpened in the crisis of war. 

Someday the citizens of this coun­
try will blandly use plastics, gasoline,. 
perhaps perfumes and insecticides, all 
made through the use of catalysts of 
one form or another. Today our avia­
tors are winning air battles through 
gasoline made powerful through the 
process of catalyzation. Such is the 
power of chemistry. 

ION EXCHANGERS 

Find New Uses ia Prodaciag 

Sullstantially Pare Solatioas 

I ON exchangers, used extensively in 
the softening and demineralization of 
water, have a new chemical use. John 
W. Ryznar, of the National Aluminate 
Corporation, in a report to the Ameri­
can Chemical Society, tells ' of using 
a cation exchanger to remove the sodi­
um from a solution of sodium silicate. 
Th'e resulting product was a pure silicic 
acid substantially free from electro­
lytes. 

The process may be used for the ex­
change of other minerals; for, in addi;.. 
tion to sodium ions, calcium, magnesi­
um, and aluminum may be removed 
and a hydrogen ion substituted for 
them. 

Reversing the process, anions can be 
exchanged also through the ' use of an 
anion exchange material. Thus a solu­
tion of aluminum chloride can be 
changed to aluminum hydroxide by the 
simple expedient of passing the chlo­
ride through a bed of the chemical 
exchanger. 

Solutions made in this manner have 

high purity. Tungstic oxide sols con­
taining 99 percent tungstic acid and 
0.5 percent sodium oxide have been 
formed by this method, the report 
states. 

CONTINUOUS POLYMERIZATION 

May Almosl Doable Capacity 01 
Balliler Plaals ia Uailed Siaies 

T HE potential production of 1,338,000 
long tons of rubber from the originally 
designed capacity of our rubber plants 
of 735,000 long tons is fully possible 
if a new discovery for continuous 
polymerization is u1;ilized. 

The new rubber technique is the in­
vention of chemists and engineers of 
the Goodyear Tire and Rubber Com­
pany. Prior to the development of this 
process, which represents the culmina­
tion of two and a half years of research 
and experimentation, the limiting 
factor in the total capacity of synthetic 
-rubber plants was the batch polymeri­
zation of the buna-S latex. 

The possible production of 1,338,000 
long tons is larger that the total pre­
war world consumption of r)J.bber. The 
additional investment involved to in­
stall the process in rubber plants is 
only about 1 percent of the original 
capital cost. 

POST-WAR RUBBER COSTS 

Will lie Lowered by 

Pelroleam-Alcohol Compelilioa 

POST-WAR prices of rubber have been 
estimated by the Office of the Rubber 
Director. According to the information 
released, actual cost at present of buna­
S rubber is 12.2 cents a pound and 
butadiene and styrene are 8 cents and 
7 cents respectively. Post-war cost of 
buna-S will be 10.7 cents with buta­
diene at 7 cents and styrene at 5 
cents a pound. These figures do not 
include amortization, sales expense, 
profit, or interest on investment. 

Plantation rubber during the period 
1935-1938 was about 10 cents a pound. 
Neoprene rubber is said to cost 24 cents 
at present with a future cost of 19 cents 
possible. Butyl rubber is quoted at 
211h cents now, with a 10 to 14 cent 
spread for the future. 

NEW SLIDE RULE 

Simplifies Vapor­

Pressare. Calcalalioas 

A VAPOR-PRESSURE slide rule, useful 
to chemists and chemical engineers 
using distillation processes and ena­
bling vaporization calculations to be per­
formed in a fraction of the time usually 
required, has recently been invented. 
The critical point is marked, and the 
latent heat of vaporization is given 
on another scale. The slide rule per­
forms gas law calculations directly, .and 
conversions of temperature, pressure, 
and heat units are shown. Calculations 
are accurate to one degree, Centigrade. 

The vapor pressure curve for any 
liquid can be estimated from a single 
vapor pressure value-for example, 
the boiling point. 
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METALS IN INDUSTRY Conducted by F R E D  P .  P E T E R S  

Steel Treating 
Wartime Advances in Ihe Heal Trealmenl 01 Munilion Sleel Nol Only 

Assure Higher Qualily Sleel Paris al Lower Cosl for Peace· Time Producls, 

bul Will ,be Responsible for Widespread Changes in Ihe Design and Per· 

formance of Lighler or More Powerful Engines and Machines 

HEAT treatment, as . recently as 25 
years ago a combination of black­

smithing and black magic, is today our 
most "scientific" me,tal-working process 
and is the chief reason why American 
munitions and ' machines are individ­
ually the world's most powerful. 

There are still heat treaters who, by 
dint of years of painfully acquired ex­
perience, are able to harden a familiar 
part or tool hy heating it (one at a 
time) to a temperature that is esti­
mated with varying degrees of preci­
sion from its color when hot, holding 
it at temperature for "one hour per inch 
of cross-section," dunking it in oil, wa­
ter, or brine and then tempering by 
heating until the steel turns blue or 
straw or some other predetermined hue 
known to represent the "temper" 
sought. 

But the modern shop operating on a 
high-production basis to stiff quality 
and precision requirements employs all 
the known devices that the metallurgi­
cal, electrical, and mechanical sciences 
have most recently evolved: automatic­
temperature-controlled and closely­
timed cycles and processes; special 
treatments that make the necessary 
transformation painless instead of 
violent; electrical, electronic, and di­
rect-flame processes that permit rapid, 
versatile, and selective heating; non­
reacting gas atmospheres that keep the 
steel bright . and unchanged chemically 
although heated white-hot; continu­
ous-furnace designs that substitute 
space for time, and mechanisms that 
automatically raise, lower, start, stop, 
transport, straighten, heat, cool, drench, 
or dry the steel; quench-oil or -water 
systems that scientifically cool, clean, 
and circulate the quenching liquid, and 
so on. 

In the more precise lexicon of the 
metallurgist the most important of 
these time-saving, quality-insuring, 
and design-simplifying methods or pro­
cesses are known as automatic or con­
tinuous furnaces, isothermal (constant 
temperature) heat treatment, induction 
hardening, controlled-atmosphere sys­
tems, and regulated quenches. All are 
outstanding as processing developments 
but in addition most of them have spe­
cial significance for the design engineer. 

designer blueprinting a reciprocating 
engine and its parts, you would be 
enormously grateful for some means 
of obtaining complicated crankshafts 
that could be made of inexpensive 
low-alloy or plain carbon steels, which 
could be machined easily and then 
heat treated, and which would not 
thereby be so warped as to be unac­
ceptable without further machining. 

INDUCTION AND nAME HARDENING­
That is exactIy what induction and 
flame hardening frequently make pos­
gjlble, because they provide a means of 
selectively heating and hardening just 
the wearing surface of locally re­
stricted lI'egions (crankshaft journals, 
for example) without the cost and time 
for, and the warping always associated 
with, heating and quenching the entire 
piece of metal. Internal stresses and 
the danger of cracking or of early fail­
ure in service are also avoided by these 
surface-hardening methods; in fact, in­
duction or flame-heating may be em­
ployed to soften or stress-relieve 10-

Uounesy trurtace (JombuatlOn 

cations or areas already overstressed 
mechanically. 

Several types of induction . heating 
equipment have been highly developed 
in recent months. In all of them, of 
course, the workpiece is placed inside a 
conductor coil carrying high-frequency 
(usually from 9600 up to several mil­

lion cycles) alternating current. The 
reversals induce current flow and 
therefore heat in the surface of the 
work; the higher the frequency used, 
the thinner is the surface-skin that is 
so heated. The time required for each 
operation is, of course, a function of 
the power applied, the size of the part 
and other factors, but with induction 
heating the time is so short-often a 
fraction of a second up to a few sec­
onds-that . production rates are start­
ling and in addition the work is at 
temperature too short a time to be 
more than slightly darkened by oxida­
tion. 

Many units now in use are specially 
designed, self-contained, automatically 
timed machines that feed, heat, spray­
quench, and eject the parts according 
to a predetermined cycle with aston­
ishing uniformity of results. The elec­
tronic tube converters, supplying fre­
quencies of 100,000 up to several mil­
lion cycles, have enjoyed a wave of 
war-time publicity ' and well-deserved 
technical interest, but the motor-gen-

For example, if you were a machine Continuous roller hearth fumaces for annealinq and normalizinq aircraft tubinq 
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erator-powered sets (up to 12,000 cy­
cles) continue to supply a large part 
of the total power used for induction 
heating and are responsible for some 
of the most advanced automatic and 
continuous jobs. A third type-the 
sp<lrk-gap converter-is an old and 
popular standby able to do many 
smaller jobs in extremely versatile 
fashion. 

Induction hardening has thoroughly 
established itself as an ideal method 
for economically hardening various 
types of large and small shafts, pins, 
gears, bearing races, cams, levers, and 
other inachine parts, especially where 

. only the surface is required to be hard. 
The use of the method for the con­
tinuous hardening of steel bars was 
described in Scientific American, Octo­
ber 1944, page 169. One of the war's 
outstanding uses of induction was for 
the differential hardening of armor­
piercing shot of several sizes. 

FLAME LESS EXPENSIVE-Flame hard­
ening (the manual or automatically 
controlled appHcation of an oxyacety­
lene flame to the surface of a steel 
part, followed immediately- by a regu­
lated spray of water) has been used 
for many jobs similar to those on which 
induction is employed. Flame harden­
ing is not so expensive as induction but 
it is also less versatile and less adapt­
able to special shapes and problems­
and especially to straight-line continu­
ous production work. Recent flame­
hardening trends were highlighted in 
Scientific American, September 1944, 
page 103. 

A very recent development in gas 
heat treatment. is the ceramic burner, 
in which pre-mixed gas-air mixtures 
are combusted at extremely high rates 
to give an intense, directed, and pat­
terned heat. Heavy steel parts can be 
brought to temperature and heated 
throughout in time periods so short 
as to make a mockery of the old "soak 
one ' hour for each inch of thickness" 

Courtesy Surface Combustion 

rule (a ceramic-burner-fired furnace 
of this type can heat an eight-inch steel 
billet to 1650 degrees, Fahrenheit', 
throughout in just 14 minutes) , and in 
addition the furnaces can be surpris­
ingly small, according to the usual 
standards. Finally, the ceramic burners 
can be shaped or hooked-up in such a 
way as to heat ,the surface of steel bars, 
tubes, or parts with much the same 
effect as induction, and they are al­
ready successfully competing with in­
duction equipment for some surface­
heating jobs. 

CONSTANT·TEMPERATURE TREATMENTS 
�Fastest comers of all the heat-treat­
ing processes recently have been the 
isothermal or constant-temperature 
treatments, which make use of a metal­
lurgical concept formulated less than 
15 years ago and only now "catching 
on" generally. Known as "Martemper­
ing," "Austempering," "Interrupted 
Quenching," and so on, the isothermal 
treatments are based on the principle 
that the transformation responsible for 
the hardening of steel does not neces­
sarily have to be effected by the con­
ventional but often non-uniform and 
distorting practice of heating to a high 
temperature, quenching in oil or water, 
and then reheating to an intermediate 
temperature, hut may instead be car­
ried out by heating to the same high 
temperature, quenching into a molten 
salt or lead bath held at an intermedi­
ate temperature, and then cooling to 
room temperature. 

In the second procedw-e most of the 
transformation occurs while the steel 
part is at a constant temperature, in­
stead of while its temperature is rapid­
ly falling, as in the conventional meth­
od; hence all portions of an intricate 
steel part pass through the volume­
changing transformgtion at approxi­
mately the saine moment and are not 
subject to the serious warping that 
would result if it were quenched-and­
tempered. 

A typical controlled·atmosphere qenerator used in heat treatinq alloy steel 

Courtesy Lepel High Frequency Laboratories, Inc. 

Set·up . for induction hardeninq of 

qear teeth. The pedestai on which 
the qear rests may be revolved to 
improve the uniformity of heatinq 

The isothermal processes have re­
ceived special impetus during the emer­
gency because of the necessity of using 
low-alloy or plain-car<bon steels for 
many parts. Such steels require drastic 
quenches to harden them properly by 
conventional means, and the drastic 
quenches in turn produce prohibitive 
distortion and even cracking. By using 
the salt-bath-quenching process super­
la1iive physical properties can be ob­
tained, without any warping or crock­
ing. 

One outstanding application of iso­
thermal treatment is the hardening of 
fuses made of S.A.E. 4140 (chromium­
molybdenum) steel. The salt-bath 
process in one installation (several are 
in operation) cut the operating time 
from 1.5 to 3 hours by the conventional 
method to 40 to 48 minutes by iso­
thermal treatment. This unit handles 
over 165,000 pairs of fuse parts per 
month and, despite rigid government 
inspection, has yet to have a single lot 
rejected because of heat treatment. 

The rise of this process has further 
extended the use of molten salt baths 
as heat treating media, and especially 
of electrically heated salt-bath fur­
nace equipment, which lends itself ad­
mirably to the quick, clean, mass-pro­
duction requirements of such work. 
The electrically heated salt baths had 
already earned a special place in the 
hearts of war production men through 
their applications to the ropid, rnini­
mum-decarburization hardening of 
high-speed steel, to the case-hardening 
of steel, and to the neutral-hardening 
of many parts; two notable special cases 
have been the successful use of salt­
bath methods for the differential hard­
ening of armor-piercing shot . (in com­
petition with induction) and for the 
simultaneous brazing and carburizing 
of steel assemblies. 

CONTROLLED ATMOSPHERE FURNACES 
-The virtual revolution in heat treat­
ing represented by the now wide-spread 
use of controlled atmospheres is of as 
much interest to engineers and design­
ers as are the possibilities in induction 
h!!ating, previously outlined. The use 
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of controlled atmospheres can mean 
more rell.able or smaller, stronger, and 
cheaper parts, and ultimately lighter or 
more powerful engines and machines. 

It is as simple as this: When steel is 
heated, either for rolling, forging, an­
nealing, or hardening, in the presence 
of air or oxygen it oxidizes and in 
many cases becomes decarburized­
that is, some or all of the surface­
carbon content is lost. This low-carbon 
skin remains soft instead of develop­
ing the desired hardness when the 
piece is subsequently hea. treated and 
as a result the part has lower hardness, 
lower tensile strength, and particularly 
lower :fatigue strength (resistance to 
failure in vibrating or repeated 
stresses) . Extr;i thickness must there­
fore be provided either to bulk up the 
part and enhance its strength or to 
permit the machining away of the soft 
decarburized surface. Sometimes the 
part before machining off the soft layer 
is weaker than the same (but thinner) 
part after the decarburized skin has 
been removed. 

Machining for this purpose alone is 
expensive and wasteful of metal. The 
designer would much prefer to manu­
facture to something very near final 
size and using steel analyses that in­
volve no wasteful incorporation of al­
loys just to · correct for surface weak­
ness. His end · result would thus be 
smaller, Hghter, and stronger parts able 
to operate at higher stresses and loads, 
in keeping with the general trend 
toward faster, more powerful machines 
and engines. 

Controlled atmospheres are now 
making all this possible. If during its 
heating at the mill and its subsequent 
haFdening the steel is surrounded in 
the furnace by a special non-oxidizing 
gas atmosphere that is also non-decar­
hurizing to the steel, it will come out 
bright and hard and no extra thickness 
or alloy need be provided. 

Several atmospheres are used indus­
trially for this pUrpose, many of them 
designed specificall� for a particular 
set of steel composition-temperature 
circumstances. They represent today a 
sizeable portion of the heat-treating 
equipment industry; some atmosphere 
generators are sold separately from 
the furnace while others are designed 
into the original heat-treating system 
and are an integral part of it. 

PROCESS DESIGN-Mechanization has 
made heat treatment a mass production 
operation in many shops that once con­
sidered it a hand-craft process. Con­
veyorized systems embodying special 
heat resistant alloy parts take the work 
into and out of furnaces, dump them 
into quench tanks, move basket-con­
tainers out of the tanks and into clean­
ing systems, and so oil. Elevating mech­
anisms carry the work from one level 
to another where advantageous or 
necessary. 

Many units now incorporate zone 
control, the furnace being designed with 
three or four different-temperature 
zones; the work moves continuously 
and progressively, for example, through 
a preheating zone, a soaking zone, and 
a controlled cooling zone, all at accu­
rately regulated temperatures, with the 

time in each zone controlled by the 
physical length of the zone. 

"Fancy" quenches of various types, 
many employing mechanical systems to. 
keep the hot part from warping during 
the drastic quenching period, are in­
creasingly used. In fact, the importance 
of quenching as a major factor in both 
the efficiency of the heat-treating op­
eration and the success of the entire 
part-manufacturing process is just 
starting to receive general recognition. 

Better quenching oils are now avail­
able and temperature-controlled, often 
refrigerated, quench tanks are f9und 
in the moTe advanced shops. Water 
quenChing of plain carbon and low­
alloy steels can be increasingly used 
in place of oil quenching of more ex­
pensive high-alloy steels because of 
efficient fluid-circulating or part-agi­
tating systems and the chemical treat­
ment of quenching water to provide 
instantaneous and uniform heat-extract­
ing behavior and thus to avoid soft 
spots or cracking. 

But the broadest .and therefore the 
most significant heat-treating develop­
ment has been the tremendous increase 
in the use .of heat treating itself. Steel 
armor-plate castings, for example, are 
now liquid-quenched and tempered to 
produce the necessary ballistic resist­
ance, instead of just being made thick­
er or doped up with alloys as formerly. 
In the . future, many cast and wrought 
steel products will similarly be heat 
treated with considerable improvement 
in quality and performanCe of the 
product and saving in weight or alloy­
cost as well. 

CEBI1JIII II ALLOYS 
Improves Mechanical Properlies 

And Casling Behavior 

EXTENSIVE research by Russian metal­
lurgists has established the fact that 
incorporation of 0.3 to 0.35 percent 
cerium in aluminum alloys · results in 
substantial jmprovement in both me­
chanical properties and casting be­
havior. 

I:n aluminum-silicon-copper casting 
alloys, for example, tensile strengths 
were 20 to 30 percent higher when 
cerium was present than with cerium­
free alloys, and elongations increased 
more than 15 percent. Rejections of 
pistons for cracking, unsoundness, 
blowholes, and so on were considerably 
reduced when cerium was present. 

RAYY SMOKESTACKS 
Have Been Redesigiled 

For Mass ProdnclioB 

AN interesting example of the skill and 
ingenuity of modern stamping engineers 
is the redesigned naval smokepipe. 
These . smokestacks usually consist of 
an outer and an inner pipe with an air 
space between. Before the war the 
conventional method of building them 
was to use the inner pipe as the strength 
member and the outer casing as the 
cover. 
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Lightness of weight is essential, 
strength must be maintained, corrosion 
should be resisted, and design must be 
such as to reduce overhaul time to a 
minimum. It was found that molybde­
num-beating stainless steel gave the 
greatest resistance to corrosion for this 
use and was adopted for the inner pipe, 
with ordinary "18 and 8" stainless used 
for the casing. 

In the redesign the inner pipe is made 
the strength member for only three 
feet above its foundation. At that point 
the stresses are transferred through 
intercostals to the outer casing, whiCh 
then becomes the strength member. 
The inner casing above the transfer 
point is only 0.040 inch thick and is 
sectionalized to permit removal of an 
upper section without disturbing these 
below it. 

This redesigned smokepipe not only 
met all naval requirements but speeded 
production. 

SPOIGE IROR 
Row Being Experimenlally 

Prodnced in Ihe Uniled Siale. 

SPONGE iron-iron produced directly 
from ore by reducing the latter in the 
solid state, without smelting-has not 
previously been manufactured in this 
country, although a moderate tonnage 
had always been imported from Sweden 
and used as an ingredient of certain 
high quality steels. Recently there has 
been considerable interest . in the pos­
sibility of making sponge iron from low­
grade ore on a large enough scale to 
compete with blast furnace pig iron 
as a raw material for general steel 
making. 

Despite the counsel of experienced 
metallurgists, that American ores are 
just not suited to the economical pro­
duction of sponge iron that can effi­
ciently be used for steelmaking, sev­
eral proposals have been kicking around 
Washington and elsewhere, designed to 
set up numerous direct-reduction 
sponge-iron plants and eventually to 
circumvent on a large scale the blast 
furnace stage of iron- and steel-mak­
ing. Most of them smell slightly of 
politics but a few that are based on 
fairly �arge units using specially favor­
able ores have possible merit. 

At least one plant is already in op­
eration-a Defense Plant Corporation 
plant operated by Republic Steel Com­
pany at Warren, Ohio. The ore used is 
an Adirondack magnetite and the pro­
cess involves reduction of the ore by 
hydrogen at 1200 to 1300 degrees, Fah­
renheit, in a Herreshoff furnace, in 
which the not gas is bubbled up 
through the fine ore on a bottom 
hearth and moves upward, over, and 
around other hearths at various levels 
while ore drops downward from hearth 
to hearth. 

The projected capacity of this plant 
is 100 tons a day. The hydrogen is ob­
tained from coke oven gas, the total 
amount of gas handled being roughly 
equal to that in a blast furnace. 
, EngIneers and politicians alike are 

watching the plant's performance with 
great bJ.terest, although their conclu­
sions may be quite different. 
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AVIATION Conducted by AL E X A N D E R  K L E M I N  

A Miracle Of  Production 

ONE OF the marvels of American ef .. 
, fort in the present war has been 

the enormous increase in the produc­
tion of powerful aircraft engines, in 
spite of shortages of skilled man­
power. The even greater wonder is 
that this increase in production was 
not achieved by mere multiplication 
of hands at work and of standard 
machine tools on the floors of our fac­
tories. It was achieved rather by in­
telligent planning; by almost revolu­
tionary changes in the design of ma­
chine tools so that their functions 
and capacity were multiplied many 
times while the skill required to op­
erate them grew less; and by the care­
ful training of novice operators, women 
for the most part. , The Wright 
Aeronautical Corporation has, perhaps, 
achieved the- most signal success in this 
aspect of the war effort, and this ar­
ticle is restricted to a study of the 
work of Wright Aeronautical in build­
ing the huge Cyclone engines which 
equip our bombers and many other 
military airplanes in all parts of the 
world. It is not necessary to emphasize 
what the availability 'of vast numbers 
of engines has meant to America in the 
war. But it is proper to emphasize the 
lessons which a production-minded na­
tion can draw from this supreme effort 
in production. 

It was the construction of special­
purpose, high-production machine tools 
that has been, more' than any other 
factor, responsible for the tremendous 
increase in the production of aircraft 

Under Vaslly Increased Demand, Aircrafl Engin; Builders Slepped Up Pro­

duction Squarely in Ihe Face of a Diminishing Supply of Skilled Labor. 

One Manufacturer's Methods, Which Successfully Accomplished the Impos­

sible, Involved Many Special-Purpose, High-Production Tools 

engines. The first cost of these ma­
chines is high, but in most cases the 
cost has turned out to be lower than 
the cost of a large number of standard 
machines required to give equal output. 
And in all cases the actual production 
costs have been far lower than the 
costs which resulted from earlier 
methods. 

Far more important than any re­
duction in costs has been the enormous 
savings effected, in man-power and 
production hours. For example, the 
Greenlee Automatic Transfer Machine 
used in the. �anufacture of cylinder 
heads took the place of 42 standard 
machines . which ' would have required 
the employment of 107 skilled and semi­
skilled workers per day. Only eight op­
erators per day, working only one 
shift, are needed for the Greenlee. 
Since the work of these operators con­
sists mainly of loading and unloading, 
with the accurate placing of parts and 
all the rest up to the machine, they 
are usually women who have been given 
only a few days' training. One set­
up man is the only skilled operator 
needed to keep the machine running. 
Thus, a direct saving of 99 persons was 
effected by the introduction of this 
single tool. 

A subsidiary but still important sav­
ing was effected in the construction 
of · these tools. In many cases, it took 
little longer to build the special ma­
chine than to build one standard ma­
chine. With the great reduction in the 
number of machines to be built, there 
resulted a formidable decrease in the 
number of man-hours in building the 
equipment itself. Moreover, this equip­
ment was so designed that unskilled 
women could be employed, again saving 
man-power. 

SUBSTITUTE FOR A MAN-In heavy in­
dustry, the main obj ection to female 
labor has been the lack of physical 
strength for lifting heavy parts into 
and out of machines. This was overcome 
through the installation of mechanical 
lifting devices such as hand or electric 
hoists at each machine, or by the use 
of overhead traveling cranes. Con­
veyors of both the roller Jmd power 
types simplified still further the han­
dling of heavy parts for women 
workers, and also effected enormous 
savings in floor space by eliminating 
the usual temporary storage at each 
machine. Thus, the one Greenlee Trans­
fer Machine, previously mentioned, 
saved more than 3000 square feet of 
floor space. The steady flow of parts 
also sayed aisle space, and reduced 
trucking operations and the number 
of supervisory personnel. 

An engineering or manufacturing ef­
fort rarely starts from scratch-nor 
did this one. 

To begin with, the Wright Aeronauti­
cal production engineers counted up­
on and secured the help of a magnifi­
cent machine-tool industry, accustomed 
to meeting the needs of heavy indus­
tries such as steel, automobile, Diesel, 
railroad, and so on. After the Wright 
people decided what they wanted to 
do, they called in the representatives 
of the machine-tool industry and se­
cured the most ' skilled and complete 
co-operation in the way of special 
layouts. What was' deemed at first im­
possible merely took a little longer. 

FiCiNl'e 1: Supercharqer sections passinq on conveyors throuqh a paint spray room 

Furthermore, the Wright Technical 
Production Unit had the example and 
precepts of the automobile industry 
before it. For years automo'biles had 
been produced in large quantities with 
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a high degree of preCISIOn whenever 
necessary. The methods which were 
successfully applied to automotive 
practices were closely studied and 
formed the basis for much of the air­
craft ' engine effort. The Technical Pro­
duction Unit, though fully acknowledg­
ing its debt to motor-car builders, 
went much further than to transplant 
automotive practices into ' aircraft 
engine factories. A review of general 
industrial practice was also made. New 
equipment was studied, new processes 
and practices were investigated, and 
current methods were re-studied. In 
particular, the conviction that skill 
would be short led to "automaticity" in 
the machine tools. 

SYNTHETIC SKILLS-Just becau'se mul­
tiple operation combined with a mini­
mum of skill was the goal, worker 
training was not neglected; indeed, it 
was very effective. Many thousands of 
men and women were brought into 
the aircraft industry. In general, the 
work which the newcomers had to do 
was different from that which they had 
done before the work tolerances re­
quired had become generally smaller, 
the finishes better, the care in han­
dling greater, ' and the inspection meth­
ods more complex and more exacting. 
Nevertheless, it was proved that a 
training program could be devised 
whereby unskilled men and women 
could become, in a relatively short 
time, members in good standing of a 
team producing the best aircraft 
engines in the world. 

These workers, with specially de­
signed multiple-operation equipment, 
achieved greater production speed, 
greater precision, few mistakes, and 
fewer rejections than at first thought 
possible. Not only that, but it was 
shown that, relieved of its physical ex­
ertion, women actually liked machine­
tool· operations better than men. ' 

When the details of machines and 
processes are considered, there is an 
embarrassment of riches. It is impos­
sible to describe more than a fraction 

Fiqure 2: this Greenlee 
six-way horizontal auto­

matic machine performs a 
number of simultaneous 
operations In the front 
section of a Bup

'
ercharqer 

. 
Fiqure 3: Duplex hydrauBc 

feed Baker drUl puttlnq 
38 holes in the crcmkcase 

nose section of a Cyclone 

of the many and remarkable tools and 
methods, selecting a few striking ex­
amples, with the assurance that many 
others, almost as striking, remain un­
revealed. 

Perhaps the best plan is to concen­
trate attention on the production of a 
few representative parts of the famous 
Wright Cyclone. All comparisons of 
savings in time and man-power are 
based, incidentally, on a monthly pro­
duction of 1900 engines, using a 720-
hour month with 20 percent allow­
ance for contingencies, scrap, and 
set-up. 

Of course, no Cyclone would be 
complete without its supercharger, and 
the manufacture of the supercharger 
front section . serves to illustrate very 
well some of the points of this article. 

Thus, Figure 1 shows autoinatic con­
veyors carrying supercharger sections 
and other parts through the initial 
paint spray booths for the priming coat 
and into the baking ovens. Without any 
additional handling, the 'parts then pass 
through two finishing paint booths and 
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trundle on into the baking ovens. 
Figure 2 shows a six-way Greenlee 

horizontal and angular 14-station auto­
matic indexing machine for rough and 
semi-finish boring, facing, and drilling 
radial holes in a supercharger front 
section. At the first loading, this ma­
chine rough faces and bores 14 intake 
ports and seven mounting pads, and 
rough bores three holes in the oil sump 
pad. This same machine is also used to 
semi-finish face and bore 14 intake 
ports, semi-finish bore the seven mount­
ing pads, finish bore three holes in the 
oil 'sump pad, drill two holes in each 
of the' seven mounting pads, drill seven 
holes in the oil sump pad, and drill 
four holes in each of the two breather 
pads. The Greenlee ,machine, used in 
conjunction with an eight-way hori­
zontal and angular 14-station automatic 
indexing machine, finish reams, cham:' 
fers, and taps radial holes in the super­
charger front section. The two ma­
chines replace four; namely, a radi;l 
drill, a radial tapper, vertical mill, and 
rotary table. The two special machines 
cost $25,400 more, but they saved 276 

square feet 6f area, five handling op­
erations, 17 men, ,and 121.6 production 
hours a day. 

AND SAVED MONEY-Surely, Figure 3 
is another convincing proof of the mar­
vels of modern automatic methods. The 
duplex hydraulic feed Baker drill is 
used for drilling 38 holes in the hub 
and flange of the crankcase nose se!=­
tion. When this operation has been 
completed, the drill table carrying the 
part is traversed by power into posi­
tion under the second head where the 
holes are reamed. The one machine cost 
$15,000 less than three radial drills, 
and saves 67,414 production hours a 
day. 

Perhaps one of the most remarkable 
developments of all is in a huge Green­
lee automatic transfer machine which 
drills, reams, counter-sinks and taps 
all the holes in a' Cyclone cylinder 
head at the rate of one part every 50 
seconds. A conveyor at the rear carries 
the completed parts to the final opera­
tions. The manufacture of the Cyclone 
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Flqure 4: Like it more than men 

cylinder head necessitates the per­
formance . ot a large number of com­
paratively short operations but, because 
of the many different angles, . the em-

- ployment of individual jigs and standard 
tools was the . logical procedure. Load­
ing and handling consumed a greater 
amount of time than the actual ma­
chine operations, and this particular 
part, therefore, offered unusual oppor­
tunities for savings through the appli­
cation of continuous automatic equip­
ment. Experimental work with special 
multi-spindle machines demonstrated 
the possibility of retaining the desired 
accuracy. The development of the trans-

PROPELLER TESTIIIG 

Carriea OD iD 
luge LalJoralory 

A GIGANTIC propeller laboratory, in 
which it will be .  possible to test air­
screws up to 30 feet in diameter and' 
air-cooled and liquid-cooled engines of 
more than 5000 horsepower, has just 
been completed by the Propeller Divi­
sion of the Curtiss-Wright Corporation. 
These dimensions and powers are a 
little ahead of the practice of today, 
but they are certain to be attained 
within a very few years. 

There are three characteristics of the 
propeller, in addition to efficiency and 
low or moderate weight, which must be 
determined before it is acceptable­
safety, durability, and serviceability. 
The test cells in the new laboratory 
will give full information about all 
three. 

The cells are 38 feet square, with 
honeycombs and other devices to pro­
vide uniform air flow. As shown in 
one of our photographs, a 48-inch jet 
tube in the upper foreground slides 
forward to cool the air-cooled engines 
in operation. In the upper background 
may be seen the window of the control 
compartment from which all tests are 
directed. The tunnel in which the tests 
;rre made involves a huge Venturi tube, 
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fer machine was responsible for a sav­
ing of 3768 square feet, also of 15 han­
dling operations, 99 men, and 789.7 
production hours a day, plus a saving in 
cost of equipment of $6234. 

In Figure 4 Edna Boehmer, a woman 
evidently at ease in her work, is op­
erating a special horizontal Baker drill 
equipped with manual index and hy­
draulic feed. The 15 holes in the gov­
ernor pad of the nose section are 
drilled, reamed, and counter-sunk, all 
in one set-up. On the basis of the 1000 
monthly engine production, the Baker 
drill saved, as compared with the 
standard radial drill, 12 square feet of 
floor space, two men, and 19.34 produc­
tion hours per man. Cost of the ma­
chine was $1000 more. 

LESSONS FOR ALL-There are many 
lessons to be learned by American in­
dustry, and even by the nation as a 
whole, from this stupendous effort. 

Other industries can profit by the 
experience of Wright Aeronautical. The 
huge micromatics and other tools de­
veloped during the war will serve 
builders of Diesels, of tanks, of steel 
rolling mills, of gear manufacturers, of 
sugar machinery. And even the auto­
mobile industry could learn a . good deal 
from this work. 

All industry can take this lesson to 
heart. When seeking to . increase pro­
duction or reduce costs, the solution is 
not necessarily merely to have more 
rows of machine tools, more hands at 
work. The path may be, rather, toward 
greater skill in the design of the ma­
chine-tool equipment, in multiple-op­
eration tools, in more automaticity. 

which is 31 feet in diameter at its nar­
rowest point. 

Since control of the engine is an es­
sential part of the propeller tests, 
engine and propeller are tested simul:­
taneously, and on the instrument panels 
in the control room all engine and pro­
peller reactions can be charted. 

Aircraft people can perh?ps say with 
pride that they have taught other in-

Counterweiqhts on propeller stubs 
simulate twlslinq moment under test 

dustries the art of large scale industrial 
research, no matter how complex or ex­
pensive. One line of investigation in 
particular has been pushed to the limit 
in aviation-the investigation of vibra­
tion and of structural endurance. Thus 

Lookinq down propeller test celL with 
coolinq tube at the upper lelt 

in one ' test of propeller blade stubs 
counterweights are used to simulate 
the twisting moment ordinarily exerted 
upon the power unit by the electric 
propellers while in actual operation. 
With these counterweights doing their 
utmost, the propellers are subjected to 
well beyond their maximum capacity 
for hours at a time. 

BRITISH COMPETITIOII 

Shoula Serve 10 Slimulale 

AmericaD Avialion 

PARTICULARLY in aviation is there dis­
cussion of what British competition 
after the war will mean to the United 
States. It seems probable that British 
competition will be the best possible 
stimulus to American aviation. Com­
petition from our British friends should 
be welcomed. In the matter . of cargo 
and transport design they are at present 
handicapped because, while United 
States airlines are in full swing and 
carrying goods to the far corners of 
the earth, British airlines-for obvious 
reasons-have mostly suspended opera­
tions. 

Nevertheless, the British are ' not 
asleep and quite recently the Air Sec­
retary, Sir Archibald Sinclair, has an­
nounced that seven types of British air 
transports are now l;>eing considered 
or designed. These include transatlantic 
land planes, one of them of over 100,-
000 pounds with a pressurized cabin. 

Here, perhaps, is a lesson for Ameri­
can aviation. Fying boats are . costlier to 
operate than land planes.; of the same 
size, and their price of daily utilization 
is less. Perhaps airlines of the United 
States should also use land phmes 
across the Atlantic. 

This revival of British interest in 
commercial aircraft should be wel­
comed. Friendly rivalry be�een 
America and Britain should always re­
main friendly rivalry and remarks to 
the contrary may be considered as 
propaganda. 
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ELECTRONICS Conducted by K E I T H  H E N N E Y  

Electronic Controls 
Second-by-Second Measurements 01 Gas Conlenl 01 Air: Conslanl Super­

vision of Rate of Flow 01 Liquid in a Pipeline: and Conlrol 01 a Special­

ized Dislillalion System are Only Three Examples 01 Ihe Possibililies 01 
Eleclronic Conlrol in Everyday Induslrial Operalions 

MANY industries are concerned with 
the problem of controlling liquids 

or gases that are products or by-prod­
ucts of the manufacturing processes. 
Often these materials are inaccessible 
to the usual methods of measurement 
or control because they are confined in 
pipes or containers, are poisonous to 
personnel, or are vulnerable to impuri­
ties or adulteration. For solving such 
difficulties, electronic devices are par­
ticularly well suited since they can 
be adapted to fit the special conditions 
required. 

Elaborate air-conditioning systems, 
special suction hoods, and so on, are 
employed in many manufacturing plants 
to draw off vapors and gases that force 
workers to wear gas masks during cer­
tain operations. In spite of these precau­
tions, it is usually necessary to make 
periodic checks of the air in various 
parts of the plant to determine whether 
the concentrations of the volatile sub­
stance is being held within the safety 
level. 

Most gas analyzers require 15 min­
utes or more to take an air sample, 
and show only the average concentra­
tion of the gas during that period of 
time. With this technique, momentary 
high peaks escape observation. An 
electronic instrument recently devel­
oped at E. I. du Pont de Nemours can 
run continuous samples, . however, and 
give direct and instantaneous readings . .  
This permits accurate second-by-sec­
ond observation of the vapor level in 
each step of a manufacturing process. 

The new electronic gas analyzer, 
called an ultra-violet photometer, is 
based on the phenomenon of light ab­
sorption by gases. Most gases absorb 
light of some particular wavelength, in 
effect casting a shadow where that 
particular wavelength line would other­
wise have fallen. In a spectrum, that 
shadow is known as an absorption line. 
Carbon disulfide, for example, strongly 
absorbs light having a wavelength of 
3132 Angstrom units, in the ultra-violet 
range. 

The instrument is so constructed that 
the air to be analyzed is pumped 

B y  V I N  Z E L U F F  
Assistant Editor, Electronics 

through several small 'chambers which 
filter out dust, oil, and moisture, and 

. thence into a pair of parallel tubes, 
about 31 inches long. The contaminated 
air runs into the first tube and then 
through a canister of activated charcoal" 
which removes carbon disulfide, pass­
ing purified air into the' second tube. 
This permits a continuous comparison 
of the purified with the contaminated 
air and very minute differences may 
be detected. 

Rays of ultra':'violet light from a mer­
cury lamp pass through the two tubes 
and fall upon a sodium photo tube 
mounted at the opposite end of each 
tube. A vacuum-tube amplifier follows 
the phototubes and actuates a micro­
ammeter for readings. 

Filters in the optical system have 
been so selected that about 60 percent 

of the photometric response of the pho­
totube is due to light of 3132 Angstrom 
units in wavelength, the light which 
carbon disulfide absorbs. No other 
atmospheric element has been found 
in plants where this instrument is used 
that absorbs either this band of light 
or the 3650 Angstrom unit band which 
accounts for most of the remainder of 
the phototube's response. One part of 
carbon disulfide in a million parts of 
air will produce an absorption of 0.02 
percent. 

TESTS IN SECONDS-In one test, 61 
readings were made during the nine 
minutes required to open, dump, and 
clean out a large vessel in which ma­
terial was treated with carbon disulfide. 
During most of the operation, the con­
centration of gas remained below 20 

Engineers in the Du Pont plant are shown here using the new electronic gas 
analyzer to check the efficiency of a hood system used to draw off fumes during 
a production process. The intake of the analyzer is held at operator's nose level 
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Above: Block diagram of phototube 
control system for fluid flow. The 
valve is opened or closed. by the 
electric motor which in turn is con­
trolled by the relay and phototubes 

Right: Close-up of the interior of 
the electronic flow control unit. 
Plastic bars transmit light , from the 
la:mp through the panel and through 
the rotameter glass. then back 
through the panel to the phototubes 

Below: The complete electronic flow 
control unit. Note the plastic light­
transmission bars projecting through 
the slots in the face of the peinel 

)arts per million. Here older methods 
)£ analysis, which could give only the 
lverage for this entire time interval, 
1V0uld have shown no danger points. 
:!owever, the ultra-violet photometer 
'evealed that the concentration rose to 
;0 parts per million at one moment 
md to 40 at another_ The ventilating 
!quipment was therefore modified in 
)rder to eliminate these peaks. 

For many years there has been a 
lemand for automatic control to be 
lpplied to the rotameters used to in':' 
/icate the rate of flow of liquid or gas 

E' a pipe line, :So that changes would 
uS

,

e a motor to open or close a valve 
d thereby cOITect the flow rate. 

rooke Engineering Company recently 

Molar 
drIve 

developed a ,  control for ' this type of 
meter for a large refinery that had a 
process in which they wished to main­
tain the flow rate of a fluid to within 
% percent of a predetermined value. 
It was decided to use an electronic 
relay, receiving its signals from pho­
totubes positioned near the rotameter. 
This instrument consists of a vertical, 
transparent, tapered glass tube and a 
float-type metering element inserted 
inside the tube_ The small end of the 
tube is at the bottom, and the float (al­
so called the rotor) is free to move up 
or down along the axis of the tube. 
The position assumed by the float -di­
rectly indicates flow rate. The gas or 
liquid being metered flows from the 
bottom to the top of the tube. The 
forces on the float are in, balance; 
weight of the float minus buoyancy 
equals the area of the top of the float 
times differential pressure. If the flow 
rate increases, the differential across 
the float will increase, and the float 
will rise to a new position to maintain 
a fixed differential pressure across it. 
Rate of flow is thus accurately indi­
cated by the position of the float. 

For the rotameter application, it was 
decided to use two light beams, one 
shining across the top of the float, and 
the other across the bottom of the 
float. Each light beam was applied to 
a phototube, and the outputs of the 
phototube amplifiers were electrically 
balanced against each other to cancel 
out the effects of voltage changes and 
color deviation of the liquid. 

If the float in the rotameter moved 
due to a change in flow, one phototube 
received more light and the other less 
light. This unbalance caused a thyra­
tron tube to operate a motor which 
changed a control valve in the cor­
rel;t direction to restore the float to 
the set value. 

The rotameter is mounted on a 
stand in front of a panel, and the elec­

. tronic relay, with its light source 
common to both beams, and its photo­
tubes, amplifiers, thyratrons, and al-

lied equipment, is mounted behind the 
panel. Lucite or Plexiglas bars are used 
to transmit light to the rotameter and 
to the phototubes. The electronic relay 
is mounted on an elevator assembly 
which ' permits the operator ·to raise or 
lower the entire assembly to change 
the rotameter control setting which de­
termines the flow rate. 

Another feature that may be in­
cluded in the electrical circuit pro­
vides for automatic shut-down if any 
of the fluids in the process cease flow­
ing or go beyond predetermined values, 
or if tubes or light source fail. 

A lock-in circuit is employed to re­
turn the float within the range of the 
light beam if the characteristics of flow 
are such that an occasional surge in 
the fluid will raise or lower the float 
out of the light beam. Essentially, it 
consists of electromagnetic relays which 
are actuated by the photo tube ampli­
fiers just before the float leaves the 
light beam. The lock-in feature dis­
cerns which way the float moved and 
operates the .motor at full speed to re­
turn the float to the light beams where 
the thyratron can come into operation. 
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The light source is a 120-volt bulb 
directed through two pieces of Lucite 
or Plexiglas to form two light beams 
shining across the rotameter. They are 
spaced so that when the float is in bal­
ance, one half of each light beam is 
blocked out and the other half of the 
beam passes through the fluid and 
metering tube to other bars of Lucite, 
and thence to the phototubes. 

Circuit values are so chosen that if 
the float moves at a great distance, 
the motor will run at full speed with­
out interruptions. As ' the float ap­
proaches neutral, the motor begins to 
step (stop and start) at a rate propor­
tiollal to the distance from neutral. 

Thus the motor always has full 
torque, regardless of how close the 
float is to balance. This is important 
for sensitive controls-otherwise, should 
the valve stick, the torque delivered by 
the motor near the neutral point would 
be insufficient to restore the float to the 
original balance point. 

Successful field operation of 64 of 
these units for several months has 
shown that an extremely accurate con­
trol can be applied to devices where it 
is necessary to maintain a movable 
body in a fixed position. 

Electronic control of liquids has an­
other new industrial application, where­
in a system of stills for producing pure 
water is operated automatically, with 
heat being turned on and more water 
added as demanded by laboratory re­
quirements. 

ONE PART IN A MILLION-With some 
of the materials used in the field of 
electronics, such as phosphors, elec­
tron-emitting coatings, and photosen­
sitive surfaces, the presence of one part 
in a million of a given impurity may 
alter some specIfic property by several 
orders of magnitude. Since water is 
used in large quantities for almost all 
chemical manipulations, it is essential 
that a sufficient supply of very pure 
water be available ' for manufacturing 
processes involving these materials. 
Three distillations will serve to produce 
water suitable for most uses. 

In RCA Laboratories, an industrial 
requirement of approximately 10 gal­
lons per day of double-distilled water 
and five gallons per day of triple-dis­
tilled water made it desirable that some 
sort of continuous system be employed 
which would operate with very little 
attention. Here the primary distilla­
tion takes place in a conventional com­
mercial still which feeds its product 
into a large glass-lined storage tank. 
From there the water is fed by gravity 
to the second stage of distillation. The 
second and third' distillations are car­

. ried out in all-Pyrex stills, completely 
protected against airborne dust. 

The problem involved automatic 
control of electric heater current and 
control of the water level in the glass 
boiling flasks. Two platinum probe 
wires were sealed into the system at 
the desired minimum water level, and 
connected to an electronic relay sen­
sitive enough to respond to the ex­
tremely small current that flowed be­
tween the probes through the water. 
When the water level drops below the 
probes, the electronic relay then op-

erates an ordinary electromagnetic 
switch controlling the electric heater 
current for the boiling flasks, and at 
the same time operates an electromag­
netic valve located in the waterfeed 
pipe. 

An electromagnetic valve of the ver­
tical-lift type, utilizing a spherical 
ground-glass joint as seat and plunger, 
proved satisfactory. A soft-iron lami­
nated core is completely sealed in a 
glass tube that extends into the center 
of a surrounding solenoid. Energiza­
tion of the solenoid lifts the plunger, 
permitting water to flow without con­
tamination .by metal at the valve. When 
no current is flowing through the 
solenoid the weight of the core is suf­
ficient to close the valve. 

The electronic relay has been in op­
eration without . a single failure for 
nearly ' one Year. No adjustments be­
yond those made during the original 
installation have been required. 

FLUOIOSCOPY 

Speeds X-lay ExamiDalion 

of Many Prodncls 

IN  THE post-war world, the Govern­
ment will not require x-ray inspection 
of airplane castings, tank welds, armor 
plate, and so on, although there may 
be safe.ty regulations calling for x-ray 
inspection of parts of airplanes used as 
public carriers. 

Many industrial x-ray users who 
started' using the equipment , because 
of government requirements will con­
tinue to use x-rays to improve quality, 
reduce costs, and save labor. One con­
tribution to industrial x-ray expansion 
is the improvement of presently avail­
able types of x-ray machines and the 
creation of new machines and accessory 
devices. Progress thus far has been 
much greater along the - lines of straight 
radiography than fluoroscopy, but 
nevertheless the fluoroscope has been 
used to spot the presence of foreign 
bodies in packaged products. One large 

' manufacturer of chewing tobacco ex-
perienced labor troubles and when the 
strikers left their jobs they tossed nails, 
hairpins, and other articles into the 
pile of unpackaged tobacco. That to­
bacco company now has a fluoroscope 
and 'a girl observes and checks every 
package. 

Fluoroscopic inspection allows instant 
separation of the good from the bad 
-no film, no dark room, no delay, yet 
complete inspection beneath the surface 
of a product. 

FLAW FIKDIIG 

Made Less Expensive by 

Eleclronic Currenl Source 

BOLTS and other parts made of mag­
netic material are being inspected by 
an electromagnetic method at the Buf­
falo plant of Curtiss-Wright Corpora­
tion, using electronic equipment as the 
power source. This method shows up 
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flaws and cracks and can handle part 
sizes ranging from small bolts to rea­
sonably large castings. 

When electric current is passed 
through a magnetic substance, a north 
and south pole are produced at each 
crack in the material. When finely di­
vided iron oxide in solution is poured 
over the material, the o,qde particles 
adhere at the cracks and make them 
readily visible. The importance of such 
electromagnetic inspection operations 

Electronic tubes control flaw-find­
ing current. Transformer at right 
is moved to different positions as 
required by the process operator 

in the production of aircraft has long 
been considered a vital necessity as a 
safety measure. 

This method of inspection required 
a large amount of current from stor­
age batteries. Maintenance costs on 
battery equipment were approximately 
$3000 yearlY. To replace the batteries, 
the electronic equipment shown in the 
photograph provides a source of 
power which is constant, day in and day 
out, at a fixed amperage. By the use 
of thyratron and ignitron tubes a cur­
rent impulse of 40,000 amperes is avail­
able, which provides deeper penetra­
tion and greater concentration of the 
iron-oxide particles. The estimated 
yearly maintenance costs of the elec­
tronic equipment is $50, principally for 
replacement '0£ vacuum tubes. 

LEAKEIS SPOnED 

By X-lays ia Cathode 

Tube Plaal 

BEFORE precious man-hours and mate­
rial have been expended on final as­
sembly, routine x-ray examination with 

. a  Picker 150,000-volt industr�al unit is 
used in one cathode-ray tube plant to 
detect porosity, faulty welds, and other 
internal weaknesses that would affect 
performance of the tubes. When . the 
trouble is found before final assembly 
and sealing of these costly tubes, it can 
often be correc;ted by simple applica­
tion of heat, thereby salvaging many 
essential tubes. The "Ie akers" that 
would allow air to get into the tube 
after evacuation are generally found 
to have flaws at the terminal caps at 
which connecting wires pass directly 
through the glass walls. 
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FUNDAMENTAL SCIEHCE Conduded ,by A L B E R T  G .  I N G A L L S  

Why Engines Knock 

THE CHIEF limiting factor in aviation 
fuel performance today is the 

fami1.iar tendency of most petroleum 
hydrocarbons to knock under increased 
power conditions, . arid thus to threaten 
destruction of the very engines they 
operate. For this reason there is need 
for considerably more full-scale engine 
test data to guide our further improve­
ment of fuel quality . .  The improvement 
may come through better knowledge 
of the anti-knock qualities . of various 
individual hydrocarbons. This in itself 
is a complicated problem because there 
are possibly millions of different hy­
drocarbons present in petroleum. Al­
ternately, the improvement may come 
through better engine design to meet 
knock conditions. In any case, the 
measure of this improvement must be 
made by closer reference to actual test 
data, obtained in representative air­
craft engines. 

Fuel Knocking Can Tbrealen Deslrnclion 10 Engines. Technologists Are 

Faminar With Some of Ibe Answers 10 Ibe Problems Involved. Bul Many 

More Data Are Bequired. New Besearcb wilb a Full-Scale Engine Tesl 

Siand Is Poialing Ibe Way Toward Beller Faels for All Gasoline Engines 

B y  D R .  W .  J .  S W E E NE Y  
Associate -Director, Esso Laboratories, 
Standard 011 Development Company 

To perform its function. the aircraft 
engine must produce the maximum 
amount of power, consume the lowest 

Before looking into the reasons why 
this is so, let us first see what knock­
ing is. In Figure 1, top, is shown a tube 
of fuel-air mixture, ignited at one end 
by a spark plug. The following se­
quence of · events occurs: 

(1). Ignition of the mixture by the 
spark plug. 

(2) Relatively slow burning of the 
. mixture, progressirig away from the 

spark plug. 
(3) Rapid increase in pressure and 

temperature of the unburned portion 
of the mixture ahead of the flame front 

Tallie A 
ACTUAL VS. THEORETICAL ENGINE (7 10 I COMPBESSION BATIO) 

ACTUAL THEO�CAL 

Total heat in fuel, Btu/lb. 

Heat lost to exhaust, Btu 

Heat lolit in cylinder coolinq, Btu 

Total heat lost, Btu 

Usable heat: available to prod. work 

6,500 
6,000 

19,000 19,000 
_ 8,500 

0 

12,500 8,500 
6,500 10,500 

Thermal Efficiency ( Usable heat
) 34% 

Total heat 
55% 

Theoretical pounds of fuel per brake 
horsepower hour (no heat losses) {0.1 34) (0.1 34) 

Actual pounds of fuel per brake horse· 
power hour at stated effICiency 0.394 0.244 

possible amount of fuel, and weigh as 
little as is consistent with the strength 
it must have. to withstand the terrific 
stresses imposed upon it. Unfortunate.,; 
ly, these things are to a considerable 
degree contradictory: for example, the 
power output of the ' engine when op­
erating at its best economy ( on the 
lowest weight, or qua,ntity, of fuel) 
may · be limited by knocking. To ob­
tain maximum power, it is necessary 
to take steps to avoid this knocking. 
This is done by enriching the mixture 
-feeding to the engine a larger pro­
portipn of fuel to air than it theoreti­
cally needs to produce that power. 

until a condition is reached -which 
makes that unburned mixture explode 
violently or detonate (bottom of 
drawing) . 

(4) Pressure waves set up within 
the cylinder, resulting in knock; rapid 
scrubbing of walls by vibrating gas, 
rise in temperature of walls, loss in 
engine power, and eventual destruction 
of parts. 

If fuels did not vary in anti-knock 
quality or tendency to knock, they 
could all be evaluated reasonably by 
one characteristic--the number of heat 
units (Btu) per pound. However, knock 
is a very bad actor. It limits economy 

(range of operation) and it limits 
·power - (performance) . 

Modern aircraft fuels are miracles 
of high anti-knock quality. They have 
permitted engines to be built capable 
of developing power outputs un­
dreamed of only a short · time ago. 
This . great team of engine and fuel 
powers our fighting aircraft today . 
Nevertheless, these engines must still 
employ rich, relatively uneconomical 
mixtures in order to develop maxi­
mum power for take-off, climb, and 
high speed, yet during normal cruising 
operation to function 'on lean, economi­
cal mixtures. 

�HASIS ON AIR-An aircraft engine 
is a device for converting heat energy 
into mechanical energy or useful work. 
Its working fluid-that is, the expand­
ing gases which perform work-is the 
nitrogen from air plus the products 
of combustion. These combustion prod­
ucts are the gases carbon dioxide, 
carbon monoxide, water vapor, and hy­
drogen, in varying proportions depend­
ing on the conditions of burning in the 
cylinders. It is a fact not generally 
appreciated that the power output of 
a gasoline engine is more nearly pro­
portional to the amount of air (or oxy­
gen in the air) burned than to the 
amount of gasoline consumed. This 
should be kept in mind. It is the 
reason why aircraft engines are super­
charged or "boosted" to increase mani­
fold pressure for take-off and for 
operation at high altitudes. 

If the thermal efficiency of an actual 
engine is compared with that of a 
theoretical j!ngine it is found that the 
actual engine is nat\lrally much less 
efficient than the theoretical engine, 
since it has mechanically operated 
valves which require time to open and 
close, thus permitting dilution of the 
fuel charge with exhaust gases, and 
because the mixture will not burn in­
stantaneously after ignition. Moreover, 
it is impossible in an actual engine 
to prevent heat loss from the gas to 
the walls, and the temperature that the 
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Table B 
1 00 percent of Theoretical Fuel (Cruise or maximum economy 

lean mixture, fuel/air redio = 0.067) 
1 CH2 + 1.5 02 � C02 + H20 

Heat evolved = 1 9.000 Btu/lb. fuel 

or 1.270 Btu/lb. air 
1 50 percent of Theoretical Fuel (Take-off or full-power rich mixture, 

fuel/air ratio = 0.10) 
1.5 CH2 + 1 .5 02 � 0.53 C02 + 0.97 H20 + 0.97 CO + 0.53 H2 

Heat evolved = 1 0.900 Btu/lb. fuel 

or 1.090 Btu/lb. air 

metal parts of the engine can stand are 
limited. Therefore heat must be re­
moved in order to keep temperatures 
of cylinders and pistons within safe 
limits. Heat likewise is removed by 
the lubricating oil. All this means 
fins for cooling cylinders and lubricat­
ing oil, which place an added drag on 
the aitplane; special metals to with­
stand high temperatures; engine lubri­
cants to function under these severe 
conditions, and many other problems 
which the designer, the metallurgist, 
and the oil refiner must solve. 

Roughly, the total heat in a pound 
of fuel is divided as shown in Table 
A. This, however, applies only to op­
eration with the theoretically correct 
ratio of fuel to air-typified in practice 
by cruising conditions at low power 

SPARK 
PLUG 

BURNED GAS 

NBURNEO FIA ",",",,,,,r-f,,.......,...,.,...,-'\--"""7"'1 MIXTURE 

FLAME TRAVEL-

CHANGE IN TEMP AND PRE SS. 
OF UNBURNED M I X TURE 

FLAME TRAVEL _ 

ENT IRE COMBUSTION CHAM BER 

VIBRATES VIOLENTLY 

Figure 1: How knocking occurs 

output. For high power output, as at 

increase in air supplied to the engine 
by means of added boost or super­
charging, and added fuel, and this in 
turn permits greater power outputs be­
fore knocking again occurs. 

Although all fuels will knock less in 
rich mixtures than at the theoretically 
correct fuel/air ratio; some are better 
than others in this respect. 

Table C shows what this means in 
terms of power output and fuel con­
sumption in an aircraft engine of 2000 
rated brake horsepower: Here it is 
seen that fuel consumptions at cruise, 
rated continuous, and take-off are 0.40, 
0.525, and 0.67 pounds per B.H.P. hour 
and corresponding thermal efficienCies 
34, 26, and 20 percent. For the increase 
of 600 horsepower to bring the engine 
to rated continuous power, fuel con­
sumption is at the rate of 0.82 pounds 
per B.H.P. houl;, and thermal efficiency 
is reduced to 16 percent. Fuel con­
sumption for the increase from rated 
2000 to 2400 take-off horsepower jumps 
to 1.38 pounds per B.H.P. hour, and 
thermal efficiency for the same range 
drops to 10 percent. Full power, rich-

. mixture operation is expensive. 

POSSIBLE IMPROVEMENTS-This indi­
cates where improvements in fuel qual­
ity can, in the future, help reduce air­
plane operating costs or improve per­
formance. There are a number of ways 
that these benefits might be effected: 

(1) Same cruise quality but better 
rich mixture quality, so that same 
power as at present could be obtained 
with less enrichment. Result: better 
economy. 

(2) Same cruise quality but better 
rich mixture quality, so that greater 
power could be obtained with same 
enrichment as at present. Result: bet-

fter performance. (Such performance 
lhelped win the Battle of Britain.) 

(3) Better cruise quality and same 
rich mixture quality. Result: greater 
range of operation. (This fuel may 
help with the Battle of the Pacific.) 

(4;) Better cruise quality and better 
IricA mixture quality. Result: greater 
:range and better performance. (Such 
:a fuel would be an improvement over 1(,3) and would be even more valuable 
:in the Japanese conflict.) 

Figure 2 shows how knock affects 
,economy or range of operation of an 
:aircraft. The higher the compression 
:ratio-and accordingly the higher the 
temperature-the better will be the 
:resulting economy for a given power 
lOUtpmt. Neglecting mechanical consid­
,eraliions, the tendency of a fuel to 
lklllllJCk limits the compression ratio 
\w.il!lh which it can be used, and hence 

m,r-------r---,--� 
THERt1AL E F F I C I ENCY 

vs THEORETICAL 
0.20 0:: 

COMPRESSION RATIO ,...-- J: " ,'�z 60 -� ... � ....... ... .... - ... i_� q"'t-_-1�-+C7"'=--:...---t-__ + __ --io.25 � 
. ...J _ -... - ACT��L;. 0.30" g 
,q �-�t-----t---+-�*-===----.J ti' 
� __ ---

0.
40 � � 0.50 5 ""'f--+-+---f-----l----I0.60 u 0.80 til fI of--+-+---f-----l----I I 00 � 

O�3-�--+--�--�,O�----dl5 
COMPRESSION RATIO 

Figure 2: Knocking and economy 

Iilme economy or range tliat can be at­
tf;ained. 

Figure 3 presents three schematic 
indicator cards showing the increased 
cylinder pressures, and hence greater 
powers, which are obtainable without 
knocking when richer mixtures are 
used. (For simplicity the power in­
crease that is gained in practice by 
increasing speed has been neglected.) 
Three work areas are shown. These 
roughly represent the three conditions 
listed in Table C. In each case the limit 
of permissible power is due to knock; 
but different fuels will show different 
rates of change in permissible power 
with rate of change in the ratio between 
fuel and air. 

The adjustments necessary to handle 
these changes in fueljair ratio are 
complicated and to relieve the ' pilot 
the carburetor is designed to take care 
of them automatically. There are two 

take-off, an engine designed to give 
maximum fuel economy at cruising 
conditions must run with a rich mix­
ture-a higher ratio fuel to air; for 
otherwise it would knock, overheat, 
and quickly be destroyed. 

Table C 

The simple chemical equations in 
Table B show why rich mixtures pro­
duce less heat, hence less knock. They 
show the relative volumes of gases 
produced and the relative quantities 
of heat evolved when a given volume 
of oxygen in the air combines with or 
burns a hydrocarbon in lean mixture 
and in rich mixture, respectively. 

These considerations show that, with 
rich 'mixtures, the heat evolved per 
pound of fuel or per pound of air is 
reduced. This produces less tempera­
ture rise in the cylinders, and . less 

CRUISE 
Horsepower delivered 1 .400 

Lbs. fuel consumed per hr. 560 

Gallons fuel consumed per hr. 

(assuming 6 lbs. per gallon) 94 

FueIl Air Ratio G.07 

Total heat in fuel. Btu 

(assuming 1 9.000 Btu per lb.) 1 0.600.000 

Heat to produce power. Btu 3.600.000 

Heat lost. Btu (difference) 7.000.000 

Fuel consumption rate. overall 

lb. per B.H.P. hr. 0.40 

Thermal efficiency. overall 34 percent 
Pounds of fuels per B.H.P. hr. (incremental) 

Thermal efficiency (incremental) 

RATED 
CONTINUOUS TAKE·OFF 

2.000 2.400 

1 .050 1.600 

1 7 5  266 

0.085 0.10 

20.000.000 30.400.000 

5.1 00.000 6.100.000 

14.900.000 24.300.000 

0.525 0.67 

26 percent 20 percent 
.82 1.38 

1 6  percent 10 percent 
tendency to knock. This permits an ' '-________________________________ -' 
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settings, "automatic lean" and "auto­
matic rich," determined by experience, 
and the pilot has the choice of either 
to obtain economy or power as re­
quired. With these settings the car­
buretor automatically supplies enough 
fuel, based on the quantity of air 
passing through its throat, to prevent 
knock under any normal conditions 
when running on the proper fuel. In 
certain large long-range aircraft, how­
ever, the flight engineer may over-ride 
the controls manually and approach 
incipient knock as closely as he dares, 
in order to obtain maximum economy 
and hence greatest range. 

A comparison of fuel quality on a 
lean-mixture performance and a rich­
mixture performance basis is admitted­
ly an over-simplification of the knOck 
problem because other variables enter 
into the picture-:-such as compression 
ratio, spark advance, cylinder cooling, 
mixture temperature, speed, hot spots, 
and so on. Nevertheless, the wide dif­
ferences in fuel quality under different 
operating conditions can readily be 
shown by such a comparison. 

There are millions of possible hydro­
carbons and the number present in 
petroleum is probably in the hundreds 
of thousands. Within the gasoline boil­
ing range alone the number possible 
is around 5000. Of these, however, only 
a few dozen are known to be of superior 
anti-knock quality. Table D gives a 
comparison of relative knock quality 
of some of these hydrocarbons with 
pre-war commercial fuels (the com­
pletely arbitrary scale used is not to be 
confused with octane number) . 
. These ratings are ' not necessarily 
true quality measurements, but do 
serVe to indicate the wide variations 
in fuel performance that can ,be ob­
tained by varying engine operating 
conditions. The great differences in 
the lean mixture and rich mixture 
ratings of . some of these fuels show 
that it is extremely important that the 
tests used to evaluate the fuels deter­
mine their quality in actual flight. 

TWO INTERESTING THINGS-The data 
in Table D show two things which are 
of particular interest: 

(1) Existence of hydrocarbons that, 
with both lean and rich mixtures, ex-

ceed old-style 100 octane gasoline in 
anti-knock quality. 

(2) The extremely great rate of 
change in anti-knock quality, in many 
cases, between lean mixture and rich 
mixture. Should the latter degree of 
severity more nearly represent average 
flight performance than the former, 
the actual relative performance would 
in some cases be the opposite from that 
derived from data based on lean mix-
ture ratings. . 

Assuming that between ' the two ex­
tremes lie the actual knocking condi­
tions experienced in flight, it is obvi­
ously important to ' know just where 
incipient knock is reached under dif­
ferent flight conditions and in different 
engines. 

o 2 :5  4 Ii 8 , 7  
COMBUSTION CHAMBER VOLUME 

Fiqure 3: Blchn�s and power 

To redesign engines and aircraft to 
take full advantage of fuel improve­
ments is no easy task. One phase of the 
job is to prove by adequate full-scale 
engine tests that the fuel has the added 
quality, to what extent and under 
what conditions of operation. Another 
is to determine what changes in super­
chargers, carburetors, ignition systems, 
coolers, and so on, must be made to get 
the most froin the new fuel-new engine 
combination. The fuel and the engine 
are, in a sense, like the hen and egg­
which comes first? 

The engine manufacturer cannot 

Tule D 
COMPARISOR IR ARTI·KROCK QUALITY OF PUBE HYDROCARBORS ARB 

PBE·WAR COMMERCIAL FUELS 
(AU wilh same lead coDleDI ex,cepl where indicaled) 

HYDROCABBON LEAN MIXTURE RICH MIXTURE DIFFERENCE 
A 77 100 +23 

B 70 93 . +2 3  

C 57 99 +42 

D 54 76 +22 

E 47 49 + 2 

"100 Octane" ( 1 938) 42 52 + 1 0 

F 42 46 + 4  

G 42 40 -2 

H 3 1  34 + 3 

"91 Octane" ( 1 938) 28 37 + 9 

I 2 1  1 9  -2 

J 2 1  1 5  � 
'K 1 4  1 4  0 

"73 Octane" ( 1 938) (no lead) 2 9 + 7 

build his engine in production quanti­
ties until the fuel it needs is commer­
cially available. The refiner cannot , 
build the equipment for making the 
fuel without knowing what its com­
position must be to meet the needs 
of the engine. The fuel designer in his 
laboratories must arrive at this com­
position on the basis of practical tests. 
To meet this need-the very foundation 
of fuel and engine improvement­
Standard Oil Development Company 
has built a half-million-dollar full-scale 
multicylinder engine test stand. 

It is quite impossible to do all fuel 
test work on engines in flight, for sev­
eral good reasons. For example, flight 
conditions of air temperature to car­
buretor and air temperature to cooling 
fins cannot Be reproduced from day to 
day. Also, it is desirable in rating fuels 
to approach knocking conditions-­
thereby occasionally developing true 
knock, a most dangerous condition in 
flight. While a good bit of flight data 
is absolutely necessary, it is generally 
desirable . to obtain the background 
data on full-scale laboratory engines 
and then to check special points by 
flight tests. It is for such evaluations 
of presently available commercial 
blending agents and of- promising ex­
perimental products that the new full­
scale test stand has been built. 

By present standards, petroleum as 
found in nature provides very poor 
aviation fuels. Broken down and syn­
thesized, however, it gives exceedingly 
good fuels. As it will be produced in 
the future. petroleum gives promise 
of even greater improvements in anti­
knock quality. Even now-in the midst 
of war-much can be done to improve 
fuel quality by selection of available 
product and modification of existing 
plants. Such improvements are the 
immediate aim of all of us operating 
the test stand; so that, no matter how 
long the war, the Armed Forces will 
have available the best possible fuels 
compatible with the huge amounts re- ' 
quired. 

WOOD Of PLARES 

Used Because .f 

. lIs Adaplahilil, 

M ORE than 16 types of wood go into the 
building of the giant Douglas C-54. 
The woods used range from feather­
weight rattan to heavy mahogany. Chi­
nese rattan, because of its lightness 
and flexibility, is used in beading up­
holstery. Paratroop benches are made 
from New England ash. Other woods go 
into assembly jigs, hand-form blocks, 
trim jigs, check jigs, and pattern work. 
B�sa is used as a filler in partitions and 
floor boards. 

According to A. O. Schroeder, veteran 
Douglas woodcraft expert, about 30 
percent more wood is used today in air­
craft than just a year ago, largely be­
cause of metal shortage. "A woodshop 
will always be essential for the fabri­
cation of planes." comments Schroeder. 
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PHOTO COURTESY CHAS. PPIZBR & CO., INC. 

• • • helped make a miracle come true ' 
The miracle is the mass production of penicillin-the sen­
sational new healing agent that is saving thou�ands of 
our fighting men from certain death due to deadly 
infection. 

notatum mold from air-borne contamination that would 
destroy the curative powers of penicillin. 

Two short years ago, penicillin was a laboratory curi­
osity. Today, it is being produced in ample quantities to 
meet our needs on every battlefront. 

Thus the Sterilamp-perfected in the Westinghouse 
Research Laboratories-has scored ano ther notable vic­
tory over the invisible enemies of mankind. 

The Westinghouse Sterilamp *-a slender electronic 
tube that deals sudden death to air-borne bacteria­
played a vital part in this miracle of production. 

Westinghouse Sterilamps also stand guard against 
contamination in bakeries; breweries, wineries, canneries, 
restaurants, chicken hatcheries, laboratories-wherever 
air-borne bacteria must be killed or controlled. 

For Sterilamps are standard equipment in leading bio­
logical laboratories-protecting the precious Penicillium 

Westinghouse ·· Electric & Manufacturing Company, 
Pittsburgh 30, Pennsylvania. 
*Trademark Reg. U. S • .  Pat. Oft'. 

���!!1g�2l!R§� 
TUNE IN: John Charles Thomas, $unday 2:30, EWT, NBC. Ted Malone, Monday, Wednesday, Friday 10: 1 5  pm, EWT, Blue Network. 

U S I N G  A L I T TL E  L I � U I D  A I R  and 
some warm water, Westinghouse engi­
neers now "manufacture" pocket-sized 
clouds and snowstorms that would fit into 
your hat, to help the Westinghouse Re­
search Laboratories speed development of 
more powerful electrical systems for 
American warplanes. In a glass flask not 
much bigger than a milk bottle, artificial 
clouds and snowflakes are used to test the 
effectiveness of electrical insulation under 
conditions encountered by real airplanes 
at altitudes up to 12 miles. 

MIGHTY MIDGET . . . To save precious 
.pounds for extra fuel and ammunition, 
Westinghouse engineers have developed a 
35 kilowatt transformer, for alternating 
current aircraft systems, which weighs 
only 25 pounds-less than 1/25th the 
weight of conventional transformers of 

similar rating. The secret of this weight­
reduction is 400 cycle frequency, forc�d 
air cooling and the use of new, thin-gauge 
Hipersil steel in transformer core. 
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MIRROR 

"" R ROR CfS� 
DON E W I T H  M I R RORS • • . To find 
out just what happens inside a steam tur­
bine, Westinghouse research engineers 
worked out an ingenious system of mir­
rors-by which they actually photograph 
minute vibrations in turbine blades whirl­
ing at the terrific speed of 350 miles per 
hour. Result:  important improvements in 
turbine blade design and greater insur­
ance against turbine failure. 
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IN OTHER FIELDS Conducted by The Staff 

Glass In Texliles 
Problems 01 Filamenl Formalion and Lubricalion Have Been Solved, and 

Exlensive Experimenlal Work is Going Forward on Combinalions 01 Glass 

and Olher Fibers. Coaled Glass Fabrics Open Enlirely New Fields 01 
Applicalion, 

,
as Do Also Glass-Plaslics Combinalions in Laminale Form 

B y  W I L L I A M  H .  P A G E  

NON -FLAMMABILITY and resistance to 
the effects of high temperatures 

are rare properties in textiles. It was 
partly due to the need for a textile 
possessing these properties that glass 
technicians, more than half a century 
ago, began to devote serious attention 
to the attempt to produce glass fibers 

I sufficiently pliable to be woven into 
fabrics. 

As early as 1893, Edward D. Libbey, 
of the Libbey Glass Company, suc­
ce€ded in drawing relatively coarse 
fibers from the heated ends of glass 
rods. Using the glass fibers as the warp 
and .silk threads as the fill, lampshades 
were made which were shown at the 
Columbian Exposition in Chicago. There 
a celebrated actress saw them and ar­
ranged to have a dress made of the 
same material. Great crowds flocked 
to see her in her glass dr,ess. Many 
went away disappointed, for they had 
come believing the dress would be 
transparent. 

This was not the only disappointment. 
Because of the presence of the silk, 
the fabric was not fire-proof, and it was 
too stiff to be creased or folded. A 
fabric could not be woven with the 
glass fibers alone. The result of Mr. 
Libbey's experiment was spectacular, 
and it attracted a great deal of atten­
tion, but it proved to be of no practical 
value. 

The degree of pliability of glass is 
governed by the relation between its 
diameter and its length. This is also 
true of steel and many other materials. 

I Steel is rigid in a thick, short piece, 
but heat it and draw it out into a fine 
wire and it becomes extremely flexible. 
The same holds for glass, but if glass is 
to be truly pliable, diameter must be 
much smaller, in relation to length, 
than is required in the case of steel. 

just as a diamond will cut a diamond. 
A third factor is expansion of surface 

area. It is generally assumed that, aside 
from breakage, glass is practically in­
destructible. But some glasses are more 
resistant to surface attacks than others, 
and the greater the surface area, the 
greater is the opportunity for these 
attacks to occur. When a mass of glass 
is drawn into fine fibers its surface area 
is increased immensely. The glass fibers 
must be provided with resistance to 
weathering, chemical action, and other 
influences to which they may be ex­
posed. 

Years of research and the expendi­
tures of many millions of dollars were 
required to develop methods for pro­
ducing glass fibers which would meet 
these and other requirements. When, in 
1936, what is now Owens-Corning 
Fiberglas Corporation finally succeedea 
in producing serviceable all-glass fab­
rics, the methods employed differed 
radically from the crude process used 

by Mr. Libbey in his work in 1893. 
These 1936 methods, with improve­

ments which have made it possible to 
produce steadily finer, stronger, and 
more pliable glass fibers, are basically 
the same as those now employed to 
produce all Fiberglas textiles. The raw 
materials of the glass batch are mixed 
in accordance with formulas which 
give the fibers high resistance to sur­
face attacks. Special lubricants, sprayed 
on the fibers as they are formed, mini­
mize abrasion. 

HOW FIBERS ARE FORMED-The fibers 
are formed either by high-speed draw­
ing, for continuous ffiaments, or the 
yanking action of high-pressure steam, 
for staple fibers. Continuous ffiament 
textile fibers are produced by gather­
ing together 100 or more ffiaments of 
glass as they emerge from as many 
tiny holes in the base of a melting 
chamber, and winding the strand on a 
winder revolving at high speed. Be­
cause the winder revolves much more 
rapidly than the ffiaments flow from 
the melting chamber, the ffiaments are 
attenuated to a fraction of the diameter 
of the holes through which they emerge. 

Staple textile fibers are . formed by 
the action of jets of high-pressure 
steam as they strike thin streams of 
glass emerging from holes in the melt­
ing chamber. The steam literally yanks 

Another factor that has to be taken 
into consideration in attempting to 
weave a glass fabric is that all fibers 
tend to abrade each other when they 
are twisted into yarns. Fibers such as 
wool, cotton, silk, or linen, contain a 
natural lubricant which minimizes 
abrasion. But glass contains no such 
lubricant, and glass tends to cut glass, Warp yams of glass being paralleled preparatory to weaving into fabric 
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Your Coming New Zenith will be 
the Worldi Finest Radio because 

All Zenillls Engineering Power is CDneenln:lletl on 

"RADIO les 

• 

LY" 
THE VAST new science of RADIONICS is a jealous 

wife. She demands undivided devotion from him 
who would share her secrets and master their appli­
cation. Many of these secrets are still so sensational 
that they cannot even . be made public ! 

It is only natural that you can expect the world's 
foremost radio · values in the coming new Zenith 
Radionic models. For Zenith does not divide its engi­
neering and manufacturing power among unrelated 
fields like refrigerators, washing machines, electric 
irons, cooking ranges and vacuum cleaners. Zenith 
has no intention of competing with lifelong special­
ists in those fields. 

RADIONICS demands a degree of imagination in 
engineering and precision manufacture unknown in 
other mass production fields. That's why every Zenith 
worker has always been. always will be, a highly 
trained specialist in " RADIONICS EXCLUSIVELY." 

BEFORE the war, this policy made Zenith one of the 
largest radio manufacturers in the world • • •  with an 
unrivaled record of top performance in millions of 
sets, at lower service expense . to owners than any 
other make ! 

In the war, "RADIONICS EXCLUSIVELY" has made 
Zenith Radionic military equipment famous in every 
branch of our armed forces ! This has meant a wider, 
more intensive development by Zenith in High Fre­
quency, the basis for all FM, Television and Short 
Wave advancements. It is a matter of record that years 
ago short wave communicatio� was introduced into 
the U. S. Navy by Zenith ! 

No wonder Zenith - and only Zenith - is able to 
launch a RADIONIC REVOLUTION ! 

YES, your coming new Zenith Radionic Radios, Global 
Portables and Radio-Phonographs will bring miracu­
lous tone of such clarity, brilliance and beauty as 

. you've never · heard before ! They will combine ad­
vanced engineering, precision quality and low cost as 
never combined before ! 

The ZENITH RADIONIC REVOLUTION is on the way ! 
Watch for it!  Don't risk your radio dollars-put them 
on a name you know will be a proven winner, Keep your 
eye on Zenith for the best in radio, and see Zenith first! 

ZENITH RADIO CORPORATION, Chicago 39, Ill. 
All Production Now for war or Rehabilitation 

C O PY R I G H T  1 9 4 4 ,  Z E N I T H  R A D I O  C O R  
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will not burn is their 
outstanding advantage 
when used for draperies, 
tablecloths, or bed­
spreads. Resistance of­
rered by the fabrics to 
heat and acids . (except 
hydrofluoric acid) makes 
it possible to use them 
for filtering hot, con­
centrated acid solutions. 

When Flberqlas is to be used as a reinforcement 
for plasticl$. the cloth must first be heat·treated to 
provide the required adhesion between the qlass 
and plastics. Here a strip of . the qlass fabric is 
shown emerqinq from the heat·treatment hot-air tower 

Since the attack upon 
Pearl Harbor, practically 
the entire output of 
Fiberglas fabrics has 
been devoted to war 
uses. The fabrics are 
used as electrical insu­
lation in equipment for 
ships, planes, and other 
machines of war, or pro­
duction for war. One of 
the smallest

' 
but most 

vital motors in a plane 
is the pitch-change mo­
tor which changes the 
pitch of propellers that 
have gone dead, so that 
the blades are turned 
edgeWise to the wind. 
These motors are insu­
lated with Fiberglas. 

Glass fabrics are em­
ployed in numerous 
other war applications 
where non-flammabil­
ity and resistance to 

the glass into fibers varying in length 
from 8 to 15 inches. The fibers are 
driven down onto a revolving drum on 
which they form a veil resembling a 
cobweb. The gossamer web of fibers is 
�ound on a tube in the form of a soft 
,trand. 

Continuous filament and staple fibers 
ire twisted, plied, and woven on stand­
ird textile machinery adapted to han­
:lling glass textiles. The fineness and 
,trength of the glass textile fibers are �1most incredible. Fibers with a di­
met

. 
er of 23 one-'hundred-thousandths 

f an inch have a tensile strength of 
nore than 250,000 . pounds per square 
nch. Experimental fibers have been 
)roduced with a diameter of two one-�: undred-thousandths of an in

. 

ch and 
ith a tensile strength exceeding 

,000,000 pounds per square inch. 

VAR·TIME USES-When impregnated 
vith suitable varnishes, Fiberglas 
abrics offer high resistance to the flow 
,f electric current. The varnish-im­
Iregnated glass fabrics occupy little 
pace, and are resistant to high tem­
leratures. For these reasons, tapes, 
Iraids, and cloths made of these 
abrics were already in wide use as 
lectrical insulation ' before the war. 
lecause the size and weight of an elec­
rical unit required to do a given job 
, largely determined by the heat the �SUlatiOn will bear, use of glass in­

. . 
lation has enabled design engineers 

reduce the size and weight of mo­
Irs, transformers, and other electro­
lagnetic machines. 

high temperatures are required. A 
spectacular war application has been 
their use as glare shields for the mag­
nesiUm par;:tchute flares ' of about 1,000,-
000 candle-power which are employed 
by the Army Air Forces to illuminate 
the objective of a bombing attack. 
Fiberglas tapes and cloths are used to 
wrap insulated piping on Navy ships 
and exhaust pipes on planes. Curtains 
of glass fabric have replaced certain 
doors on both Navy and merchant 
ships. 

War requirements have been largely 
responsible for a number of develop-

ments that forecast new or broader 
peace-time uses of glass textiles. The 
needs of the armed forces have led to 
the development of Fiberglas fabrics 
coated with synthetic rubbers and 
resins. These coated fabrics have great 
tear strength, withstand repeated flex­
ing, and have ' high dimensional stabil­
ity-that is, high resistance to stretch 
or shrinkage. Other properties vary 
with the coating employed, but rubber­
coated glass fabrics are being produced 
which are flame-proof and have high 
resistance to moisture penetration, de­
cay, and the effects of .contact with 
gasoline, oil, chemicals and greases. ' 

High tear strength and dimensional 
stability, or resistance to heat, chemi­
cals, or oils, are responsible for most 
of the present uses of the coated glass 
fabrics. These present uses include air­
craft battery covers, oil pressure switch 
diaphragms, aircraft tape for expansion 
j oints of hot air ducts, protective cloth­
ing for workers in chemical plants, and 
targets for aUning aircraft gun and 
bomb-bay sights. Possible future uses 
include tarpaulins and other water-proof 
covers for machinery, water-proof con­
tainers for delicate instruments, and 
carbureto� diaphragms. Another possi­
bility is an awning that will not burn 
if a lighted cigarette is tossed upon it 
from an upper-story window. 

FIBER COMBINATIONS-Glass and as­
bestos fibers, and glass and asbestos 
yarns, have been combined to form 
new glassiasbestos textiles for other 
specialized applications requiring re­
sistance to high temperatures, together 
with high strength, light weight, and re­
sistance to the effects of repeated flex­
ing. The high strength of the textile is 
primarily due to the glass, while the 

, asbestos enables the textile to withstand 
more flexing than can an all-glass tex-
tile. . 

A start toward combining glass 
fibers with fibers such as rayon, silk, 
and cotton was made before Pearl 
Harbor. Glass fibers were combined 

Other pre-war applications of Fiber­
las fabrics were as widely divergent 
s their use as decorative fabrics and 
s illter cloths for the processing of 
rremicals. The fact tha� glass fabrics Bobbins of qlass yarn. ready for wearinq 
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S E N S AT I O N A L  W A R  B A R G A I N S  
LENSES & PRISMS • 

(,III; 
Al l  I tems Finely Ground and Polished but Edges Slightly Chipped or Other Slight I m perfections 

which We Gua rantee Will Not I nterfere with the ir Use. All Lenses neatly packed a nd marked for 

Diameter and Foca l Length. 

OUR POLICY 1.  W e  are cooperating t o  mo�e surpluses while the war -is OD. 
2. Out customers receive full benefits of all savings effected through our 

purchase. of war supplies. We do not hold merchandise for high future 
prices. on WAR SURPLUS 3 .  W e  are making a n  effort t o  bring OUr items t o  the attention o f  all Schools, 
Colleges, Amateurs. 

TANK PRI S M S -
In order that the tank driver shall not get shot in the face, two 
of theSe! Silvered Prisms are used to make a periscope ( without 
magnification> • .  We · have secured a number of these that are 
very slightly chipped, making possible their sale at a very low 
price. They are 90-45-45 degree prisms of huge size - 5 0/4 "  
long, 2 Va " wide, fin&Iy ground and polished. 

WAR SURPLUS ACHROMATIC LENSES 

Dia. in Focal 
Stock No. Mm •. Length Comment. PrIce 
60 16-S * 1 2  80 mm. Uncemented 30;. 
601 7-S * 1 2  8 0  mm. C&mented 50;. 
60 18-S  � 1 5  4 1  mm. Uncemented 40¢ 
6019-S * 1 5  4 1  mm. Cemented 60;. 
6022-S *25 95 mm. Uncemented 50;. 
6024-S *25 I I  inches Uncemented 60;. 
6025-S *25 I I  inches Cemented 75;. 

6028-S *30 64 mm; U ncemented 70;. 
6029-S *35 60 mm. Uncemented 70¢ 
6030-S *36 171 mm. Uncemented 70;. 
6032-S *36 1 78 mm. Uncemented 70¢ 
6033-S *37 5 1  mm. Uncemented 70;. 
6034-S *38 1 78 mm. U ncemented 70¢ 

6037-S *41 57 mm. U ncemented 70¢ 

Free Cement and Directions included with all uncemented · sets. 

*-Available with magnesium fI'-l"loride low reflection coating. 
Coated lenses will be priced at 10¢ more than the prices shown 
above. If you want coated lenses, mark ttcoated" after stock number 
and include 10j! extra. 

REDU C I NG LENS SET # 1 004-S . . . . . . . . . .  $ 1 .20 Postpaid 
Contains a 2 Y2" diameter and 1 3,4 "  diameter reducing lens of 
different powers. 

70- PAGE ILLUSTRATED I D EA BOOKLET . . . .  $ 1 .00 Postpaid 
De.scribes wide variety of uses for our lenses and contains much 
information especially designed for beginners in optics. 

SCHOOLS Be COLLEGES - Get on our mailing list. Keep 
regularly posted about our Optical Bargains. Send name, address to 
our Educational Dept. 

M I N IMUM ORDER $1.00 • 

You can use the$e Prisms to make Periscopes to see over the 
heads of crowds, fish under water, high or low gauge,s, inspec­
tion of machinery without climbing, for examination of hot 
metals without danger to eye or camera, etc. Also excellent for 
experiments, class-room demonstrations at high schools, col­
leges, camera clubs, astronomy clubs. Some of our ingenious 
c'ustomers have used these Prisms to make camera stereo 
attachment, photometer cube, range finder, etc. And here.'s an 
excellent, unique gift idea. For 5; we supply 1 00 gold letters 
with which you can turn one of these, Silvered Prisms into a 
desk name plate, in 5 minutes of easy work. -

Normally, these Prisms would retail from about $24 .to $30 
each. 
Stock #3004-S • • •  SILVERED TANK PRISM - Price, $2.00 
each Postpaid. Free Booklet on Prisms incl. 
Stock #3005·S • • •  PLAIN TANK PRISM - Price $2.00 each 
Postpaid. This one is excellent for projecting all the colors of 
the spectrum - a beautiful sight. Free Booklet on Prisms incl. 
FOOR TANK PRISMS - Special - $7.00 Postpaid . • .  This 
is the most sensational bargain w� have ever been able to offer. 

WAR BARGA I N S  I N  LENSES USED I N  NAVY'S 
7 POWE R B I N OCU LARS 

KELLNER EYE·PIECE LENSES with P.L of 27.5 mms. Comes 
uncemented with free cement and easy directions. Edged Pield 
Lens has diameter of 26 mms. and edged Eye Achromat a 
diatneter of 17 mms. Unedged Lenses about 2 mms. larger than 
edged ones. These are excellent for all sorts of telescopes. 
Stock #6060-S - Uncemented and Unedged - 75 ¢ Postpaid 
Stock #6061:S - Uncemented but Edged - $ 1 .25 Postpaid 
ACHROMATIC OBJECTIVE LENSES with F.L. of 193 
mms. Have wider diameter than those used Army's 7 power 
binocular. Excellent for telescopes. Diameter of edged lenses 
are about 52 mlns. Unedged about 53 to 56 mms. 
Stock #6063..s - Unedged and Uncemented - Price 75 ; 
Stock #6064-S - Edged and Uncemented - Price $ 1 .75 
LOW POWER MICROSCOPE LENS SET - ( May also be 
used to make Tele8co� Eye-Piece) Perfect Lenses, one with 
diameter of 9 mms., P.L. of 20 mms., and one with diameter 
of 14 mm •• and P.L. of 39 mms. 
Stock #1003·S - Price 70; - includes free copy of our 
Microscope Booklet. 

P�RRO A B B E  PRISMS #3006-S . . . . . 25;. each Postpa id SlZe 9 ....... by 17 nun. • • • another war bargain. Normal prices 
would be 10 to 20 time. above quotation. 
LENS SET 1 20-5 "The  Experimenter's Dream" 60 lenses 
with 70-page i l lustrated booklet "FU N  WITH CH I PP E D  
E D G E  LENSES" - $ 10.00 Postpaid: 
The variety

, 
of leases in this set: will enable you to conduct countless 

experiments and build many optical gadgets. 

FOR C H R I STMAS 
Our Lenses nnd Prism. make SPLENDID XMAS GIFTS for 
the scientific-mi'nded person or hobbyist. 

SATIS FACTION GUARANTEED 

'-EDMOND SALVAGE COMPANY-
27 W. CLINTON AVE�UE D EPT. 7,  P.  O. AUDUBO·N, N. J. 
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with silk and rayon fibers, for ex­
ample, to form a necktie fabric. The 
war halted development of such com­
binations for. non-essential civilian uses 
but, as war demands permit, further 
developmental work along this line 
is certain to be resumed. 

Because glass fibers are strong and 
will not shrink or stretch, they can be 
employed in conjunction with other 
fibers to form decorative fabrics-and 
fabrics used for wearing-apparel ac­
cessories such as ties and scarves­
which will hold their shape regardless 
of humidity conditions and the service 
strains and stresses to which they may 
be subjected. In neckties, the glass 
fibers help the fabric withstand the ef­
fects of repeated creasing. 

Production of all-glass decorative 
fabrics-also halted by the war-will b'e 
resumed as rapidly as the war situation 
permits. Already limited quantities of 
Fiberglas yarns have been released for 
weaving decorative fabrics to be in­
stalled in places of public assembly 
such as schools, theaters, hotels, and 
restaurants, where the use of fire-proof 
fabrics can eliminate a serious fire 
hazard. Newly developed methods of 
dyeing and printing glass fabrics now 
make it possible to provide them in a 
wide variety of colors, shades, and 
printed designs. 

The danger of mass panic due to fire 
is not as great in the home as it is in 
places, of public assembly. The feature 
of fire-safety, therefore, is of lesser im­
portance in the home--except, perhaps, 
in: the case of tablecloths and other 
table coverings which are always in 
danger from a carelessly placed cigar­
ette. But Fiberglas decorative fabrics 
-particularly in the form of draperies 
-possess other decided advantages for 
home use. 

LONG·LIVED DRAPERIES-The above is 
especially true of seashore homes, 
where salt air, strong sunlight, and 
humidity play havoc with some , of the 
older drapery materials. Fiberglas 
fabrics will not rot or disintegrate 
under the severest climatic conditions, 
nor will they stretch or sag under 
changes in humidity. Their colors are 
fast to sunlight and cleaning. Moths 
cannot eat them. 

Need of the Army Air Forces for a 
high-strength, light-weight, easily 
fabricated material for load-bearing 
parts of planes has resulted in the de­
velopment of a new structural material 
consisting of a combination of a plastic 
resin and glass textile fibers. The out­
standing characteristic of the material 
is that it provides hitherto unattain­
able strength in proportion to its weight, 
and at the same time permits quick, 
low-cost fabrication. 

The plastic used in the combination 
may be any one of a number of resins 
that can be molded under low pres­
sures ann curen at lOW temperaturES. 
The glass fibers are employed as re­
inforcement, usually in the form of 
cloths woven of the fibers. Extremely 
fine fibers, with lengths measurable in 
millimeters, may also be dispersed in 
the resin to provide still greater 
strengths. 

Layers of glass cloth are impregnated 
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with the resin and placed, one on top 
of another, until a laminate of ,the de­
sired thickness is built up. The lami­
nate is then draped over the mold or 
shaped in it. The mold, with the lami­
nate formed to the desired shape, are 
placed in an oven where the laminate 
is cured. Plastic-glass laminates have 
shown tensile strengths of from 50,000 
to 80,000 pounds per ' square inch, 
compression strengths of over 50,000 
pounds per square ' inch, and impact 
strengths of over 30 foot-pounds, as 
compared with two foot-pounds for 
ordinary plastics. 

A basic objective in aircraft con­
struction is reduction in weight. Weight 
affects rate of climb, maneuverability, 
cruising range, fuel consumption, and 
the amount of live or pay load the 
plane can carry. All these are impor­
tant in varying degrees in both mili­
tary and civilian planes. Every ' part 
of the plane, therefore, must be de­
signed for minimum weight while sup­
plying the required strength. 

POST·WAR POTENTIALS-For every 
pound of increase in the weight of the 
plane there is a decrease of a pound 
in pay load. In passenger and cargo 
planes, taking the life of the plane into 
consideration, it has been estimated 
that every pound of weight saved means 
a saving of from $100 to $500. Using the 
lower figure, if only 1 percent of the 
dead weight of a 45,000-pound gross 
weight cargo plane can be transferred 
from empty weight to pay load, the 
saving during the life of the plane 
will be $45,000. 

"Make it lighter and make it stronger" 
is an axiom of the airplane designer. 
Because glass-reinforced plastics pro­
vide extremely high strength in pro­
portion to weight, they should be able 
to contribute materially to the reduc­
tion of dead weight, which is the goal 
of the aviation industry and upon the 
attainment of which may depend the 

' ability of the plane to compete with 
other forms of transportation as a 
large-scale carrier of passengers and 
freight. 

Aircraft provide the most spectacular 
application of Fiberglas-plastic com­
binations, but designers and engineers 
are already experimenting with the 
material for many other post-war 
civilian uses. These include strong, 
light-weight luggage, boats and canoes, 
furniture, kitchen and bathroom as­
semblies, refrigerators and radio cabi­
'nets, and dozens of additional products 
where attainment of light-weight com­
bined with high strength and ease of 
fabrication is the goal. 

TWO-MILLIOIf-YOLT X-RAY 

Precision Tuhe Greally 

Reduces Exposure Time 

DEVELOPMENT of a preC1SlOn x-ray 
tube that operates at two million volts 
makes it practical for the first time to 
inspect by x-rays exceedingly thick 
sections of metal, reducing the ex­
posure time in a particular instance 

from a week with a million volts to 
less than an hour with two million. 
Physicians will likewise welcome the 
new tube as a more effective tool for 
research in cancer therapy. 

This, new precision tube brings to the 
field of x-ray radiography the same 
sort of improvemept in definition that 
the electron microscope, compared 

Mr. R. R. Machlett with the new 
precision , hiqh.voltaqe x·ray tube 
developed in Machlett Laboratories 

with the standard microscope, brought 
to the field of optics. 

In many ways the two-million-volt 
tube, made by Machlett , Laboratories, 
Inc., represents a radical departure 
from the previous art. It is completely 
sealed off, like an ordinary radio tube, 
and so the high vacuum within it does 
not have to be maintained by pumping. 
It is compact, and can operate at a 
constant potential with unvarying re­
liability of results. 

Development of the tube was under­
taken by the Machlett Laboratories for 
the High Voltage Laboratory of the 
Massachusetts Institute of Technolqgy. 
The fundamental requirements were so 
severe that it became evident that the 
tube would have to be designed and 
constructed so as to achieve extremely 
fine focusing of the high-speed, two­
million-volt electron beam. This neces­
sitated not only a much improved elec­
tron source but, in addition and of 
greatest importance, a means of ac­
celerating the electrons which, con­
sidering the high electron-velocities 
involved, would provide a constant 
rate of acceleration over the entire 
cathode-to-target distance, at the same 
time reducing to an absolute minimum 
the dispersion of the 'beam during its 
travel. 

To accomplish this, the tube was de­
signed to include some 180 sections, in 
order to provide uniform accelerating 
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steps of 12,000 volts each. The mechani­
cal problems involved in the design 
and construction of such a column of 
alternating glass and metal rings, tight 
to the vacuum within, able to resist 
high pressures without, and having 
adequate insulation, were almost in­
superable in the light of the prior art 
of tube construction. 

In order to appreciate the nature of 
the problem thus presented, it may be 
pointed out that in the average x-ray 
tube the total length of glass-to-metal 
seals is from two to three inches, 
whereas a column of the kind required 
in the new tube involves approximate­
ly 300 feet of such seals, or over a 
thousand times the length of the seals 
in even the larger standard tubes. 

Early in the experimental work on 
the manufacture of this critical column 

will give it many important new appli­
cations. When soaked in gasoline, the 
synthetic material increases slightly in 
volume, but returns to normal when 
dry. Oil affects it but little. 

It is reported that after the war 
. Foamex again will be used for mat­

tresses, automobile and truck seat 
cushions, furniture upholstery, and 
similar products. 

PBOTO-LAYOUT MATEDIALS 

Offer Many Advanlages 10 
Fabricators 01 Melal Paris 

MATERIALS for a simplified method of 
printing working drawings directly 
on metal, recently announced by the 
Eastman Kodak Company, are known 
as Kodak Layout Paint and Kodak 

Layout Paint Primer. As the name of 
the latter implies, it acts as a base for 
the Layout Paint. The new method is 
said to be of widespread applicability 
for the production of flat metal parts. 

Kodak Layout Paint is sprayed in 
ordinary room light directly on vir­
tually any primed metal surface with 
a conventional spray gun, after the sur­
face has been cleaned reasonably free 
of loose dirt and grease. Drying takes 
place rapidly and the prepared metal 
is ready for immediate use or it can be 
safely stored for a reasonable time in 
a dark place. 

The drawing, which has been pre­
viously prepared with black ink on a 
transparent or translucent material, is 
next laid in contact with the prepared 
surface and an exposure of a few min­
utes' duration made to arc or mercury-

it became evident that the usual gas- Ir;:====::::::;;;;;;;;;;;;;;;;;;;;:;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;:;:::;;;;;;;;;;;;===========::, flame technique for sealing metal to 
glass would not do. Eventually the 
Machlett engineers developed a novel 
procedure, involving a combination of 
gas flame and high-frequency induc­
tion heating. This is now being success­
fully used. The metal rings are of 
Kovar, and have a special configuration 
to assure complete and homogeneous 
bonding with the glass. 

SYMfE'ETIC RUBBED FOAM 

Compares Favorably With 

Matural Foamed Latex 

T HE DEVELOPMENT of a process to pro­
duce foam rubber from synthetic latex 
was announced recently by The Fire­
stone Tire and Rubber Company. This 
important discovery may . mean new 
safety and comfort for millions of 
American fighting men. Because foam 
rubber previously could be made only 
from scarce natural latex, relatively 
unsatisfactory substitutes had to be 
used for tank shock pads, gunner pads, 
aircraft seat cushions, submarine mat­
tresses, and many other vital war prod­
ucts. 

The new synthetic product, as soft 
and fluffy as an angel food cake, also 
can be produced in medium and firm 
densities, and volume production of it 
already is under way. 

Whipped into a creamy froth, much 
as a housewife beats egg whites for � 

her cake, the synthetic latex traps in­
numerable interconnected tiny air 
bubbles, which give the foam rubber 
its softness and permit free circulation 
of cooling air. 

The finished material compares so 
favorably with the natural foamed 
latex which Firestone made before the 
war that the same name-Foamex­
has been given the new product. 
Foamex is extremely light; it is odor­
less, washable, and sanitary, and un­
attractive to moths or vermin. 

The tensile strength of the synthetic 
material is equal to or greater than 
that made with natural latex, and it 
can be made to remain flexible at tem­
peratures ranging down to 40 degrees 
below zero. 

The ability of Foamex made from 
synthetic latex to resist gasoline and oil, 
which destroy natural rubber products, 

, 
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A spray of tap water removes all 
layout paint whic:h has been Uqht. 
struc:k. leavinq only the Unes and 
fiqures of the oriqinal drawinq 

vapor lights. The drawing is removed 
and the metal flooded with warm, weak 
ammonia water, A vigorous spray of 
tap water follows, which washes away 
the entire exposed coating, leaving 
only white lines where black lines ap­
peared in the drawirig. Another thin 
spray coat of Layout Paint Primer pro:­
tects the finished product. 

According to Kodak, parts so marked 
are as accurate as the original draw­
ing. On metal, the new Layout Paint 
withstands bending, shearing, and 
punching without showing any ten­
dency to loosen, and will actually re­
sist the application of a cutting torch 
up to the point where the molten metal 
carries it away, provided that the metal 
does not scale. 

The new method is said to have a 
distinct advantage over the scribing 
method because operators' instructions 
which are inked On the drawing are 
transferred to the part to be fabri­
cated. Reductions in scrap loss are fore­
cast "because a layout can be prepared 
so as to include parts for several prod­
ucts. By so doing, maximum use of 
metal can be achieved. It was further 
stated that no critical steps are in­
volved and that an inexperienced op­
erator can learn the process rapidly. 
It is anticipated that the new process 
will be a booJ;l to all fabricators who 
work with sheets of metal .having un­
even or oxidized surfaces. 

STEEL SAFEn 

Mainlained Despile 

War-Time Problems 

I N  SPITE of difficult conditions, which 
included a high turnover rate among 
employees, the steel industry held fast, 
during 1943, to its high rank in safety, 
according to statistics of the National 
Safety Council. 

As in 1941 and 1942, the steel industry 
was third in freedom from accidents 
among leading industries. Only the 
communications and electrical equip- ' 
ment industries among 38 major indus­
tries stood above steel in safety. 

The 1943 accident frequency rate in 
the steel industry was 7.4 per million 
man-hours worked, the same as in 1942. 
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The a�erage of all industries was 14.5 
last year, compared with 14.9 in 1942. 

So many perSons were hired as re­
placements in 1943 that a resultant 
increase in accidents might have been 
expected in the industry. At the same 
time, steel plants were operating at 
high speed to set an all-time record of 
yearly tonnage output, another obstacle 
to safety which had to be overcome. 

The new employees hired to fill the 
jobs of workers who had entered the 
armed services were unfamiliar with 
their surroundings, but safety engineers. 
and departmental officials conducted an 
unrelenting drive against unsafe prac­
tices and saw that every newcomer was 
adequately instructed. 

. 

TBOCK BEATER 

Pre-Beals Engines for 

Qnicker Winler Slarling 

lEW truck and bus heaters, an­
nounced by the Fluid Heat Division of 
Anchor Post Fence Company, combine 
the usual functions of cab heating and 
windshield defrosting with the addition 

All-purpose truc:k heater that draws 
fuel Jrom the vehic:le's supply tank. 
with remote control panel at left 

of trailer space heating and pre-heat­
ing of batteries, engine manifold, and 
crankcase if desired. Known as Model 
SAH, these heaters are made in several 
different sizes with outputs from 10,000 
Btu per hour on low rate to 40,000 
Btu per hour when firing at maximum 
rates. Controls are remotely mounted. 

The combustion process of vapor 
entraining, successfully applied to air­
craft heaters, is used. The heat ex­
changer has four compartments with 
"cross-over" passes between. Thus the 
flame and hot gases have a travel of 
four times the length of the heat ex­
changer with the maximum area of 
heating surface exposed to the heating 
air. Combustion air is pre-heated in a 
tube which extends through the length 
of one exchanger compartment. The 
flame is completely suspended to pro­
vide freedom from lead or other for­
mations without regard to the grade of 
gasoline used, and to insure longer life 
for burner parts. Fuel is drawn from 
the vehicle's supply tank. , 

In designing Fluid Heat automotive 
type heaters, safety was a paramount 
consideration. Therefore the exchanger 
is constructed of stainless steel with 
gas-tight, continuous welded seams. 
There are only three moving parts­
motor, fan, and a standard automotive 
type pump. 

Applications for this heater are found 
in heavY trucks and trailers, Arctic 
rescue sleds, mobile laboratories, 
busses, and other vehicles. When 
mounted on wheels or skids it may be 
used for pre-heating engines of bull­
dozers, cranes, compressors, and for 
numerous other applications where 
heat is an aid to starting or operating. 

PLAIIT MERBY-GO-ROOIfD 

Simplifies Engine 

Moanl Assembly 

T HE STRAINS of the calliope are miss­
ing and there are no horses to ride, 
but a moving oval jig, used for assem­
bly of fixed cowlings and associated 
parts on engine m()unts for Boeing B-17 
Flying Fortresses, in many respects re­
sembles a merry-go-round. The as­
sembly line operates on a track sus­
pended from the ceiling and guided ' by 

Oval assembly line. with Bupportinq over-head track and Boor qulde IrClCit 
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another track on the floor. It holds 24 
engine mounts at one time-enough for 
six Boeing bombers. The mount frame 
is placed in the jig at one end of the 
oval. When a worker completes one 
assembly operation, the mount moves to 
the next operator. After the mount has 
made a complete circuit, it is finished 
and ready for removal. Before this 
moving assembly line was designed 
and built by Boeing mechanics, it was 
necessary for an engine mount to be 
lifted and handled many times during 
the process pf completion. 

PERFECTED TELEVISION 

Claimed by Badio 

ladaslry Execalive 

ApPROXIMATELY $25,000,000 has been 
invested in television research and de­
velopment by the radio industry to get 
television ready for the public, accord­
ing to James H. Carmine, vice president 
in charge of merchandising for Philco 
Corporation. 

"Probably never before has the 
product of a great new industry been 
so completely planned and so highly 
developed before it was offered to the 
public as has television," Mr. Carmine 
says. "Through long years of research 

·and development, the television art has 
been so perfected that the product 
itself and the service it renders will be 
ready for the public in a highly":de­
veloped state as soon as the war is 
over. The best evidence that the public 
thinks well of television is the univer­
sal response that comes from those 
who have a chance to see it. As soon as 
television receivers can be made and 
sold, the public will eagerly buy them 
in tremendous quantities." 

FIBEB BANDS 

Now Prolecl Bombs. 

Rave Olber Possibilities 

AMONG ' , the recent developments 
achieved by American industry to meet 
the "critical materials" situation 
created by war cOl;lditions, is a wheel­
like, laminated paper bomb band, a 
co-operative ' development of the Alton 
Box Board Company and the Kenray 
Company. All bombs, up to 1000 pounds 
in weight, are equipped with two of 
these heavy fiber bandS which facili­
tate transportation and handling of 
bombs and protect the metal lugs on 
the bomb casing against damage. Every 
bomb is protected by these bands from 
the time it leaves the factory until it 
is placed in the bomb bay of the plane 
as it prepares to embark on its mission 
of destruction over enemy targets. The 
"paper" bands, among other things, 
permit bombs to be rolled over rough 
ground with a minimum of effort and 
danger. 

Previous to this development, bombs 
were equipped with steel bands to 
serve the same purpose. Each of these 
steel bands required 13 pounds of criti­
cal material-which was· reduced to 
two pounds ten ounces per band 
through the substitution of paper-board 
bands. It has been estimated that this 
change-over has resulted in the saving 

Measuring the weight . dis­
tribution of an articulated 
rod for Wright Cyclone en­
gine for the B-29. Super­
fortress. Wright Aeronauti­
cal Corp., Paterson. N. J. 

PreeIsion Over Tokyo! 
For to the East (Ire American Machines. many of them • • •  keen. 
effective. destructive. They are the tools of free men who built them . • .  

who use them in their g rowing. determined .effort to free others oppressed 
and they will not fail.  P ictured here is an a rticulated rod in  th� act of 
being balal)ced an EXACT WEIGHT SCALES. These rods are vital parts 
of the famous Superfortress. the 8-29 for "Precision over Tokyo" • . .  

a sinister operation but one no less commonplace tha n  the melting of 
plow shares into swords during the crusades. This is but a single. and ' 
we trust a temporary use for EXACT WEIGHT Scales. One day we wil l  
return to handling the commonplace items by the thousands which has 
been our task for more than twenty-eight years of useful service to 
world-wide peacetime industry. 

THE EXACT WEIGHT SCALE 'COMPANY 
65 west Fifth Ave" Col umbus 8, Ohio 

Debt. Ad. 1 1 04 Ba'Y St., Toronto. Canada 

of approximately 200,000,000 pounds of 
steel annually. 

. One of the surprising results of the 
change-over from steel to paper was 
that the band was greatly improved 
from the standpoints of ability to with­
stand shock and al?use, such as are en­
countered in combat area operations. 
In a drag test of 171 feet, a 1000-pound 
bomb equipped with . steel bands 
showed worse damage than a bomb 
with · fiber bands dragged 1275 feet over 

. the same course. Similarly, in drop 
tests, steel bands showed failure after 
two drops, whereas the fiber bands 
were still in good condition after six 
drops. 

In the development of these "paper" 
bailds, certain rigid conditions had to 
be met. Specifications called for mate­
rials that would be absolutely water-

proof-that would withstand rain, mud, 
and snow, as well as being light in 
weight and able to withstand extremely 
severe usage. Employing a synthetic 
resin base, The Kenray Company de­
veloped a moisture-proof adhesive 
which, when applied to fiber-board, 
could be inunersed in water for a 
period of seven days and seven nights, 
at a temperature of 70 degrees, Fahren­
heit, without absorbing more tlian 25 
percent moisture. 

Equipped with this moisture-re­
sistant adhesive, The Alton Box Board 
Company went into production on 
Bomb Bands which are made by ma­
chine-winding and gluing paper-board 
stock convolutely into a solid rim. 

This new "material," developed as a 
war project to meet an urgent need, 
would seem to have wide industrial 
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S O U T H B E N D  L A T H -= S  

War production demands uniform accu­
racy. Loss of time or the waste of scarce 
strategic materials because of variations 
in machining cannot be tolerated. Th,ere 
is no place in our ' war production plan 
for equipment that cannot be relied upon 
to maintain required tolerances. 

Sound design and careful workman­
ship give South Bend Lathes the depend­
able precision that assures uniform accu­
racy. Built by skilled craftsmen who take 
pride in their work, they are capable of 

maintaining split-thousandth tolerances 
on all work within their capacity. Their 
unvarying performance speeds production 
on the most exacting machine operations 
and assures perfect interchangeability of 
parts and 'Units. 

There is a South Bend Lathe for most 
war production requirements. The Engine 
Lathes and Toolroom Lathes are made in 
9" to 16" swing, with, bed lengths from 
3' to 12'. The Turret Lathes are made in 
9" and 10" swing. Send for Catalog 100-C. 

S O U  T H B E N  D L A T H E  W 0 R K 5 
SOUTH BEND 22, IN DIANA • LATHE BUILDERS FOR 3B YEARS 

applications for peace-time production. 
It is lighter and more shock-resistant 
than steel, it can be sawed, nailed, or 
screwed into like wood, is absolutely 
water-proof and weather-proof, and, 
finally, can be produced in large vol­
ume at relatively low cost. 

SYNEBGY 

Is Acquiriug Tremeudous 

Imporlance in Industrial Chemistry 

IT IS a commonplace of chemistry that 
a greenish yellow poison gas like chlo­
rine and a bright, silvery, flamma­
ble metal like sodium will react to 
give c!ommon table salt or sodium chlo­
ride, which is neither sodium metal 
nor chlorine gas, nor their sum or 
average. Such behavior is well known 
in less extreme form to industrial 
chemists who deal with such things 
as plastics, fibers, emulsions, ceramics, 
and protective coatings. 

Thus cellulose nitrate is insoluble in 
alcohol or ether but a mixture of alco­
hol and ether readily dissolves pyroxy-

lin, yielding a solution known as col­
lodion. Likewise, the effectiveness of 
pyrethrum, a common active agent of 
fly sprays, can be increased many fold 
by the addition of a small amount of 
sesame oil which in itself is harmless 
to houseflies. These mixtures possess 
properties not found in the separate 
ingredients used singly. 

All such non-additive effects may be 
described by the term "synergy." This 
word has been used for a long time 
in pharmacology and has Greek roots 
meaning "working together." The basic 
idea of synergy may be expressed as 
"the whole is greater than the sum of 
the parts" or even as "two plus two 
makes five." To use the more cautioUs 
words of the dictionary, synergy is the 
"co-operative action of discrete agencies 
such that the total effect is greater 
than the sum of the two effects taken 
separately." 

Can anything of value to the chemist 
be learned from so general a phenom­
enon as synergy? Do the many different 
systems displaying synergy possess any 
common ' factors in their mechanisms 

which can guide the industrial chemist 
in his work? 

With these questions in mind, a large 
number of examples of synergy froin 
diverse fields of industrial chemistry 
were examined as to type of mechan­
isms and general factors involved_ 
Three main types of synergic mecha­
nisms were recognized, based on (1) 
direct interaction, (2) complementary 
functioning, or (3) combined step­
wise action of the components of a 
system or mixture. 

The factors underlying all truly 
synergic phenomena were found to be 
self-association, packing effects, dis­
symmetry, and interaction of com­
ponents. Thus, mixture of an inert 
diluent with a solv.ent whose mole­
cules are combined or associated with 
other molecules of the same substance 
may cause these associated molecules 
to separate, thereby altering the sol­
vent properties. 

. 

The reaction rate of a chemical may 
likewise be altered by changes in self­
association upon dilution. By employ­
ing a mixture of particle sizes in the 
fillers used in materials such as put­
ty and concrete, higher plasticity at 
a higher filler content may be obtained 
as against the use of a single particle 
size. 

This results from the ability of mixed 
particle sizes to pack more closely. 
Plastics are made by combining certain 
compounds or chemical building blocks 
with themselv.es many times to form 
very large chains or networks. By 
employing a mixture of building 
blocks, differing in molecular size or 
polarity" dissymmetry is introduced 
into the structure of the plastic, there­
by altering its solubility, strength, and 
elastic properties. 

Synergy, which is so common in 
pure or theoretical chemistry as to 
hardly merit notice, acquires tremen­
dous importance in applied chemistry. 
It triples the effectiveness of . an in­
secticide or doubles the yield of a re­
action.' It represents a saving of time 
and money, conServation of materials, 
longer life and better use for the 
creations of the chemist. 

Heretofore the appiication of syn­
ergy has been largely the result of 
long years of accumulated experience, 
or of some special theory about some 
particular process, or even the result 
of chance discovery. There has , been 
a ' noticeable tendency among chemists 
to assume that mixtures of similar or 
related materials would give average 
properties. 

This generalization of the nature of 
synergy and the factors underlying it 
which have now been made for the 
first time in the field of industrial 
chemistry do ' not represent any new 
discovery of principles. They do, how­
ever, offer the chemist a valuable new 
orientation or approach to his prob­
lems. Armed with an awareness of the 
nature of synergy and consciously 
seeking its utilization, chemists can 
speed the solution of their problems 
and better realize the hidden possibi­
lities of the materials ' they work with. 
-From a paper by Pat Macaluso, of 
Foster D. Snell, Inc., presented before 
the American Chemical Society. 
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New Producls 
types of liquids having lubricating 
qUalities, has been announced by the 
John S. Barnes Corporation. The new 
Barnes pump is ideally adapted for 
use as a lubricating booster pump for 
oil lines, a gasoline dispensing pump, 
and for oil pressure systems on auto­
motive, truck, or tractor equipment. It 
has also proved ideally suited for use 
on Torque Converters. Capacity of the 
Barnes pump ranges proportionately 
from one gallon per minute at 600 
revolutions per minute to four gallons 
per minute. at 2400 revolutions per 
minute. It has a high volumetric effic­
iency when pumping extremely low 
viscosity fluids. 

TOUGB FLOORS 

ALL floors in industrial plants, espe­
cially loading platforms, receiving and 
shipping room floors, corridors and 
runways are subject to heavy traffic, 
shock, and abrasion. Consequently, 
floor troubles. are frequent. Main­
tenance men have been demanding 
tough, durable floors which are not 
slippery, show no noticeable wear for 
long periods and involve practically 
no upkeep costs. It is claimed that 
such floors can now be constructed 
with Ferem, a concrete component de­
veloped by the laboratories of the 
A. C. Horn Company. 

Ferem is a complete material con­
taining all the desirable characteristics 
of concrete hardeners, admixtures, and 
processed components. Ferem contains 
no sand, stone, or silica and requires 
only the addition · of cement and water. 
Ferem "Blue Temper" floors are re­
ported to be unusually resistant to 
wear, water, and chemical disintegra­
tion. The principal component of 
Ferem has a rating of 9 in hardness 
on the Mohs scale, which is only one 
point lesS' than the diamond. 

Ferem is used exclusively as the 
"Blue Temper" component in place of 
sand and gravel or stone in floor top­
pings in dairy or creamery floors and 
in industrial plants where the floors are 
subject to heavy traffic or where re­
sistance to water, oil, and dilute acid 
spillage is required. 

TORQUE SCIEW DllVER 

SAm to completely eliminate all danger 
. of over- or under-tightening, thread 

stripping, or material-damaging, a new 
torque screw tmd bolt driver has been 
announced by Richmont, Inc. It is 7% 
inches long, with a 1.30 inch diameter 
handle. 

This new driver, known as the Liver­
mont Roto-Torq, may be adjusted to 

Available in two models. this torque 
screw driver is easily adiustable 

any torque desired between 1 inch­
pound and 25 inch-pounds for setting 
screws, small nuts, bolts, and so on. 
Because it disengages itself at the 
proper torque, it is impossible for the 
operator to tighten beyond the pre­
scribed fit or tightness. 

The mechanism operates on a spring 
principle and is not to be confused, 
it is said, with a clutch, cam, or friction 
principle. Torque tolerances are very 

close and the torque is not influenced 
by excessive oil or other normal for­
eign material, nor by the way it is held 
or used by the operator. 

BOTAIY PUMP 

A NEW low-pressure rotary pump, 
which is designed for industrial ap­
plication and affords an efficient and 
economical method for pumping all 

An outstanding feature of the new 
pump is the Barnes patented spur gear 
tooth form.· Tooth construction of the 

Ingenious New 
Technical Methods 

Presented in the hope that they wi l l  
prove interesti ng and useful  10 you. 

No Vibration in New "Orbital Action" Port­

able Electric Sander; Relieves Workers' Fatigue 

A boon to workers' nerves and health, this new 
"Orbital Motion" electric sandeds actually vibra­
tionless. A great saver of workers' energy as well 
as man-production hours, the sander can be oper­
ated easily in horizontal, vertical or inverted 
position with one hand. Compared to manual 
sanding, this machine achieves superior results 
at least eight times faster. It performs equally well 
on wood, metal or plastics. 

Developed for war industry, this revolutionary 
new sander has done yeoman duty in thi s  coun­
try's manufacturing plants and in allied mainte­
nance and repair depots all over the world. 

Wrigley's Spearmint Gum renders a real service 
to workers too-eases dry throat and relieves 
tension that brings on fatigue; leaving both hands 
free to stay on the job. The Army and Navy were 
quick to appreciate these benefits, that's why they 
are now shipping to our fighting forces overseas 
only, our entire limited production of Wrigley's 
Spearmint. Just as soon as we can supply the 
home front, too, industry will again enjoy the 
benefits of Wrigley's Spearmint Gum now proving 
so important on the battle fronts. 

You can f!,ef complete information from Sterling Tool Prod. 
ucts Company, 155 East Ohio Street, Chicago 1 1 ,  Illinois 

Easily-removed filter cleans air that 
cools motor - prolongs motor l ife 
and reduces maintenance costs. 

Dustpraof tra n s m iss ion  synchro­
nized to eliminate vibration. Oil sup­
ply lubricates forl 00 operating hours. 

Y-J 60 
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DOZltlt_GRAKAM-fAS1MAN 
-4� � .� �' 06 MAPLE AVE. 

BENDIX BLDG., \25 C ALI f O RN I A 
L O S A N G ELES ' 

Achromat i c  O b j e c t i v e s  
Aperture Pocal Length Price 57mm It2mm $6.00 18Dua 95mm 2.00 36mm 182mm 2.00 1110 diameter 1· focus for Ramsden eye-pieces $1. 
7mm diameter 7mm focus $1. 2"x2' Pyrex Optical 
lIats $5.  
Send for free list describing many other Items. 

MAYfLOR PRODUCTS CORP., Katonah, N. Y. 

7/r.e FKE/looh 
ARE FOR MEN AND WOMEN 

WITH IDEAS FOR 

IIIVEIiTIONS 
Opportunity has never knock­

ed harder for inventors . � . 
industry is preparing for an 
era of prosperity NOW . " . 
new .products. new proces.ses 
are wanted NOW! 

Get these books today. They 
fully explain what you must 
do to protect your invention 
· . . tell you step by steP. 
They contain valuable infor­
mation . . . show 115 funda­
mental mechanical movements 
· . . may help you comnlete 
your int'ention. We send wjth 
books free Evidence of Inven­
tion form that may help :tou 
estabUsh your clal.m. 

Books are written by men of 
experience In patent matters 
· . . men who have he}ned , 
lhventors for nearly 50 years. ' 

71tsyJte 7!tRII/L.RU 
JUST SEND COUPON 

276 

spur gear completely eliminates ex­
cessive sliding, and reduces slippage 
of the fluid to an absolute minimum; 
each tooth completely fills the mating 
space, as the gears mesh, and virtually 
perfect sealing action is effected. Thus 
positive displacement of the fluid is 
assured despite variations in fluid vis­
cosity or other factors. 

HYDBAULIC SPEEDPBESS 

AN ENTIRELY new air-hydraulic gap 
type speedpress, announced by Stude­
baker Machine Company, can exert a 
maximum pressure of 1% ton. 

Inexperienced operators encounter no 
difficulty in working with this 

The operator simply pushes down this 
hand (or foot) control and thEl ram 
quickly travels the set stroke from 1/32 
to 2% inches, and delivers pre-selected 
pressure. Operator releases contro�, and 
ram retracts automatically. 

Air cylinder and hydraulic pump 
units are built into this press body 
and are easily accessible and removable. 
It is the fastest of all presses where 
speed is needed-or . the ram can be 
slowed down to meet exact require­
ments. 

FLEXIBLE HEATIRS UIfITS 

FLEXIBLE "serpentine" electric heat 
units have recently been perfected by 
the H. and A. Manufacturing Company, 
Inc. These new units can be coiled in 
close or in widely spaced turns around 

pipes and cylinders, spiraled around 
molds, or fitted to odd contours. 

Of metal-ceramic construction, the 
units can be made in varying lengths 
and diameters and in capacities up to 
15 to 20 watts per lineal inch. Exact 
temperatures up to 1000 degrees, Fah­
renheit, can be maintained without de­
terioration of the steel-ceramic struc­
ture. 

Heat . may be applied through direct 
contact of the unit or may be trans­
ferred through clips or fixtures of vari­
ous designs. The unit may be left ex-

Experimental and· Model Wor 
PIne InItrumenti and PIne Machinery 

InventIons Developed SpeeIa) Tools, Dle�, Gear Cutting, Etc. 

HENRY ZUHR, Inc., 1 87 Lafayette St., N.Y. 1 3, N .' 

Gave Fill'!�$ 
Steel-Grip Finger Guard. 
Hundreds of factories are saving timf and iniuries in war production b) 
�i���;tl��a';'3:.keUse'dl tror Sbe:!dYi�� 
���Jin�� ::�fn:.rt�r�ht��:b��, 
f,����orln��sh��d�1��h�trr�njtOb� 
back. from cuts. abrasions or blisters Made of durable leather with e'lastit web back for snug, cool, comfortablt fit. Easy on and off. One size fits all men or women. Send tOe each fOI samples or trial order box of 50 al 8�c each. less 10% . 

Catalog 0' SIMI-Grip &if • ." Appa1'el /ree on raquut 
INDUSTRIAL GLOVES COMPANY 

SCI ENCE "FANS" 
. SHOULD READ my new Pamphlet which pur­

ports to solve some intriguing SCIENCE 
MYSTER!ES, the nature of gravitation and 
electric attractiqn, refraction and matter­
structure. ' An original thesis based on elemen .. 
tary principles of phYSics and relativlty. For 
details write J. P. KAYNE, 517 SHELDRAKE. 
4518 Clarendon Ave . .  Chicago 40. m. 

19 .. :':'�:'::'�:::; �f{; 
(9 x .0432 x 74. 1  x 3.8) ..;.. (245 x .0093 x 36) 

= 1 3346+ 
What about the decimal point? Place it quickly 
and accurately with the Decimalizer. Pocket 
size, in leather case, $2.5 0 ;  with e:xtra ( mu! .. 
tiplying and dividing) scale, $3.  Money·back 
guarantee. 

. 

GEORGE H. MORSE 
927 28th St. South Arlington, Va. 
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posed or may be sealed or coated over 
with insulating cement. 

Applications already have been de­
signed for de-icing installations on air­
plane engine nacelles and on hangar 
doors; also on molds where critical 
temperatures must be maintained, and 
on melting pots of unusual shapes. 
Other applications include the heating 
of pipes and valves carrying viscous 
fluids. Experimental work is being done 
on various applications in the plastic 
field. 

HYDRAULIC GUI 

A PORTABLE 1% ton capacity hydraulic 
press with off-set platen and ram, 
identified as Hy-Mac hydro-squeeze 
gun and built for pressures up to 1000 
pounds per square inch, is announced 
by Hydraulic Machinery, Inc. Two 
ball-type switches are conveniently 10-

Worklnq stroke is 1 ;.1z  inches 

cated on the unit to control a spring­
returned four-way valve. As long as 
both switch buttons are pressed, the 
valve solenoid is energized and oil 
under pressure is valved into the gun, 
moving the ram through the working 
stroke of 1 % inch. When one or both 
buttons are released, the valve solenoid 
is de-energized and · the ram starts the 
return stroke. 

The off-set platen and ram are con­
structed to accommodate special 
adaptors for various operations, such 
as pressing bushings and pins, riveting, 
dimpling, and so on. 

This gun will reach many hard-to­
get-at places, formerly inaccessible to 
power tools. A standard Hy-Mac hy­
draulic power unit, complete with 
pump, motor, tank, and valves, gener­
ates the hydraulic power for operation 
of the gun. 

PLASTIC CmUT 

PLIASTIC Cement is the name of a syn­
thetic resin adhesive recently announced 
by Paisley Products, Inc. It is a white 
fluid cement that may be used in its 
natural state or reduced with water. 
Application is by brush, gumming ma­
chine, spreader, dipping, flow, or spray 
gun. The manufacturer states that Pli­
astic is compounded of selected resin 
bases with complex non-resin mate-

DON�T LET POOR EYESIGHT 
STOP YOIJ FROM READING 

�n 
Wnu5ual 
�bri5tma5 

�ift . 

See it 

THREE TIMES AS LARGE with Pike " ELECTRIC READER" 
SEE CLEARLY AND D I ST I NCTLY W I THOUT STRiA I N I NG YOU R EYES 

U n l i ke the ord i nary read ing g l ass, the P i ke "ELECTR I C  READER" 
produces sharp, i l luminated images in i ts enti re f ield .  Type matter 
becomes clear and d i stinct. Fu l l vision is  assu red anywhere in the 
g l ass, a nd not j ust in the cen ter . . .  a frequent comp la int  with ord i no ry 
read ing g lasses. 
The lens of the P i ke "ELECTR IC READER" is made of prec is ion g round 
and pol ished glass. I t  measures a fu l l  3 V2 i nches across-large enough 
to enable you to read from 1 2  to 1 8  l i nes of a n  ord inary newspaper 
or magazi ne column, without once moving the Reader. 

. 

The Pike "ELECTR I C  READER" comes in two types. The battery model, se l f-contained, 
has a "soft l ight" lamp and operates with ordinary dry cells. It is priced at on ly $6.50. 
The outlet model, equ ipped with a "day l i te" lamp, uses common house cu rrent - either 
A.c. or D.C. Is  1 10 volts, i t  costs on ly $9.50 ( ]  50 and 220 vo lts at sl ightly higher 
prices. ) 

E. W. PIKE " COMPANY, Manufacturers, P. O. Box 4, Elizabeth 3, New Jersey 

THIS NAME � INSURES Q UALITY 

General Detroit's new 48-vage 
Buyers' Encye10pedia saves time. 
money. headaches on purchasing 
problems. 500 fire protection. 
safety. industrial. municipal. and 
other Uhard-to-get" items. Write 
General Detroit Corp.. Dept. 1- E. 2270 E. ;relfemon. Detroit 7. 

With D I-A C R O  
BENDERS . .  ' . . 
The DI�ACRO 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 
accurate to .001'" for duplicated 
parts. DI-ACRO Benders bend 
angle, channel, rod,  tubing, wire, 
moulding, strip stock, etc. 
Machines are easily adJustallle 
for simple. compound and re .. 
verse bends of varying radii. 

NOW Repair your own 
ELECTRICAL APPLIANCES 

with 
CHANITE Self-Welding ELECTRICAL 
HEATING ELEMENT flux. Generous 
amount, instructions enclosed. $ 1 .00 
postpaid .  

CHANITE SALES COMPANY 
914 South Main Fort Worth 4, Texas 

/11",nA!/.! ....... , ...... l'j�"" 
CENTERED 

!! 
Send for Catalog 

"DIE - LESS" DUPLI­CA TING showing IJUUlY 
kinds of " dieleas" 
duplicating produced 
with DI-AORO Bend­
ers, Brakes and Shears. 

347 E IGHTH AVE. SO., 

MINNEAPOLIS 1 5, MINN. 
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All Serious-Minded Production ' Men 
SHOULD HAVE THIS FREE BOOKLET ! 

FORGING . AHEAD IN BUSINESS 
contains a message of particular impor­
taace 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 "For�ing Ahead in Busi­
ness" has been distributed to more than 
�,ooo,ooo men, today's timely edition 
was written in the light of recent world­
wide developments. Its 64 pages repre­
sent .more than three decades of suc­
cessful experience in training men for 
leadership in business aiid industry. 

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

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

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

• • •  and that represents the opinion of 

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

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

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

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

Alexander Hamilton Institute 

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

Dept. J5.  7 1  West 2 3rd Street, New York 10, New York 

In Canada; 54 Wellington Street, West, Toronto 1, OnL 
Please mail me, without cost, a copy of the 64·page 
book-"FORGING AHEAD IN BUSINESS:' 

Name . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 

Firm Name . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 

Business Address . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 

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

Home Address . . . . . . . . . . . . . . . . . . . .. . . . . . . .  ' . . . . . . . .  . 

rials to yield a tough, pliable, continu­
ous film capable of joining many com­
binations of mate.rials. 

The Pliastic film, when dry, is a semi­
transpa�nt, glossy, flexible coating 
with excellent heat-sealing properties. 
When used in the liquid state for bond­
ing materials it can be applied to one 
or both surfaces, the speed of setting 
being dependent upon the porosity of 
the materials used. 

According to the manufacturers, Pli­
astic is being used in many in.dustrial 
operations as a replacement for rubber 
latex on the following materials: paper; 
cardboard; wood; plywood; Presdwood; 
asbestos; cotton, wool, and hair felt; 
abrasive grains; tinsel and glass beads ; 
plain or treated fabrics; cork; rock­
wool and Fiberglas insulation; leather; 
plastics; porcelain; metals; stone; and 
many painted, lacquered, and coated 
surfaces. 

DRILL-PRESS BRACKET 

JUST announced by , the Nobur Manu­
facturing Company is a new angle 
bracket that will convert any drill press 
into one of the. handiest, most versatile 
machines in a shop. 

This angle bracket changes a drill 
press into an all-purpose machine for 
angle drjIling, polishing, buffing, sand­
ing, ;rotary filing, wire brushing, tap­
ping, reaming, ,burring, grinding, hon-

Adaptable to any angle 

ing, and for many more specialized and 
varied uses. 

According to the manufacturer, this 
angle bracket is a quick and ine�pen­
sive answer to the hundreds of tedious 
jobs that demand speed and efficiency. 
Spindle angles can be adjusted to any 
height, placed horizontally or ver­
tically, at any angle, and can be set 
for greater convenience and operator 
comfort. It fits the machine to the 
work-and gets more work out of the 
machine. 

SLIDE RULE IMPROVEMEHT 

PLACING the decimal point is one of thE 
biggest stumbling blocks in the use of 
the slide rule. Ever since the slide rule 
was invented, computers have felt the 
need for some positive, simple, mechani­
cal method of placing the decimal 
point. Pointing off in powers of 10 
presupposes a much beUer' knowledge 
of mathematics than the average person 
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- ean 'lfou ­
SOLVE A PROBLEM 

� � d? 

HAVE you ever struggled 

with a problem for hours, without 

success? Have you finally retired at 

night with all avenues for its solu­

tion closed? Do you know that you , 

can transfer such a problem from 
your exhaus:ted, objective thinking 

mind, to the profound intelligence 

of your subjective faculties-and 

often awaken with a forceful, com­

plete idea-the solution? The exact 

mental formula for this method is 
one of the practical studies of the 

·Rosicrucian teachings. 

Accept IJu4, qi/;t 800h 
The Rosicrucians are a world-wide 

fraternal group of men and women, 
devoted to an investigation of the 

mysteries of life and self. For fur­

ther explanation write for their 
fascinating free book, "The Mas­
tery of Life." 

Address: Scribe R.M.O. 

AGELESS AS TIME 

SAort-tVt A(g!hell1nli(!s 
COMB I '''l:ll W I TH 

Pracfical M�c;'ah;cs $/ml'/Ihed 
NEW 2-in·1 reading course I New you can leam �lIIp;;.g 
the speedy. simplified system of calcu1atiGn used by 

_en. engin ...... acceuntan ... "mast .. minds" ff �!lJ 
CII the stage. Learn easy way te multiply 4 fiaures \::::::J � 
by .. fiKUTeS without using ola·fashl&ned multi'pli· �. r::\ 
�tion; add long columns a( fip,res this lightning 1"':'\ � . 
Ibort-cut methed. Leam horsepower. slide rule, � 
.Dicrometcr • logarithms, woo4 measure. puzzles. etc., 

*' Large illustrated volume complete with answers, {l::l!r9r 
only $1 postpaid. Satisfaction or refund. Amaze • X ­�friends withyourmagic·like mental powers. "'O;- 0 W!ll Complotedelall$ • • •  _O c •• ponTODAY! + V % 

UNELSONCe:321r.W';b;;;"h.D;;t3M:ii. Chicago 4. Ill. , 
Please send free d�. about "Shott-Cut � and PrIdIcaJ Mechanica Simplified." No obli&ation. NOmL ____ ___________ _______ ___ _ 
UdreIL..-----------------

possesses, or is able to retain and use 
with facility after leaving school. 

Now there has been developed a new 
slide rule decimal�point locator-and a 
new slide rule-which does four things 
not accomplished by other rules: It 
determines the decimal�point mechani� 
cally in involved expressions with re� 
suIts up to 19 digits or 19- zeros; ob­
tains 30-inch scale accuracy for cube 
root and 20-inch scale accuracy for 
square root on a rule with 10-inch 
scales; with one setting of the hair­
line reads square root, cube root, and 
logarithm or with one setting of the 
hair line detennines the number of 
digits or zeros in the square root or 
cube root; simplifies slide rule calcula­
tions so that persons with a very limited 
mathematical background can evaluate 
and point off relatively complicated ex­
pressions. 

CAGE TYPE SPEED NUT 

No RIVETING, welding, or spinning op­
erations, nor any special tools, are neces­
sary to install a new self-locking Speed 
Nut in screw-receiving position for 
blind attachments. It is necessary only 
to compress the cage as shown in the 

Speed Nut for blind attachments 

sketch and to insert the legs. The legs 
spring apart when pressure is released, 
the turned-up ends just clearing the 
back of the panel. The nut will hold 
tight against the force of inserting the 
screw and the screw-tightening torque, 
and the floating Speed Nut within the 
cage allows for any misalinement of 
clearance holes. 

FACING TOOL 

THE MuItifacer, applicable to drill 
presses, engine and turret lathes, and 
milling machines for spot facing, boring, 
counterboring, valve seating, and cut-

ting convex or concave annular rings, 
is a new tool introduced by The Rieger 
Manufacturing Company. 

The head of the MuItifacer is slotted 
for the insertion of a bit ground to the 
desired contour. The bit is locked in 
place with three set screws and can be 
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PIKE 
POCKET 

MICROSCOPE 
Equ ipped with fully 
Achromatic lens sys ­
tem 40X 50X 60X in 
same . tube, Price 
$ 1 5.00 in leather case. 

E. W. P IKE & CO. ,  
El izabeth 3, N.  J .  

� REG. u.s. PAT. OFF. 

"TH E FINGER PRINT 

INSTRUCTOR" 
B y  Frederick'  Kuhne 

In this 182·page book, written by a 
noted finger print expert, will be 
found complete instructions on every 
pha� of the work from taking the 
prints to final identification. N u­
merous photographs and reproduc­
tions of prints make all details clear. 
$4.25 postpaid New 1942 Printing 

O rder From SCIENTI FIC AMERICAN 

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

MAGI C  ELECTRIC WELDER 

�if ni�i�ls�C;�� : 
t;{f"i�; f",JJtz'iii'r�fl����' c��� 

.plete with power unit, flame and metallic arc 
attachments. carbons, fluxes. rods, mask. Used �

nl
:�e

19.
�5:VY. For professional or hobbyist. 

MAGI C  WELDER MF'G. CO. 
239 Canal St. Dept. PA·12 New York City 

Take first step to protect your 
rights to your Invention-without 

cost. Mail coupon today for Free 
"Record of Invention" form and complete instructions 
for making legal disclosure of invention and 
establishing date. We also send 48 page free Book 
"Patent Guide for the Inventor" telling importance 
f�ve�£i�!;t �o

C!iO�� �:ke 
to 

A��Hcaft1o� U:��ke�at���� 
examples of Successful inventions. Also details 
of how . a Patent protect. you ; our reasonable 
charges for preparing applications including offiCial 
drawings and technical specifications; confidential 
se�rch service to be reasonably certain Invention 
Is patentable; prompt service; strict secrecy; plan 
for you to pay in small payments as application 
progresses; other facts you want to know about 
Patent Protection. Mail coupon for Free "Patent 

Guide" and "Record of Invention" form today. 

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

I 
I 
I 

Name . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  I 
I 

Address . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . I 
I City . . . (Pieas; , j,jrii.· OT' PT·!i't· pzai�lt;r' " ' '' ' I 
� - - - - - - - - - - - - - - - - �  
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ARMY HAVERSACKS 
beavy canvas, with po�ke.t�, 
second hand, with leather 
sling. Postpaid for $ 1 .00. 
Special 12 page circular 
mailed for 3; stamp. 

Francis Bannerman Sons 
501 Broadway, N. Y. ( 12 )  

LIfting or holding 
magnets, like cut � each $4.00 

ODe Ounce magnet in a I"" x 111' X 1�2" 
frame will sup­
port 4 lb •. 
each . . . . . .  $2.00 

ALNICO Pocket Pieces 11/18' x 9/18" x ��. 
. .  ; . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  pair $l.00 

Horse Shoe Magnets �':z' x �2'" x· ��IJ' pair '1.25 
1%' x %' Watch size GEAR BOX 

150 to 1 Ratio . . . . . . . . . . . . . .  35# . . . .  3 for $1.00 
SKINDERVIKEN Transmitter Button with 

18 paie Experiments Booklet . . . . . . . . . . . .  $l.00 
2�� x n. A.C. 110 volt Clock Motor, 3 revolutions per mlnute . . . . . . . . . . . . . . . .  $3.00 
One amp. Mercury Switch, long leads 

35¢ . . . . 4 for $1.00 

BLAN, 640 Dey Street, New York 1, N. Y. 

, Send f()r FREE UTERATURE on 
il \ IH�ENTS' 1 AND TRADE MARK.S � /I C. A.SNOW6 CO. �I Reg. Pa'en'�'orne1IShrte 187' 

430 Snow Bldg. Washington . , D. C. 

.. 

Valuable Fur. Delicious Meat. 
Easily Raised. Pleasant Pastime. 

Tremendoui Demand . .  
Small I nvestment. Large Profit. 

Offer You Security & 
Independence. 

W I L LOW BROOK FARM 
R93, Sellersville, Pa. 

15,000 1077 
FORMULAS PAG ES 

H OPKI NS' 

"CYCLOPEDIA" 

OF FORM U LAS 
Thousands of copies of this ac­
knowledged leaders among books of 
formulas are being used daily . $5.50 postpaid (Domestic) 

Order From 

SCIENTIFIC AMERICAN 
24 West 40th Street, New York 1 8, N. Y. 
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adjusted to cut evenly even when the 
grinding is somewhat faulty. Clearance 
slots provide for the escape of shavings 
and chips. 

The Multifacer is reported to be a 
production tool for long runs as well 
as handy for occasional jobs. It is 
built of tough alloy steel, heat treated 
and ground. It is said to have the 
ruggedness to last indefinitely under 
hard usage. 

SIIAP·SWITCH 

REPORTED to be the smallest fully en­
closed snap-action switch ever built, 
the new Miniac is only 17/64 inch thick, 
13/16 inch high, and 1 3/16 inch long. 

. Engineered on the well-known rolling 

Contact points are of silver 

spring principle, but with a new design 
and smaller size, it is fully enclosed in 
a Bakelite case with four mounting . 
holes 3/32 inch in diameter. Actuation 
is with a stainless steel pin plunger. 
All parts are non-corrosive and all 
contacts are of fine silver. Main blade, 
contact blade; and rolling spring are 
made of beryllium copper. Rated at 15 
amperes, 115 volts A.C. Furnished in 
single pole, normally open and normally 
closed, and double throw. Designed to 
permit leaf type or over-travel plunger 
type actuators to be attached to the 
case. 

SELF-FLAIIHG COOPLIHG 

F OR USE with flexible plastic tubing, a 
self-flaring coupling has just been an­
nounced by Packless Metal Products 
Corporation. No flaring tools are re­
quired. The flare is formed as the 
members - of the coupling are screwed 
together in one simple operation, as-

Re-usable couplinq for plastic tub· 
iDq automatically flares the end 

suring uniform walled flare, with no 
thinning toward the end to. weaken 
the tube. The plastic tubing is not 
preheated. 

It is stressed by the manufacturers 
that the (lonstruction, by providing a 
union effect, eliminates twisting and 
distortion of the tubing in' installation, 
as well as split ends. Only the simplest 
of shop tools are required and assembly 
may be made right at the job. Coupling 
may be re-used indefinitely. 

SAVE 
UP TO 

ON TECHNICAL BOOKS 

Quantities Limited 
Order Now 

Title Author 
Original 

Price NOW 

Baking Powders 
MendelSohn . .  $4.00 $2.�(j 

Hair Dyes & Hair Dyeing 
Redgrove 

. 
� .oo 2.�0 

Chemical French 
Dolt _ .  4.00 2.00 

Plant Growth Substances 
Nicol . . . . .  _ . . .  2.00 1 .25 

White Shoe Dressings and Cleaners 

Chromosomes 
W. D. John . _ . .  1 .7� 1.00 

White 1.50 1 .00 

Chemical Species 
Timme�mans 4.00 2.00 

Engineers Pocketbook 

Rubber Latex 
Camm . . . . . . . .  4.25 2.75 

Slevens . .  _ . . 2.00 1.00 

Dictionary of Metals & Alloys 
Gamm 3.00 1 .75 

Practical Mechanics Handbook 
Camm 4.00 2.5 0 

Chemical Warfare 
Wachtel 4.00 2.00 

Book of Garden Improvements 
Breit 2.50 1 .25 

Manual of E.ndocrine 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 

GaTdening Without Soil A. H. Phillips 2.00 1 .25 

Engineers Manual 
Camm 2.50 1.50 

Rancidity in Edible Fats 
G. H. Lea 4.00 2.50 

Casein & Its Uses 
H. Haderl 3.00 1 .50 

Utilization of Fats 
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 

Jigs, Tools & Fixtures 
Gales . . 4.00 2.00 

Methods & Analysis of Coal & Coke 
. . . . . . . . . . . . . .  1 .50 1.00 

Aviation Instrument Manual 

Wiring Circuits 
5 .00 · 3 .00 

Stuart . . . . . . . . . 2.50 1.50 

Practica:l Design of Small Motors . 
Molloy . . . . . . . .  2.50 1.50 

Modern Oil Engine Practice 
E. Molloy . . . . . .  5.00 3.00 

( To above prices add 1 0  cenls domestic postage 
for each book. For foreign postage add 35 cents 

for each book. ) 
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C u r r e n l  B .U ,l , e l i n  
B r -i e f s  

Conducted by 
K .  M .  C A N A V A N  

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

GRINDING FACTS Is a 136-page reference 
book on grinding which includes an 

explanation of new standard marking 
symbols,· a schedule of grading recom­
mendationS, safety rules, and a table of 
useful speeds. The Ca:rborund�m Com­
pany, Niagara Falls, New York.-:Re­
quest this book on yOU:?' business letter­
head. 

SAFETY IN ELECTfnc AND GAS WELDING 
AND CUTTING OPERAtIONS is a 32-page 

booklet compiled for the protection of 
operators from injury and illness, and 
for the protection of property from 
fire and other damage. It -includes every 
phase of safety applicable ' to ordinary 
welding, 'cutting, brazing, 'lead burning, 
and flame-treating operation. Ameri­
can Standar.ds Association, 70 East 45th 
Street, New York 17, New York.­
Single copies ' 40 cents. 

B. F.' GOODRICH INDUSTRIAL RUBBER 
PRODUCTS is a 12-page, well illus­

trated booklet containing infonnation 
and cross-sectional views of Vihro-In-
8ulators, molded rubber goods, indus­
trial cutless bearings, products made 
with Koroseal, and many other rubber 
products. B. F. Goodrich Company, 
Akron, Ohio.-Gratis. 

THE OBSERVER'S HANDBOOK FOR 1945 con-
tains data on the planets and other 

astronomical phenomena, month by 
month; also lists of double and multiple 
stars, variables, four star maps, an 
ephemeris of the Sun, and miscellane­
ous astronomical data to the extent 
of 80 very useful, practical pages. Most 
amateur astronomers obtain this book­
let each year. Royal Astronomical So­
ciety of Canada, 198 College Street, 
Toronto. Ontario, Canada.-25 cents. 

3-M ADHESIVE DATA is an eight-page 
booklet covering the viscosity, 

bonding range, and method of applica­
tion of various coating materials, im­
pregnators, spray-on insulators, and 
sound-deadening compounds. Minne­
sota Mining and Manufacturing Com­
pany, Saint Paul 61 Minn.esota.-Gratis. 

RELIANCE SPRINC LocK WASHERS-FoLDER 
NUMBER 142 contains engineering 

data on all types of spring lock washers 
including steel section sizes and ID. and 
O.D. dimensions. Eaton Manufacturing 
Company. Relianee Spring Washer Di­
vision, Massillon> Ohio.-Gratis. 

ENCINEEHINC INFORMATION ABOUT No­
,SPAT WELDING FLUJD is a rour-page 

bulletin based on practiCal and scientific 
tests which were made to determine the 

in a 

1$ unbrtb 
!ltar�! 

Yes, only once in a hundred years will you 
have an opportunity to give your friends this 
de luxe Chrlstmas present-a 1945 subscrip· 

. tion to SCIENTIFIC AMERICAN. 

For 1945 Is SCIENTIFIC AMERICAN'S IOOth Anniversary 
Year and TWELVE SPECIAL ANNIVERSARY ISSUES will fur· 
nish a survey of the proqress in science and industry during 
the past century. 

These anniversary numbers will feature additional depart· 
menls. Starling with the January issue, two new deparlmenls 
will be added: Transportation-both rail and non·rail-and 
Plastics. 

When you give SCIENTIFIC AMERICAN 
this Christmas, you'll be giving your 
friends a year's supply of good ideas 
which can be used in solving their busi­
ness problems-and they will treasure 
these anniversary issues for many years 
to come. It's the perfecl gift for l11en in all 
fields of Industryl 

Lisl your friends on the handy coupon (use blank paper for 
other names). We will send them attractive gift cards at Christ· 
mas announcing that you have entered gift subscriptions to 

·SCIENTIFIC AMERICAN in their names. They will appreciate 
your thoughtfulness twelve limes a year! 

r - - - - - - - - - - - - - - ---------------------
I 
I SCIENTIFIC AMERICAN GIFT SUBSCRIPTION RATES 

- ONE YEAR -
I 24 West 40th Street 

I New York 18, N. Y. I 
I 

One Subscription . . . . . . . . . . . . . . . . . . . $.4.00 
Two SubSCriptions . . . . . . . . . . . . $7.00 
Each Additional Subscription . . . . . . . .  $3.00 

You may count 'rour own renewal 
(These rates are good only in U.S.A. Proper) 

Enclosed is $ . . . for which please enter Gift Subscriptions 
10 SCIENTIFIC AMERICAN, for one year, to be sent as indicated 
below: 

Send To 

Address 

I City . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  State . .  . 

I --�-----------------------------------
I 
I 
I 
I 
I 
I 
I 

Ordered By 

Address 

City . . . . . . . . . . . . . . . . . . . . . .  State . . . . . . . . . . . . . .  . 

I 0 Exlend my Subscription 

L _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  _ 
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NOW is the . time 

' If you have individual 

or manufacturing re­
quirements for preci­
sion optical elements, 

and instruments, we 

invite inquiries. We 
believe the Post War 

Planning division of 

our Engineering De­

partment can develop 

your requirements into 

practical design and 

worka ble eq uipment. 

Will. MOCO & SONS, INC. 
Est"b'''hed 1 882 

PLAINFIELD NEW JERSEY 

* BUY WAR BONDS * .  

Make Accurate, Speedy Photo-ColJies 
in Every Department of. Your Business 

Executives see 
for A-PE-CO in every delDa,1:mLent. 
corne "photo-exact" 
portant papers are copied in 
No proofreading. Many say 
thousands of man-hours by doing a 
copying in a jiffy ; by copying direct blue­
prints without tracings ; reproducing financial 
records and cost sheets. You. too. should have 
the modem. versatile A-PE-CO Photo-Copyer. 
Its accuracy is necessary in your war work and 
post-war plans. Get this new business babit! 

Legally Accepted Photo.Copies 
• Lett.rs • Pictures • Docum.nts · • Drawings 
.!.(lecords . • Receipts • Blueprints . • Shop ordare 

A-PE-CO copies afrect from anything written. 
printed (one or both sides) . drawn. or photo­
graphed up to IS· x 22" . Permanent. easy-to-read, 
same-size copies made easily and quickly. Mistakes are fmpO.8ible. Any girl or boy quickly becomes 
expert. See how thousands are using this modern, 
versatile method. Ilnmedlate delivery. Copy righ,t 
wtth A-PE-CO . Write for A-PE-CO folder. 

AMERICAN PHOTOCOPY EQUIPMENT CO. 
Z849 N. Clark St.. Dept. KH-l24, Chicago 14, IDinois 

R.pr .... ntatlves in prinCi pal cities. 
In Canada, Railway " Power Engin.ering Corp., Ltd. 
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effects of using an anti-spatter ilujd in 
welding. This bulletin also suggests a 
method of keeping welding jigs free 
from spatter and contains tests for de­
termining weld strength and weld 
soundness. The Midland Paint and Var­
nish Company, 9115 Reno Avenue, 
Cleveland 5, Ohio.-Gratis. 

AVIATION PREDICTIONS is a 32-page 
brochure which presents in digest 

, form the probable future of aviation, 
as seen by leaders in this industry. The 
post-war . developments are conserva­
tive, but optimistic. Simmonds Aeroces­
sones, Inc., 30 Rockefeller Plaza, New 
York 20, New York.'-Gratis. Request 
this brochure on your business letter­
head. 

DUSTKOP is a 24-page catalog of in-
dividual type self-contained dust 

collectors for gathering dust from all 
sizes of surface, tool, pedestal, disk 
grinders, and sanders. This catalog is 
indexed according to grinder size for 
rapid selection ,of the correct equjp­
ment. Aget-Detroit Company, .602 First 
National Building, Ann Arbor, Michi­
gan.-Gratis. 

STOPS GUN RUST AND PITTING is a folder 
outlining the use of RIG as a clean­

ing and rust preventive measure for 
rifles, tools, battery terminals, locks, 
surgical instruments, bicycles, and so on. 
Rust Inhibiting Products, 5830 Stony 
Island Avenue, Chicago 37,  Illinois.­
Gratis. 

SAE HANDBOOK, 1944 EDITION, contains 
630 text pages of new and revised 

data on wartime industrial and techni­
cal progress in developing new meth­
ods and materials facilitating war pro": 
duction, with particular emphasis on 
standards, specifications, and classifica­
tions. Society of Automo.tive Engineers, 
Inc., 29 West 39th Street, New York 18, 
New York.-$5.00. 

PRECISION LOFTING is a brochure giving 
management, engineering, tooling, 

and production executives an insight 
into a new industrial lofting method 
for prOducing, with accurate mechani­
cally reproduced templates, a variety of 
products ranging from small parts to 
automobiles and aircraft. Template Re­
production Company, .401 North Broad 
Street, Philadelphia 8, Pennsylvania.­
Gratis. 

PRODUCTION REAMING TOOLS is a 32-page 
catalog on reaming operations and 

their effect on final cost, published for 
tool engineers, mallufacturers, and pro­
duction men. Many types of tools are 
described, with emphasis on simplicity 
of design and >operation. Request cat�­
log No. 21. The Madison ManufactUJ'ing 
Company, Muskegon, Michigan.-Gratis. 

()PEN STEEL 'GRATING AND STAm TREADS 
is a 24-page booklet showing the 

products in actual plant and building 
uses, with detailed construction par­
ticulars, drawings and tabular specifica­
tions, and full installation data for every 
requirement. William F. Klemp Com­
pany, 6601 South Melvina Avenue, Chi­
cago 38. Illinois.-Gratis. 

HYDRAULIC EqUIPMINT 
Available WithOllt Priority 

D., y.,u need the f.,llcrwins equ� f. 
}'<Jur lab4>ratMY ..., experimeUtal ..... 1 
We have available a smaIl qWUltity CIf DeW 
aircraft hydraulic: m.,tors ..... . pump- ...... fad1UeLOl by Denis<>n, Pesco and Vldr.ws, 
... d assortment of regal,,",rs. valvea,. fit­Unas and quick-diic_ct ae,If-oeodi .. 
couplings-. 
Als., several Kollsman Aircraft Telegu ... 
with power •. .,urce. Satorius Balance, H­
ki... portable Py ........ ter. Stainles, Steel 
Laboratory Cabinet. Vemco . DrafUnc 
Machine. Write for IUtiag. . 

Address Box 450 
SC I ENTIF IC AMERICAN 

24 West 40th St., New York 18,  N.  Y. 

POWERFUL TELESCOPE LENS KIT 
eo..sish 3" dianiefer '5" fOCWl objective -
50X ami l00X astrel10lllkal ey'!Pieces. Baildo 
six-foot refracting telescope. Guaranteed ·ohoW 
Moon'. era_a, nag Samra, � ... Jusm-, 
double star .. etc. While they List, 1I 1 .95 . pest­
paid. With 5 0X terrestrial eyepiece 112.95. AUo 
experimenters 16-piece optical kii--i.ct ....... 12 
... orte.d lens combining into numerous oPtical 
hook-up.. 11 1 .00. StamP brlnga literature -
tel .. c:ope coiutructioli plan. ...;. test chart fo. 
measuring definicion - power - &"ld, ... , 
telescope or binoculars. 

Pliltgor Optical Co., SA-12, '  Sunbury, Pa. 

How 
works 

tlte electro n 
for you 

Here is the kind o f  book you have been waitins 
f.,r � an ABC . book which will show any elec­
trical worker or salesman of electrical suppli.,. 
what electronics is all ,-_______ _ 
about. This book gives 
you simply - without formulas or much mathe­
matics - j ust what you 
want to know about elec­
tronic principles and 
their application in the 
manufacture and opera­
tion of industrial de- ' 
vices. 

lust Published 
A' P R I M E R  

o f  
E L E C T RO N I C S  

• The text i. cond.. By DON P. I:A YERL Y 
and written in 1811guage 
that anyone c... under­
stand yet is technically 
authoritative and com­
plete. 
• More th... 120 
specially prepared iIIus­
tratiODS are an important 
factor in the clarity of 
the· treatment. 
• The material hal srown 
Dut of the wiaely·!mown 
aeries of articles in Wholesaler;. Salesman. 
The book begins with the ::�g'ci = �r:{r"o':i ' ��� 
eharges and takes the 
reader step by step 

C<>mmercitll Engineer. Soyl"",,;' Electric 
Product" Inc. 

235 page., 5 �  " B Y> .  .II.utrflted, $2.00 

through explanation of electrlo 
'current, magnetism, and elec­
tromagnetic radiation. to an 
understanding of simple radio 
tubes. l1uorescent lamps, cathode 
ray tubes. Ignltron. thyratron. and other tubes and their basic connec­
tion. for practical purposes . 
- - - - - - - - � - - - - ... - - - -
FREE TRIAL-SEN D NO M O N EY-,lUST MAIL COUPON 
McGraw-BIU Book C o  • •  330 W. 42nd St.. N .  Y. C.  
Bend m e  Caverly's Primer o f  Elecuonies for 10 day.' 
examination . on approval. In 10 days I will I8Dd 
$2.00 plus few cents postage. or retum book postpaid, 
(Postage paid on cash orders.) 
Name . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . .  . 

Address . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

Olty and state . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 

Positien . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . , , 
Company . . . . . . . . .  , . . . . . . . . . . . . . . . . . . . . . . . .  SA-12-44 
- - - - - - - - - - - - - - - - - -
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Oar Book Corner 
THE BOOK DEPARTMENT of Scientific American is  conducted. with the 

co-operation of the Editors. to make available for you a comprehensive 

book service. Each month the Editors select and review in these columns 
new books in a wide range of scientific and technical fields. In, addltlon. 

they are ready at all tlmes to advise you regarding the best avatlable 

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. including prices. When inquiring 

about books. please be specific: remember that we can be of the greatest 

help only when you tell us just what you are looking for. Books listed 

in these columns may be ordered from our Book Department. Add 25 

cents per book for mailing outside U. S. 

TO MAKE CERTAIN that books ordered by or for men in the Army. 

lOcated in the United Stat�s. or men . in the Navy. Marines. or Coast 

Guard. located anywhere. will be delivered. insurance fees should be 

sent with orders. as follows: To $5 in value. lOt additional; from $5 to 
$25. 20¢: from $25 to $50. 30¢. 

VSES AlID APPLICATIORS OF CHEMICALS 
AlID RELATED MATERIALS 

By Tbomas C. Gregory 

PROVED world-wide demand for infor­
mation of the sort indicated by the 

title, presented in compact tabular 
form, has lead to the publication of 
this Volume 2, which complements and 
supplements Volume . 1 published in 
1939. The information is of specific 
interest to buyers, sellers, and users of 
chemicals and related materials. (459 
pages, 61/2 by 9 inches, unillustrated.) 
-$9.10 postpaid.-A.PP. 

THE VRliEBSE ABOURD US 

By Sir James Jeaas 

REWRITTEN by the author and reset in , 
a .  new edition, the fourth, this 

famous 15-year-old classic, which has 
passed the 75,000 mark in sale (for a 
scientific book this is phenomenal) but 
which had been becoming dated in re­
cent years, is now back and closely 
up to date. It is not a beginner's book 
in astronomy. but a s!,!mi-popular, semi­
scientific but most readable account of 
the science of astrophysics. Its content: 
Exploring the Sky; Exploring the 
Atom: Exploring in Time: Stars; Carv­
ing out the Universe;  The Solar Sys­
tem; Beginnings and Endings,. (297 
pages, 5% by 81/4 inches, 56 illustra­

' tions.) -$3.85 postpaid.-A.G.I, 

MORE ACIDS AlID BASES 

A Colleclioa 01 Papers 

THIS compilation of articles from the 
Journal of Chemical Education will 

interest many teachers and students 
of chemistry who found much of value 
in the original publication of "Acids 
and Bases" in 1941. (79 pages, 5 by 8 
inches, a few illustrations.) -$1.00 post­
paid.-A.P.P. 

AVIATIOR DICTIORARY 

By Cbarles A. Zweag 

A GREAT many well-selected terms 
are here defined clearly and amply, 

often to an extent where the definitions 
constitute a small but scholarly treatise 
on the particular word being defined. 
Hence the descriptive term Encyclo-

pedic Dictionary is fully justified and 
points up the difference between a 
m@ol'e dictionary and an encyclopedic 
dictionary. The subiect matter of. avia­
tion is well covered, with topics rang­
ing from Aerodynamics and Theory of 
Flight to Aircraft Engine Instruments 
and Civil Air Regulations. Short biog­
raphies of men who have contributed 
to the advancement of aviation are in­
cluded. (356 pages, illustrated.) -$6.10 
postpaid.-A.K. 

THE TECHRIQUE OF THE TERRAII 

By H. A. Masbam 

CONTENTS: map geometryf map con­. 
struction; units of measurement; 

drafting; conventional signs; scales ; di­
rection; . distance; relief; slopes; co­
ordinates; aerial photography; tactical 
topography; maps and logistics; mili­
tary geography. Despite these chapters 
this is not a book on making but 
rather on the thorough understanding 
of maps. (228 pages, 6 by 9 inches, 105 
illustrations.) -$3.95 postpaid.-A.G.I. 

LAKE MICHIGAI 

By Milo M. Quaile 

THE AUTHOR'S secretaryship of the 
, Burton Historical Collection, De-

troit Public Library, and his several 
previous works, undoubtedly have en­
abled him to serve with special distinc­
tion as editor of The American Lakes 
Series. With scholarly thoroughness, 
yet entertainingly, the ,earliest eco­
nomic trends and developments of Lake 
Michigan are told. The importance of 
that waterway in commerce and indus­
try of the mid-west, and its bearing on 
the inception and growth of great cities 
on its shores, are delineated in the light 
of their world importance today. (384 
pages, 51h by 81/2 inches, 32 illustra­
tions, index, bibliography.) -$3.60 post­
paid-A.D.R., IV. 

PLASTICS STOCK MOLDS 

IN addition 'to listing of current stock 
injection and compression molds for 

plastics, this edition of a comprehensive 
catalog includes extruded cross sec­
tions and laminated sheets, rods, and 
tubes. Illustrations show molded items 
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Special Clarislnac!. ,0&. (2 boOks f� the prite Of one) Learn Celestial Navigation 
at home or, If you are In Aviation, "brUsh up" ()D 
half-forgotten skills. Used 
at }layden Planetarium. 
I N T R. O D U C TI O N  T O  OJILBSTIAL NAVIGATION 
Ifl'EKEOPIX FOR CELEB­
TIAL NAVIGATION 

' 
(printed In ' color with 
three-dimensional lllustra­tlons with viewing glasses) 

Descriptive folder On request. , $1.00 postpaid 
ADDISON-WESLEY PRESS INC. 

Kendal l Sq. Bldg., Cambridge 42, M ass. 

Christmas Gift Suggestions 
"..-==��==:::::� Free Catalog 

This 60 page catalog 
will help you choose 
unusual and practi­
cal Christmas gifts. 
It also explains our 
Merchandise G i f t 
Certificate that we 
Issue In three de­
nominations, $2, $5, 
and $10. Most hun­
ters and fishermen 
prefer to select-thetr 
own equipment. 

L. L. Bean, Inc. 
Freeport 1 58. Maine 
Mfr.. Hunting and Camping Specialties 

WHAT IIIOUI.D 
YOU INYINT 
Our FREE BOOK tells you what today'. 
1nventive market - wants-how to put down, 
patent and sell your ideas. Scores of let­
ters in our files attest to the -modern de­
mand - for ' inventions--our long experience 
as Registered Patent Attorneys will help 
you. Get our FREE BOOK, "How to 
Protect. Finance and Sell Your Invention. "  
Also special document free, "Invention 
Record" on which to -sketch and describe 
your Invention. Write today. No obli­
gation. 

McMORROW & BERMAN 
Patent Attorneys 

1 7S-X Atlantic Bldg . •  Washington 4. D.C. 

Scientific American's 
IW8 leleSl;ope hooks 

AMATEUR TELESCOPE 

MAKING and 
AMATEUR TELESCOPE 

MAKING-ADVANCED 

were prepare4 before the war, with­
out the slightest thought of sale to 
professionals. Came the war. Hun· 
dreds of new optical industries 
.prang up. Fewer amateurs found 
time to make telescopes yet sales '. of 
these books increased! Investigation 
of sales revealed that the new indus­
tries were buying them ' by the hun· 
dreds 

For their Officials 
For their Technical staffs 
For their Workmen 

Why? 
Because the basics of precision pro· 
duction in epties are essentially the 
sa,me for amateur and professional 
alike. Today the two books are in , nearly every optical industry's effices 
in the nation. They "rate." 
Amateur Telescope Making $4.00 
postpaid, domestic ; foreign $4.35 
Amateur Telescope Making-Ad­
vanced $5.00 domestic ; foreign $5.35 
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BOOIS MAKE IDEAL 
CHRISTMAS GIFTS 

Select practical , 
worth-while gifts 
from this list  of 

Best Sellers in Science 
They are recommended 

By The Editors 
EXPERIMENTAL ELECTRONICS - By Ralph 

H. ,Muller, R. L. Garman, and M. E. Droz. 

A solid book of eminently practical information on 

the characteristics and non-communication applica­
tions of electron lubes. The text describes experi­

ments and presents results. For students, radio 

engineers', communications experts, and the serious 

general reader. $4. 75 

PRISM AND LENS MAKING - By F. Twyman. 

A wide variety of notes based upon a long lifetime 
of practical optical shop work. Not a full fJtep.by­
step manual hut a valuable working 

,
aid, to the ad­

vanced telescope maker and others in optical work. 

While the text deals ostensibly with, professional 
quantity production, much of it is basically - applic­
able to single-piece work_ $4.60 

PLASTICS - By J. H. Dubois. Revised enlarged 
edition of an important work on the whole gen­
eral subj ect of plastics, plus much new material 
on synthetic rubber, manufacturing processes, and 
plastics molding_ $3.85 

INTRODUCTORY PSYCHOLOGY By Law. 
ren.ce A. Averill, Ph.D. How to study, pay atten­
tion, think, learn, remember, meet obstacles, and 
develop a healthy mind. character, and perso$���� 
PLASTICS, PROBLEMS AND PROCESSES - By 
Mansperger and Pepper. The whole story of plas­
tics, including a resume of manufacturing processes 
and a 'number of thorough-going chapters devoted to 

·plastics uses. $3.10 

FUNDAMENTALS OF ELECTRICITY - By .. 
StaJl oj Electrical Experts. Although designed to 
supply men about to enter military service with a 
foundation for further training, this text will serve 
a similar purpose for anyone desirous of acquiring 
such knowledge. $2.1 0 

ELECTRONIC PHYSICS - By Hector, Lein, and 
Sconton. A simplified text for thQse who desire to 
acquire a sound basis for following the advance of 
applied electronics. . $3.85 

A LABORATORY MANUAL OF PLASTICS AND 
SYNTHETIC RESINS - By G. F. D'A.lelio. 
How to prepare many of the well-known resins and 
plastics in the laboratory. Understanding of the 
text requires a knowledge of organic chemis;try. 

$2.10 

FUNDAMENTALS OF OPTICAL ENGINEERING 
-By _ Donald H. lacobs. This new work starts 
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 design. 
Author is a physicist at Bureau of Standards_ $5.10 

FUNDAMENTALS OF PERSPECTIVE - By 
Theodore DePostels, 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 
subjec,t. 20 loose sheets in, binder. $2.60 

MACHINERY'S HANDBOOK - 1 2.h Edition. 
"Bible of the mechanical industry," 1815 p'agea 
of latest standards, data, and information required 
daily in the shop and drafting room. $6.10 

PROCEDURES IN EXPERIMENTAL PHYSICS -
By lohn Strong, Ph.D. A wealth of usef-lil data 01 
a practical kind for the constructor. experimenter, 
and skilled craftsman. $6.80 

STEEL SQUARE POCKET BOOK - By Dwigh. 
L. Stoddard. Practical methods for using the car· 
penter's steel square for layout work of all kinds. 
Time-tried methods used by two generatioIls of car· 
penters and found both rapid and accurate_

. 
$1.00 

A MANUAL OF MECHANICAL MOVEMENTS -
By W. M. Clark. Presents fundamen:tals -on whieh all 
machines are built. 400 illustrations and 160 photo· 
graphs of models demonstrating mechanical principles 
supplement the text. 82.10 

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

$2�8ii 

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

GENERAL CHEMISTRY - By H. G. Deming. 
For those who have already studied college chem­
istry, this book will give an excellent, up-to-date 
review. Some war-time industrial .lantl have been 
included. $3.85 

TECHNIQUE OF PLYWOOD - By Charles B. 
Norris. Technical information on all phases of ply­
wood manufacture and use, compiled for engineers, 
designers, and users of plywood. Important to 
many phases of wartime housing and manufacturing 
problems. $2.50 

SLIDE RULE SIMPLIFIED - By C. O. Harris. 
How �o use a - slide rule without any of the mystifi· 
cation that often surrounds this important tool of the 
engineer_ ExceUent illustrations make everything 
clear. $3.60 including a slide rule ; for book' alone. 

$2.60 

THE ELECTRON MICROSCOPE - By Burton 
and Kohl. A well-written account of this newes1 
tool of science, with all technicalities explained for 
complete understanding by average person. $3.95 

A COURSE IN POWDER METALLURGY - By 
Walter 1. Baeza. A sound view of the overall sub· 
j ect  of powder metallurgy which will serve as an 
excellent guide and reference book. $3.60 

OPTICAL WORKSHOP PRINCIPLES - By Col. 
Charle. Deve. War-time translation of a French 
work on precision shop optics, with heavy ' emphasis 
on actual handiwork. Cover glass, abrasives, cements. 
mechanical theory of working optical surfaces, reti­
cules, aluminizatioDt and 80 on. $6.10 

HANDBOOK OF CHEMISTRY A� PHYSICS -
A classic reference book recently revised and- brought 
up-to-date to keep pace with recent research. In­
cludes material on all branches of chemistry, physic.e 
and allied sciences. Used in laboratories and by 
engineers throughout the country. Flexible binding. 
2571 pages. $4.10 Foreign $4.50 postpaid 

ATOMIC ARTILLERY - By John Kelloch 
Robertson. Electrons, protons, positrons. photons, 
neutrons, and cosmic rays, all described for the 
layman in plain language. Also transmutation of the 
elements and the manufacture of artificial radio 
activity. $2.35 

• The above prices are postpaid in the United States. Add, on foreign orders, 
25f! for postage on each book, except as noted. • 

For Sale by: December. 1 944 

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

I enclose $ . . . .  for which please forward at once the followinq books: 
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Address 

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

fot which molds are in existence, to­
gether with brief descriptions and di­
mensions. Added to this are listings 
of functional shapes, standard shapes, 
and special shapes. Sources of supply 
are given. (168 pages, 8% by 10 inches.)  
-$5.10 postpaid.-A.P.P. 

A TREATISE OR TilE THEORY OF 
BESSELL FUNCTIORS 

By G. R. Walson 

AGAIN this widely known work is . available, in a second edition. 
Minor errors and misprints have been 
eliminated but discoveries made since 
the first edition in 1922 have not been 
embodied. (804 pages, 7% by 10 inches. 
33 figures.) -$15.25 postpaid . .,-A.G.l. 

COURTERFEITrRG 

By Laurence Dwighl Smilh 

ROUNDED exposition of the general 
subject of counterfeiting: how 

genuine United States currency is made 
qnd how counterfeiting is done; how 
to detect counterfeits ; a few stories of 
counterfeit crime; work of the Secret 
Service ;  examples of genuine and 
counterfeit engraving showing all the 
different kinds of work that go into 
a bill. The author had the co-opera­
tion of the Secret Service, the Mint, 
and the Bureau of Engraving and 
Printing in preparing this practical all­
around treatise. (254 pages, 4% by 
8% inches, nine illustrations.) -$3.60 
postpaid.-A.G.I. 

AR EDUCATIORAL GUmE IR AIR 
TRARSPORTATIOR 

By Ralph E. Binkel and Leo BarOD 

THE main objective of the text of this 
little volume is to describe jobs in 

the aviation industry and to present 
vocational descriptions for the guid­
ance of those who look to the future 
of air transportation for possible 
careers. Included is a brief survey of 
aviation and an orientation course in 
air transportation. (140 pages, 6 by 9 
inches, illustrated.) -$.85 postpaid.­
A.P.P. 

THE ASK'LEY BOOK OF KROTS 

By Clillord W. Ashley 

S
O COMPREHENSIVE was a large knot 

book reviewed here last year that 
it seemed the ne plus ultra, yet it now 
has been surpassed by a wide margin, 
not merely in number of knots, bends, 
hitches, splices, and sinnets (3853 as 
against 3257) but mainly in other ways. 
The author is a facile sketch artist 
and shows, by means of 7000 drawings, 
how the knots are tied. He is a writer, 
(author of "The Yankee Whaler") and 

makes his subj ect fascinating and 
humorous, tells yarns, explains the 
physics of knots, and so on. He was 
once a whaler. To collect his knots he 
spent 40 years, and to write his big 
book he spent 11 years. One chapter re­
veals a repertoire of trick knots to keep 
informal gatherings . and friends mysti­
fied-a little showmanship. (620 pages, 
8% by 11 inches, 7100 illustrations.) ­
$7.75 postpaid.-A.G.I. 
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T e l e s c o p l i c s 
A Monthly Department for the Amateur Telescope Maker 

Conducted by A L B E R T  G .  I N G A L L S  
Editor .f the Scientiflc Americon lOook. "Amateur Telescope Making" 

and "Amateur Telescope Making-Adv:anced" 

Two months ago, in this department 
ih the October number; Norbert J. 

Schell, 1019 Third Avenue, Beaver 
Falls, Pa., presented the fundamentals 
of the new type of telescope invented 
by D. D. Maksutov of the State Optical 
Institute, Moscow. In the following 
article, he concludes that discussion 
for th,e immediate present. In the mean'" 
time 13 advanced amateurs, whom we 
have dubbeq "The Mak Club," though 
there really ' is no formal organization 
other than a common interest and con­
sciousness of a common, parallel aim, 
have ordered 8.2" disks (slightly larger 
and more finished:-molded roughly to 
curve-than was mentioned two months 

; agC?) of optical glass of suitable spe­
cifications from Corning Glass Works, 
with which to make the ' thick meniscus 
lens which, with a spherical primary 
mirror, is the basic part of the Maksu­
tov telescope. "The Mak Club" is open 
to all martyrs , to science who wish to 
be pioneers, and more glass is said to be 
available, the disks alone at $32.50 or 
with a grinding tool of similar deep­
curved shape and non-optical glass, at 
$40. Schell's discussion follows: > 

, In the first article on the new Mak­
sutov type of telescope, in the Odtober 
number, which was necessarily of , a 
general nature, it was possible to men­
tion only certain of this telescope's 
features. Since Maksutov has offered 
his design as a solution of the problem 
of producing a telescope having a wide 
field of good definition, free from 
chromatic aberration and at the same 
time possessing the ' important ad­
vantages of simplicity and ease of con­
struction-features not found in any 
previous type-it is felt that a further 
and more detailed analysis of its op­
erating principles Should be made in 
this secon<i. ,articl�. �t is hoped that, 
by this means, and as a supplement to 
the first article, the working principles 
will be covered, and that the two ar­
ticles will serve as a foundation for 
later discussions. 

CORRECTING ACTION-As stated in the 
first article, in the Maksutov telescope 
the negative spherical aberration of 
the spherical mirror is compensated by 
the positive spherical aberration of 
the meniscus lens. This is accomplished 
as a part of the overall diverging ac­
tion of the lens. In the example given, 
of an 8" aperture, t/4 system, the radius 
of the mirror was stated to be 65.856".  
If this mirror were reflecting incident 
parallel light, the rays from a very 
small area at its center would come 
to a focus at a distance of half its 
radius, or 32.928",  while the rays from 

a zone of 8" diameter would have a 
focus of .122" shorter, or 32.806" .  (This 
is in accordance with our familiar 
formula of r2/2R, where r is radius 
of zone and R radius of mirror;) In 
the Maksutov, however, the distance 
S from mirror to focal plane comes out 
as 33.6" . From this it can be seen that 
the meniscus acts as a negative lens, 
diverging the rays and lengthening the 
distance from mirror to focal plane for 
all zones including the center. The ac­
tion gradually increases from the cen­
ter toward the periphery, so that the 
rays from all zones are brought to 
(practically) the same focal plane. In 

this case, within tolerances mentioned 
below, we can consider the minimum 

amount of lengthening to be .672" at 
center, and the maximum .794", at 
outer zone, indicating the effect of the 
longest and shortest negative focal 
lengths, respectively, of the lens; in 
other words, its spherical' ,aberration. 
(I am indebted to J. H. King for the 

information that designers usually re­
fer to a weak lens of this kind as a lens 
of "zero power"-a point well taken 
and worth remembering.) 

"RESIDUAL ABERRATION8--In the Mak­
sutov system, with spherical surfaces 
on both the meniscus lens and mirror, 
an overall correction is attained in the 
above manner, but it is not possible to 
secure an exact theoretical correction 

' for , all zones, nor for all wavelengths 
of light, and thus residual aberrations, 

· both spherical and , chromatic, remain. 
The ' extent of these residual aberrations 
determines the upper limits of aper­
ture-focal ratios and aperture dimen-

· . sions possible without deterioration of 
· image quality. 
· In determining the effect of theoreti­

cal (or actual) aberrations on image 
quality, :we must take into considera­
tion the maximum resolving power of 
any given aperture as associated with 
the wavelength of light. Briefly, it has 
been ' shown by mathematical methods 
that, in a theoretically "perfect" optical 
system, the image of a point source 
does not conform strictly to geometric 
proportionS, but consists of an inter­
ference pattern having a central con­
centration, or disk, of finite size, sur-
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rounded by so-called diffraction rings, 
with most of the -light in the disk; a;nd 
that the diameter of the disk is in­
versely proportional to aperture diam­
eter with a given wavelength of light. 
This disk is also known as the "Airy" 
disk. It has also . been shown that if 
any aberrations in an optical system 
do not result in optical path differences 
between source and image greater than 
plus or minus Y4 wavelen� . of light, 
they will cause neither a noticeable 
change in the size of this disk nor in 
its relative intensity. In aiming for 
unimpaired· image quality, aberrations 
within the above limits may therefore, 
be considered as allowable tolerances: 

SPHERICAL ABERRA'li:ON-The control 
of residual aberrations consists of such 
adjustment of the design factors as to 
bring about a balanced correction with 
respect to a plane of "best focus," 
which may be referred to as the "focal 
plane," having as nearly as possible 
a minimum variation for - different 
wavelengths of light and a minimum 
tendency to produce coma. It is obvious 
that, where there are differences, the 
"focal plane" will fall somewhere be­
tween the shortest and longest focal 
lengths. The differences may be termed 
displacements, either plus or minus, 
relative to the "focal plane." While 
spherical aberration concerns theoreti­
cal focal lengths of different wave­
lengths for the various zones of the 
aperture, a satisfactory balance can be 
found by adjustment for a single inter­
mediate wavelength; provided chro­
matic dispersion is also balanced as Wi11 
be described. By calculating the theo­
retical longitudinal displacements of 
focus for different zones in terms of 
angular dimensions, the "focal plane" 
is established as the plane in which 
equality of angular abeJ.'.l'ation is 
found for the extremes of su�h aber­
rations both plus and minus. The aim 
of the adjustment is to reduce the 
angular aberration at the "focal plane" 
to a minimum. 

In the design data given in the 
October article for the t/4 system, the 
minus extreme (corresponding to 
shortest focal length) is identified with 
the 85 percent zone of aperture, and 
two identical plus extremes with the 
35 percent and 100 percent zones. The 
"focal plane" lies between the focus 
for the 85 -percent zone and that for the 
100 percent , zone. (The focal lengths 
of the 35 percent and 100 percent zones 
are not identical, as angular aberra­
tion decreases with aperture.) This ad­
justment is the best possible for 
spherical surfaces, as given by Maksu­
tov, and is perfectly logical, but a 
fuller treatment will have to be post­
poned until such time as a mathemati­
cal discussion can be prepared. 

CHROMATIC ABERRATION-As the 
meniscus lens is a single lens, it is nat­
ural that the question of its chromatic 
dispersion should arise, even though it 
is understood that this lens has a very 
long focus and therefore causes little 
dispersion. It is obvious ' that consid­
erable variation in chromatic aberra­
tion could be expected, in a system 
of this kind, among lenses having dif-
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COMPLETE' HIIB-GRADE KITS 
OUR SPECIALTY 

Bach kit has two glass discs 
(correct thickness ) tempered 
pitch, 8 assorted abrasives 
including rouge (fewer may 
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face ) ,  instructions, FRBB 
ALUMINIZED D!lAGON­
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6;' . . . . . . . . . . . . . . . . . . . . . . .  $2.50 
8" . . . . . . . . . . . . . . . . . . . . . . .  $3.50 

10" . . . . . . . . . . . . . . . . . . . . . . . $5.00 

Mirrors for Cameras, Range Finders 
and other optical instruments. 

Write . for FREE ILLUSTRATED CATALOGUE 
THE PRECISION OPTICAL CO. 

tOOl East 1 63rd Street 
New York 59, N. Y. 

RE.FLECTING TELESCOPE KITS 
OUR SPECIALTY 

PARABOLIC PYR�X MIRRORS Made to order. 
correctly figured, polished, and paraboltzed. Precise 
workmanship guaranteed. Prices - on request. WE DO POLISHING, PARABOLIZING, AND 

ALUMINIZING 
Send for FREE ILLUSTRATED CATALOGUE 

M. CHALFIN 
G.P.O. Box 207, New York, N. Y. 

TELESCOPE 
MAKERS 

Quality materials of the RIGHT kind. 6' Ktt:-Glass, abrasives, pitch, _ rouge, and 
instructions . • • . . . • • . . • • • • • . . . . . . • . • • . . •  $5.00 HOBBYGRAFs-I N FORMATION-INSPECTION 
We oll'er yOU the benefit of 0111' 24 :reara of experience at this hobby. Send for free 
price list. John M. Pierce, 11 Harvard Sl, Springfield, Vl 

ALUMINIZED 
SURFACE HARDENED COATINGS 

Get the BEST. No change in prices. 
PRECISION PLUS 

ALUMINIZED DIAGONALS, Rectangular, 
pitch polished flats, ,_suitable for 4" short focus 
and 6" and 8" long focus scopes. 1 0/8 "  X 1 0/8 ". 

Price, flat to V2 wavelength $2.50 ea., flat 
to '!4 wavelength $3.50 ea., flat to 1 / 1 0  wave,­
length $5 .00 ea. 

LEROY M. E. CLAUSI NG 
5507-5509 Lincoln Ave. Chicago 25, I I I .  

A Popular Illustrated 
. Astronomical Monthly 

For amateur astronomers - new star 
charts, Gleanings for telescope makers, 
page for observers, and celestial photos. 
$2.50 a year, domestic; $3.00 in Canada. 

Sin"le copy, 25 cents. 

SAMPLE COpy ON REQUEST 
SKY PUBLISHING CORPORATION 

Harvard Observatory, Cambridge 38, Mas •• 

286 

ferent design characteristics. Maksutov 
found that, if the lens was made of 
sufficient thickness and suitable radii, 
chromatic aberration could be elimi­
nated · at the focus of a certain chosen 
zone of the aperture and held to a neg­
ligible amount for other . zones. 

The action for this zone is shown in 
schematic form in the drawing. The 
usual spectral lines C (in the red) and 
F (in the blue) are shown, since the 
brightest part of the visual spectrum 
falls between these line�. The F line is 
refracted more than the C line and 
consequently diverges more after pass­
ing through the lens, so that it reaches 
the mirror at a point where it is re­
flected at a greater angle than the C 
line and thus meets the C line on the 
axis. For zones outside of the zone 
indicated, the C and F lines cross be­
fore they arrive at the axis, and for 
the inner zones they do not meet before 
crossing the axis. In the design data 
given, this zone is near the zone of ex­
treme minus spherical aberration for 
mid-wavelength, previously mentioned. 
Stated differently, the dispersion, rela­
tive to this zone, is over-corrected 
for outer zones and under-corrected 
for inner zones. 

This (corrected) zone is chosen so 
that the dispersion on either side of 
it, at maximum, is approximately the 
same with respect to theoretical angu­
lar dimensions at the focal plane. 
Actually, the dispersion (within the 
above limits) represents the difference 
between the residual spherical aber­
rations for the C and F lines and, 
when distributed as indicated, consists 
of only a fraction of the total aber­
ration. 

DESIGN LIMITS-If the aberrations are 
controlled and minimized in the above 
manner, the allowable tolerances first 
mentioned fix the upper limits for de­
sign with maximum resolving power. 
These limits are those given in the 
table with the first article, and it is 
felt pardonable to repeat that they ap­
ply to spherical surfaces only. It is 
well, however, to consider that these 
limits are theoretical and, as such, can 
be expected to be attained with unim­
paired image quality only if the glass 
specifications as well as radii and 
thickness dimensions are exactly real­
ized. It is obvious that a departure 
in any of these factors will have the · 
effect of widening the aberrations to 
some extent. On the other hand, as 
may be inferred from the table, the 
aberrations quite rapidly become 
smaller than the tolerances for resolv­
ing power as the aperture-focal ratio 
is reduced below the indicated upper 
limit for a given aperture. By taking a 
somewhat smaller aperture-focal ratio 
than the upper limit, in an actual 
design, we secure the advantage of a 
certain amount of tolerance for glass 
characteristics as wen as for radii 
and thickness, which is highly desir­
able from a practical standpoint. 

It is hoped that the amount of free­
dom in this respect can be determined 
and made available as a guide within a 
reasonable time. The very attractive 
prospect of producing a telescope 
capable of superlative performance, re-

qumng nothing more difficult than 
spherical surfaces of a reasonably ac­
curate radius, would seem to dictate 
the logical choice of design. 

COMA AND FIELD CURVATURE-It is 
not feasible to outline coma without 
a more or less complete mathematical 
treatment, which present space does 
not permit; however, it can be under­
stood in the Maksutov by comparison 
with the action in the Schmidt camera. 
It will be recalled that the correcting 
plate in the Schmidt is located at the 
center of curvature of the mirror, and 
for that reason light from any part 
of the field is reflected symmetrically; 
consequently · coma is not produced. In 
the Maksutov, while the lens is not lo­
cated as far from the mirror, the ac­
tion is similar, and coma is reduced 
to a negligible quantity over a wide 
field. In the data previously given, 
for the f/4 system, a field diameter of 
upward of two degrees is indicated 
without noticeable coma. 

This brings up the question of field 
curvature, which was not · previously 
mentioned. in this respect the Maksu­
tov is again similar to the Schmidt 
camera; while its field is curved, the 
curvature is convex toward the mirror. 
This is the opposite to that · in ordinary 
telescopes and should be of advantage 
in visual instruments, especially for 
short focal lengths, as the field curva­
ture, concave toward the eyepiece, will 
be in the same direction as that of 
usual eyepieces, providing a closer 
"match" between their fields. 

APPLICATION-Pending further de­
scriptions of more complex designs 
available with this system, a final word 
is lldded regarding the possible appli­
cations of the fundamental system so 
far mentioned. As it is a corrected sys­
tem, it can be considered and used 
the same as a corrected mirror, in 
any of the following applications: 

1: For direct photography, with con­
vex sprung films. 

2: As . a  Newtonian, with diagonal, 
and so on, in any of its forms, and 
should be an exceptionally good "Rich­
est Field" instrument; of course, with 
suitable eyepieces for this purpose. 

3: As a primary for a Cassegrain­
in which case the secondary would 
have to be corrected to hyperbolic 
form in the regular manner. 

4: As a primary for a Gregorian­
also with corrected secondary of usual 
elliptical form. 

. 

5: Off-axis forms. Since what is 
true of the whole is true of a part, a 
section of diameter representing some­
what less than half of the full aperture 
in the fundamental design, wholly on 
one side of the axis, will function with­
out any obstruction in the light path. 
This achievement, with spherical sur­
faces, requires special constructional 
considerations, also reserved for fu­
ture articles. 

In both the Cass and Greg, as men­
tioned above, the, secondary focal 
planes would not be free of coma over 
as wide a field as at the primary focus, 
but this should not be noticeable in 
the smaller fields usually available in 
such instruments. 
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Tracer, speeds macbiDing . . . . . . . . . . . . . .  162 
Yam twist setting . . • . . . . . . . . . . . . . . . . . 78 

Electroplate, bright . . . . . . . . . . . .  ' .  . . .  . . . . .  201 
Electroplating computer . . . . . . . . . . . . . . . . 40 
Ellipse guides . . . . . . . . . . . . . . . . . . . . . . .  . . . 139 
Engines: 

Cooling . . . . . .. . . . . . . . . . . . . . . . . . . . . . .  . 

Improved . . . . . . . . . . . . . . . . . . . . . . . . . .  . 

Indicator . . • . . . . . . . . .  , . . . . . . . . . . . . . . . 

Of war . .. . . . . . . . . . . . . . . . . . . . . . . . .. . .  . 

Why enginea knock . . . . . . . . . . . . . .  " . . .  . 

Engineering, post-war . . . . . . . . . . . . . . . . .  ' . 

Enzymes, industrial . . . . . . . . . . . . . . . . . . . .  . 

Etcher and demagneti%er . . . . . . . . . . . • . . . .  
Extrusions, aluminum-bronze . . . . . . . . . . .  . 

- F -
Fabrics: 

1 1 1  
2 24 

75 
1 2 8  

. 262 
225 

85 
39 

201 

Changes by chemical research . . . . . . . . . .  204 
. Chemical guardians of . . . . . . . . . . .  . . . . .  1 63 

Glass in . . . . . . . . . . . . . . . . . . . . . . . . . .  146, 266 
Pliable . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  35 

Fac;ng tool . . . . . . . . . . . . . . . . . . . . . . . . . . . .  2 79 
Farm-waste plastics . . . . . . . "  . . . . . . . . . . . .  1 2 4  
Ferrets a t  work . . . . . . . . . . . . . . . . . . . . . . . . 8 1  
Fiber bomb bands . . . . . . .  . . .  . .  . .  . .  273 
Fighting factory fires . . . . . . . . . . . . . . 55  
Filing: 

Faster . . . . . . . . .  . . . . .  . . .  . .  . .  . . . .  207 
Tool . . . . . . . . . . . . .. . . . . . . . . , . . .  86 

Films:. . Anti-corroslon . . . . . . . . . . . . . . . . . . . . . . . 4 1  
Sound on . . . . . . . . . . . . . . . . . . . . . . . . . . . .  162 
Storage . . . • . . . . . . . . . . . . . . . . . . . . . . . . .  181  

Fire fighter . • . . . . . . . . . . . . . . . . . . . . . . . . . . 4 1  
Fire!': 

. • . Air condltiorung . . . . . . . . . . . . . . . . . . . . . .  1 7 7  
Factory, fighting . _ . . . . . . . . . . . . . . . . . . . 55  

Fire-proof upholstery . . .  . . . . . . . . . . . . 1 2'9  
Fixtures, "flat top" . . . . . . . . . . . . . . .  : 89 
Flame sprayed : 

Bronze on steel . • . . . . . . . . . . . . . . . . 39 
Plastics . . . . •  _ . . . . . . . . . . . . . . . . . . . . . . .  194 

Flame treating metals . . . . . . . . . . . . . . . . . .  1 03 
Flats and monolight . . . . . . . . . . . . . . . . . . . . 86 
Flaw finding, electronic . . . . . . . . . . . . 261 
FloOrs, tough . . . . . . . . . . . . . . . . . . . . . 275 

DECEMBER 1944 SCIENTIFIC AMERICAN 

Fluorescent: Envelopea . . . . . . . . . . . . . . . . . . . . . . . . .  " 130 
Inspection'. . . . . . . . . . . .  . . .  . . . . . . . . . . . . 82 
Pigments.. . . . . . . . . . . . . . . . . . . . . . . . . . . . 214 

Fluorine in tooth d�ay . . . . . . . . . . . . . . . . . 1 5  
FluoroscOpy, speeds x-ray examination/ . .  _ 261 
Fluxmeter . . . .  . .  . .  . .  . . . . . . . . . . . . . . . . . . • 38 
Foam plasticS . . . . . . . . . . . . . . . . . . . . . :. . . . 224 
Food: 

Dehydration . . . • . . . . . . . . . . . . . . . . . . . . .  1 7 2  
Heating . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  2 1 0  

Foot yalve! thr�-way . . . . . . . • . . . . . . . . . .  233· 
Formmg VlSC, ngger's . . . . . . . .  . . .  . .  . . . . . 40 
Frequency meter . . . . .. . . . . . . . . . . . . . . . . . . 41 
Fuels, liquid • . . . • . . . . . . . .  ' . . . . . . . . . . . . . .  146 
Fungus-resistant coating . . . . . . . . . . . . . . . .  230 
Furniture, wood and . . . • . . . . . . . . . . . . . . . . 98 

- G -
Gages: 

Grinding . . . . • . • • . . . . . . . . . . . . . . . . . . . .  
Low presaure . . . . . . . . . . . . . . . . . . . . . . .  . 

Saw-tooth . • . . . . . • . . . . . . . . . . . . . . . . . . .  
Gas turbine . • . . . . . . . . . . . . . . . . . . . . . . . . .  

Future . • . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Gasoline: 

r��=: : : : : : : : : : : : : : : : : : : : : : : : : : : :  
Motor-car • • . . . . . . . . . . . . . . . . . . . . . . . . .  

G181I8 : ' 

88 
185 

41 
157 

82 

194 
78 

226 

Bearings . . .  '. • . . .  . .  • . . . . . .  . .  . .  . .  . . . . .  36 
Detenderizing . , . . . . . . . . . . . . . . . . . . . . . 73 
Fiber insulation . • . . . . . . . . . . . .  . .  . .  . . . .  :U8 In fabrics . . . . . . . . . . . . . . . . . . . . . . . . 146, 266 
Plastics reinforced by . . . . . . . . . . . . . . . . . 28 

Gliders, future of. . . . • . . . . . . . . . . . . . . . . . .  2 1 1  
Glove guard . . . . .  . .  . . .  . . . .  . . . . . .  . .  . .  . .  . .  187 
Glu�line temperature . . . . . . . . . . . . .  . . . . . .  29 
Glues: 

. 

Cold padding . • . . . . . . . . . . . . . . . . . . . . . .  

Farm • • . • • . . • • . . . . . . . . . . . . . • . . . . . . . .  
Low-temperature . . . . . . . . . . . . . . . . . . . .  . 

Goggles,. all-plastic . . . . . . . . . . . . . .  ' . . . . . . • 

��:i/:�: : : : : : : : : : : : : : : : : : : ' "  . 
- H -

Hand hone, diamond . . . . . . . . . . . . . . . . . .  , 
Heat treatment: " 

38 
229 
233 

41 
88 
88 

40 

ContinuoUs . : . . . . . . . . . . . . . . . . . . . .  124, 169 

::"i��":&g: .' : : : : : : : : : :  : :  : : : : : : : : : :  ��� 
Heater: 

�:..� .. .. : : : : : : : : : : : : : : : : : : : : : : : : : :  
Truck . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 

Heating: 
Backward . . . . . . . . . . . . . . . . .. . .. . . . . .  . 

Flexible units . . . . . . . . . . . . . . . . .  ' . . . . . .  . 

Tanks, portable . . . . . . . .  , . . . . . . . . . . . . . . 
Helicopter, Piasecki . . . . . . . . . . . . . . . . . . .  . 

Helium output . • . . . . . . . . . . . . . . . . . . . . . . .  

Helmets . . • . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Highwaya: 

234 
38 

272 

219 
276 

90 
168 
124 
1 53 

Interregional, creation of : . . . . • .  ' . . . . . .  : 18 
Post-war • • •  ; . . . . . . . . . . . . . . . . . . . . . .  16, 133 

!food, protective . . . . . . . . . . . . . . . . . .  ; . . . . 89 
Hosea, resin . . . • . . . . . . . . . . . .  : . . . . . . . . . .  32 
Housing, prefabricated houaea . . . . . . . . . . . .  98 
HYdraulic :  

Accumulator . "  . . . . . . . . . . . . . . . . . . . . . . . . 

Barker, debarks pulpwood . . . . . . . . . . . .  . 

Gun • . . • • • . . . . . . . . . . . . • . . . . . . . . . . . • . 

Speedpresa . . . . . . . . . . . . . . . . . . . . . . . . .  . 

i:.;.d�s·:::: : .' : : : : : : : : : : : : : : : : : 
- 1 -

233 
1 7 2  
2 7 7  
276 

87 
SO 

I
C�or surgery . . . . . . . • . . . . . .  : . . . . . . . . . . . i81 

Softer . . . . . . . . . . . . . . . . . . . .  . .. . . . . . . . . .  220 
Industrial doll-houses . . . . . . . . . . . . . . . .  ; . .  222 
IDdustrial enzymes . . . . . . . . . . . . . . . . . . . . . 85 
Industrial reaear<:h : . • . . . . . . . . . . . . . . . . . . 50 
Insect control . .- . .. .. . . . . . . . . .  , . .  . . . . . . . .  

1
173

8' FiDe dusts in . . . . . . . . . . . . . . . . . . . . . . .  . 

Inspection: 
Bottle, electronic . . . . . . " .  . . . . . . . . . . . . . 1 2  
Fluorescent . . . . . . . . . . . . . . . . . . . . . . . . . . 82 
X-ray, eXpedited . . . . . . . . . . . . . . . . . . . . . 34 

Instrumentation, progreas in . . . . . . . . . . . . .  166 
IDsulation : 

Glass fiber . . . .  . .  . . . . .  . . . . . . . . . . . . .  . . .  2 18 
Wire . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  222 

Ion exchangers . . . . . . . . . . . . . . . . . . . . 154, 252 
Irp'�rest . . . . . . . . . . . . . . . . . . .  . ' . . . .  . . . . . .  2 20 

Sponge . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  255 

- L -
Ladders . . . . . . . . • . . . . . . . . . . . . . .  . ' . . . . . . . 57 
Landing craft, testing . . . . . . . . . . . . . . . . . . .  2 2 2  
Len . .  cleaning . .  , • • • . . . . . . . . . . . . . . . . . . . . 87  
Lighting, bridge . . . . . . . . . . . .  , . . . . . . . . . . . 18 
Liquid fuels . . . . . . . . . . . . . . . . . . . . . . . . . . .  146 
Luminescent pigm,ents . . . . . . . .  . .  . . .  . . . . .  2 1 4  

- M -
Magnetic: 

Flow theory . . . . . .  . . .  . .  . .  . .  . . .  . 13 
Sweepers . . . . . . . . . . . . . . . . . . . . .  . . . . . . .  1 14 

287 



Mail sorting, electronic . . . . . . . . 63 
Manikins, aid in aircraft design . . . . 1 8 2  
Manometer, precision . . . . . . . . . . . . . 8 7  
Marker, round bar . . . . . . . . . . . . . .  . . 1 8 7  
Marking: 

Graduated scales on machine tools . . 249 
Metal. . . . . . . . . . . . . . . . . . . . . . . . . . .  . 40 
Shaft . . . . . . . . . . . . . .  . . . .  . • . . . . . . .  . 90 

Material handling . . . . . . . . . . . . . . . . . . . 1 3 1  
Melamine . . . . . . . . . . . . . . . . . . . . . . . . . . . .  2 5  
Metal .. engineering, out$tanding develop-

ments . . . . . . . . . . . . . . . . . . . . . . . . . . .  20 1  
Metal powders . . . . . . . . . . . . . . . . . . .  . . 1 53 
Metal tonnages, compared . . . . .  . . . .  . . 4 2  
Metal washer . . . . . . . . . . . . . . . . . . . . . 234 
Metallizing gun . . . . . . . . . . . . .  . . . 136 
Microfilm reader-projector . . . . . . . . 84 
Mildew-killer . . . . . . . . . . . . . . . . . . 133 
Milling, steel . . . . . . . . . . . . . . . . . . 30 
Models, transparent . . . . . . . . . . 2 
Molds, Permanent . . .  . . . . . .  5 7  
Motors, wind-tunnel . . . . . . . 30 

- N ­
National Emergency steels . 
Natural-aging aluminum alloy . 
Nonferrous metals tomorrow . . . 

- 0 -
Oils: 

Heavy-duty . . . . . . . . . . .  . 
Shortage, possibility . . . .  . 

Ore thawing . . . . . . . . . . . . . . . .  . 
Overarm, milling machine . . . .  . 
Oxy-acetylene flame . . . . . . . . .  . 
Oxygen, man against . . . . . . .  . 

- P -
Package sealer . . . . . . . . .  . 
Packaging, aluminum . . . . . . . .  . 
Packing, synthetic . . . . . . . . . . . . .  . 
Paper, ubiquitous . . . . . . . . . . . . .  . 
Peace through science . . . . . . . . . .  . 
Penicillin : 

Electronic dryer speeds production . 
Production . . . . . . . . . . . . . . . . . . . . .  . 

Petroleum's " Big Three" . . . . . . . . . . .  . 
Photo-layout materials . . . . . . . . . . . . . .  . 
Photo template process speeded . . . . .  . 
Piasecki helicopter . . . . . . . . . . . . . .  . 
Pin sets . . . . . . . . . . . . . . . . . . . . . . . .  . 
Plant inoculation . . . . . . . . . . . . . . .  . 
Plant safety . . . • . . . . . . . . . . . . . . . .  
Plastics : 

Cast buttons . . . . . . . . . . . . . . .  . 
Cement . .  _ _ _  . . . . . . . . . . . . . . .  . golla.psi�le tubes . . . . . . . . . . .  . 

ontinulng story . . . . . . . . . . .  . 
Farm-waste . . . . . . . . . . . . . . .  . 
Flame-sprayed . . . . . . . . . .  . �lam . .  .' . . . . . . . . . . . . . . . . . . . . . . 

ass-reInforced . . . . . . . . . . . . .  . 
Goggles . . . . . . . . . . . . . . . . . . . .  . 
Laminated . . . . . . . . . . . . . . . . . .  . 
Melamine . . . . . . . . . . . . . . . . . . . . .  . 
Moisture-proof. : . . . . . . . . . . . . . .  . 

i:���i�: : : : : : : : : : : : : : : : : : : :  : . 
Plasticizer substitute . . . . . . . . . . . . . . . .  . 
Plating, silver-plating aluminums . . . . . .  . 
Plywood box cars . . . . . . . . . . . . . . . . . .  . 
Polaroid vectograph system . . . . .  . 
Polymerization, continuous . . . . .  . 
Porcelain, one-coat . . . . . . . . . . . . . . . 
Porosity, relative . . . . . . . . . . . . . . .  . 
Post-war: 

42 
2 1  
5 8  

130 
182 
2 2 4  

86 
103 

2 2  

180 
229 

78 
146 

79 

162 
15 

250 
2 7 1  

43 
1 68 
1 3 7  

66 
76 

1 79 
2 7 7  
1 7 9  
242 
1 2 4 
194 
2 24 

28 
41 

204 
2 5  

1 74 
90 
3 2 

1 80 
40 

2 2 5 
1 80 
242 
252 
136 
226 

Air-travel. . . . . . . . . . . . . . . . . . . . . 98 
Car vs. plane . . . . . . . . . . . . . . . . . . . . . 77 . 
Education . . . . . . . . . . . . . . . . . . . . ' "  . .  . . 75 
Electronics in tomorrow's industry . . . " 208 �ml?loy�ent, increased productivity for . 1 7 7  

Hi:=:'��� ·
. ·. ·. ·

. ·. : : : : :  : : : : :  : : : : :  . .  
16, m 

Motorcars . . . . . . . . . . . . . . . . . . . 242 
Nonferrous metals tomorrow . . . 58 
Rail travel . . . . . . . . . . . . . . . . . 28 
Rocket power . . . .  . .  . .  . .  . .  . .  3 1  
Rubber costs . . . . . . . . . . . . . 2 5 2  
Traffic control for airways . . . . . 9 
Turbines, use of . . . . . . . . . . . . 2 
Water supplies . . . . . . . . . . . .  18 

Powder metallurgy . • . . . . . . . . 153 
Developments . . . . . . . . . . . . . . 105 

Power brushing . . . . . . . . . . . . . . 80 
Power transmission tamed . . . . . . . . . . . . 247 
Precast concrete solves many problems 205 
Precision : 

Countersink . . . . . . . . . . . .  . 
Tapping speeded . . . . . . . . . . . .  . 

Prefabricated houses . . . . . . . . . . . . . . . . . .  . 
Process control, urged on casting industry . 
Production : 

Ayi�!ion, miracle of . . . . . . .  ' "  . . . .  . 
CIvIlian . . . . . . . . . . . . . . . . . . . . . . . . .  . 
Increased, for post-war employment . 

Propeller testing . . . . . . . . . . . . . . . . . .  . 
Proteib. concentrate, ingredient in animal 

feed . . . . . . . . . . . . . . . . . . . . . . . 
Public relations . . . . . . .  ' . . . . . . 
Pumping with air . . . . . . . .  . 
Pumps : 

Rotary . . . . . . . . . . . . . . .  . 
Step-valve . . . . .  . 

39 
138 

98 
180 

25 6 
194 
1 7 7  
2 5 8  

3 7  
50 

132 

2 7 5  
1 8 6  

Push-pull control . . . . . . . . . . . . . . . . . . 
Putty, aircraft . . . . . . .  . 
Pyrometer, needle . . . .  . 

- Q -

. . .  137 
33, 249 

187 

Quartz filaments as gages in electron micro-
scope . . . .  . . . . . . . . .  . . . . . . . . . . . .  . . . . . . 34 

Quinine synthesized . . 15 

- R -
Radar for trains . . . . . . . . . . . . . . . 108

' 

Radiant heating . . . . .  . . . . . .  . . . . . .. . 13 2 
Radio cab routing . . 108 
Radiography, mass . . 207 
Rail travel, post-war . . . . 28 
Rayon, fade-proof . . . . . . . . 1 1 7  
Rays that sterilize . . . . . .  . . . . . .  . .  . .  2 16 
Reamer, expansion . . . . . . . . . . . . . . . . . 89 
Reclamation, synthetic rubber . , . . . . . 2 
Reconversion, don't wait for George . 146 
Record films . . . . . . . . . . . . . . . . 1 2 8  
Reflectors, Stellite . . . . . . . . . . 2 1  
Refractometer . . . . . . . . . . . 88 
Refrigeration : 

Cold in the home . . . 98 
Unit . . . . . . . . . . . . . 130 

Repairing, safer . . . . . 207 
Research: 

High-altitude . . . . . . 50 
Industrial . . . . . . . . . . . 50 
Man against oxygen . . 2 2  
Stratosphere . . . . . . . . . . 7 

Resins : See also Plastics. 
Available . . .  . . . . . . . . 1 1 7  
Synthetic . . . 1 1 5  

River level recorder . . . . . . . . . . . . 63 
Robot plane . . . . . . . . . . . . . . . . . . . . . . .  1 1 1  
Rocket power, post-war . . . . . . . . . . . . . . . . . 3 1  
Rocket principle i n  military developments . 1 1 1  
Rough sw-facing . . . . . . . . . . . . . . . . . . . . . 228 
Rubber: 

Copper accelerators for . . 80 
Costs, post-war . . . . . . . . 25 2 
Foam, synthetic . .  , . . . . .  2 7 1  
Meehanical rubber goods . . . . . . . . SO 
Production . . . . . . . . . . . . . . . . . . . 34 
Secrets solved by electron microscope . 3 2  
Synthetic, see Synthetics, Rubber 
Water pipe rubber lined . . . . . . . . . . . . 79 

Rust preventives . . . . . . . . . . . . . . 139 

- S -
Safety : 

Air . . . . . . . . . . .  . 
Airport . . . . . .  . 
Mats . . . . . . .  . 
Plant . . . . . . . . . .  . 
Protective hood . .  
Steel . . . . . . . . . . . . . . . . . .  . 
With solvents . . . . . . . . . . .  . 

Sand "Jeep . . . . . . . . . . . . . . . .  . 
Screw drivers : 

Impact . . . . . . . . . . . . . . . . . . . . . . .  . 
Torque . . . . . . . . . . . . . . . . . . . . . .  . 

Self-vulcanizing synthetic rubber . . . . . .  . 
Sewer waste content determines charge . 
Shaft marking . . . . . . . . . . . . . . . . . . . .  . 
Sheet thickness, measured by x-rays . .  
Shell forging . . . . . . . . . . . . . . . . . . . . .  . 
Shoe soles, glued . . . . . . . . . . . . . . . . .  . 
Shot peening . . . . . . . . . . . . . . . . . . . .  . 
Shrouded coupling . . . . . . . . . . . . . . .  . 
Silicones . . . . . . . . . . . . . . . . . . . . . .  . 
Silver plating aluminums . . . . . . . . . .  . 
Skid-proof coating . . . . . . . . . . . . . . . . .  . 
Skin creams . . . . . . . . . . . . . . . . . . . . . .  ' . . 
Skin :recovery, heat-treated steel surfaces . 
Slide rule: 

Improvement . . . . . . . . . . . . . . . . .  . 
New . . . . . . . . . . . . . . . . . . .  . 

Slime control . . . . . . . . . .  . 
Smokestacks, navy . . . .  . 
Snap-switch . . . . . . . . .  . 
Soap, hard-water . . . . .  . 
Soldering: 

Glass-to-metal . . . . . . .  . 
·High-speed . . . . . . . . . .  . 

70, 168 
1 1 1  
137 

76 
89 

2 7 2  
6 4  
84 

23 2 
2 7 5  
181 

18 
90 

134 
42 
63 

230 
138 
1 79 
2 2 5  
2 1 8  

6 6  
2 0 1  

278 
2 5 2  
1 5 9  
255 
280 
1 1 7  

13 2 
1 2 

Solvents, safety with . . .  . . . . . . . .  64 
Sorting, electronic . . . . . .  . 
Sound on film . . . . . . . . . . . . . . . . . . .  . 
Soy bean oil, production increased . 
Spectrography makes strides . . 
Speed lamp, portable . . . . . .  . 
Speed nut, cage type . . . . . .  . 
Speed reduction, ship drives . 
Speedpress, hydraulic . . . .  . 
Spindle stop . . . . . . . . . . . . .  . 
Splash curtains . . . . . . . . . . . . 
Sponge iron . . . . . . . . . . . . . .  . 
Spray dryer . . . . . . . . . . . . . . . . . 
Stainless steel, blackening . . . 
Steel: 

Brittle . . . . . . . . . . . . . . . .  . 
Bronze-on, flame spraying . 
Milling . . . . . . . . . . . . . . . .  . 

� National Emergency . 
Safety . . . . . . . . . . . . . . . .  . 
Stiffness . . . . . . . . . . . . . . .  . 

Stellite reflectors . . . . . . . . . .  . 
Sterilizing rays . . . . . . . . . . . .  . 
Storage batteries . . . . . . . . . .  . 
Storage flashlight cell . . . . .  . 
Stratosphere research . . . 
Supersonics at work . . . . . . . . . .  . 

6 1 , 63 
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276 
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176 
255 
185 

60 

29 
39 
30 
42 

2 7 2  
1 2 6  

2 1  
2 1 6  
232 
23 1 
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10 

Surface conditioning speeded . . . . . . . . . . .  . 
Surgery, ice for . . . . . • . . • . . . . . . . . . . . . .  
Surveys, aerial . . . . . . . . . . . . . . . . . . . .  . 
Sweet potatoes, carotene from . . . . . .  . 
Switch plate; illuminated . . . . .  . 
Synergy . . . . . . . . . . . . . . . . . . .  . 
Synthetics: 

Latex . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 
No fear of . . . . . . . . . . . . . . .  . 
Packing . . . . . . . . . . . . . . . . . . . . . . . . . .  . 
Plastics: See Plastics 
Resin dog with the plastics tail . . . .  
Rubber: 

Foam . . . . . . . . . . . . . . . . . . . .  . 
"One essential ingredient" . .  . 
Reclaimed . . . . . . . . . . . . . .  . 
Self-vulcanizing . . . . . . . . . . .  . 
Tires . • . . . . . . . . . . . . . . . . . . .  
Vulcanizing . . . . . . . . . . . . . . . . 

- T -
Tank lining, plastics . . . . . . . .  . 
Television: 

Controversy, the . . . . . .  . 
Industrial. . . . . . . . . . . . .  . 
Perfected . . .. . . . . . . . . . .  . 
Pictures from the air . .. . . . 
Relay . . . . . . . . . . . . . . . . .  . 
Standards . . . . . . . . . . . . . . .  . 

'remperature, glue-line . . .  . 

i::h���'e:uC=b�i·c� . . . . . . . . . . . . . 

Thermal short circuits . . . . .  . 
Thermit branche$ out . 
Thermometer, electronic . . . 
Thermoplastic, new . . .  ' . . . 
Tinned cast iron . . . . .  . 
Tire vulcanizer . . . . . . . .  . 
Tires: 

Power truck . . . . . . . . . . . . .  . 
Synthetic . . . . . . . . . . . . . . . .  . 
Truck, improved design . .  . 

Tobacco smoke, tests filters . . .  . 
Tool life lengthened . . . . . . . . .  . 
Tool post turret . . . . . . . . . . . . .  . 
Tooth decay, fluorine in . .  . 
Torque screw driver . . . • . . . . . . . . . . . . . .  
Torquemeter . . . . . . . . . . . . . . .  . 
Traffic control, airways . . . . .  . 
Transportation, electronics in . 
Truck heater . . . . . . . . . . . . . . . . . . . . . . . . .  . 
Tube bender . . . . . . . . . . . . . . . .  . 
Tubes, collapsible, plastics . . . .  . 
Tubing straightener . . . . . . . .  . 
Tubular axles • . . . . . . . . . . . . .  

- U -
Upholstery, fire.proof . . . . . . . .  . 

- V -

Vacuum-tube volt-meter . .  
Valves, two-in-one . . . . . . . .  . 
Vapor lamp . . . . . . . . . .  . 
Vibration, isolation of . . . .  . 
Vise : 

Accurate . . . . . . . . . . . . . . . 
Heavy duty . . . . . . . .  . 

Vulcanizing synthetic rubber . 

- W -

Water: 
Filters . . . . . . . . . . . . . . . . . . . . . . . . . 
For industry, better . . .  . 
Pipe, rubber lined . . . . . 
Repellent . . . . . . . . . . . . . . . . .  . 
Soluble cellulose deriva tive . .  . 
Supplies, post-war • • .  

Waterworks, cost • • • • . . . 
Wax, floor . . . . . . . . . . . . . .  . 
Weed to anchor embankments . 
Weld timer-contactor . 
Welding : 

Calculator . . . . . . . . . .  . 
Process salvages castings 
Resistance . . . . . . . . . .  . 
Time saving . . . . . .  . 

Wheel dresser . . .  . 
Wind-tunnel motor . 
Winder rolls . . . . . 
Wire insulation . .  . 
Wood: 

Alcohol from . .  
Furniture and 
In planes . . . .  . 
Lock joint . .  . 

Wrench : 
Impact . . . . .  
Three-in-one . .  

X-ray : 
- X -

Cathode-ray tubes tested by . . . . .  
Ceramic defects revealed • • • •  _ _  . . • . .  _ • •  
Fluroscopy speeds examinations . .  
Inspection expedited . . . . . . . . . .  . 
Sheet thickness measured by . .  . 
Two-million-volt . . . . . . . . . . . . . . . . . . . .  . 
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In your mind's cyc, this may be the spot that's yours, the place you 

return to, sanctuary and birth-place of dreams, where all is as you 

want it, be it ever so humble. 

Perhaps among the things that make it distinctively yours, is the 

memory of the pleasant flavor, the welcome fragrance, of a 

Kaywoodie Pipe. 

Many men have found the Kaywoodie flavor so satisfactory that 

they've made this their permanent choice among pipes. 

Many Koywoodies QO direct to our fighting men -
please be patient ,f your deoler temporarily can·t 
supply you. I l lustrated here is Flame Groin Kay· 
woodie "Dublin" Shope, No. 13  - $ 10. 

Kaywoodic Pipes are tempered with flne curing-agents, so that they 

deliver thc mildcst, coolest, most delicious smoke you ever cnjoyeu. 

They are cut from the real pre-war briar brought from the Mediter­

ranean, from which the flnest pipes have been m:1de for 100 years. 

It is :1 natural product. Like home, it grows slowly. You can't speed 

it up. We will keep right on making Kaywoodies of it, cutting them 

deftly and se<lsoning them well, so your Kaywoodie will always be 

your !lood companion <lntl stead fast friend. 

War Bonds 

come lirst 

Kaywoadie Company, New York and London 

I n New York, b30 Fifth Avenu. 



�tJt-� � - FR O M  FU R R OW T O  HAR V E S T  

The numbered day between frost are crowded 
with labors that make the crop. Power, succe s­
fully applied on the farm, is designed to out-race 
the sea ons . . .  to tend broader a res in fewer 
man-hours agai nst the uncertainties of weather. 

On more effi cient tractors, and on the imple­
ments they pull  in erie H Y  ON hyd rau lic 
sy terns can give ease-Ie sen fatigue through 
Fillgel'-Tip COiltrol-to the heavier jobs of farm­
ing more acres faster. 

I n  d iver ified applications of power on t he 
mechanized farm, HYCON units can take over 
many back-breaking, everyday chores. On many 
type of new equipment they can actuate lifting 
steering, braki ng, and other operating devices 
. . .  can provide the rei ns to control horsepower 
harne sed to lighten the work of man. 

When indu try turns to the building of new 
implements for modern agriculture, compact 
power unit , engineered and patented by the 
makers of H YCO will help to do many hy­
draulic jobs better. 
LET'S ALL BACK THE ATTACK- BUY M O R E  WA R B O N D S  

HveON �M ffl. � � � 
In a grueling hydraulic test in the 3000-pound pre ure 
range at Wright Field, the H YCO . .  traropower" 
pump rood up u nder the bli tering heat of 160 degrees 
and the bitter cold of 65 degrees below zero for 5 50 
contin uou hours f operation. When no longer re­
stricted by wartime need . this revoluti nary pump 
will do a great many hydraulic jobs belieI'. 

Out of the i ncre l ible demands of the war have come 
miracles of technological i m provement to help rebuild 
a shattered world. More goods must be produced 
faster and cheaper. ew machines will be created �nd 
old machines modernized. 

Though our facil ities are primarily de ored to pro­
d uction for the armed forces, there are still available for 
i ndusrry HYCO pumps and valves in the 3000-pound 
range. If you have a problem of actuation in your pOSt­
war plan, oc the modernization of your pre ent equipmenr, 
HYCO will help to solve it. '\' rite for ful l  information. 

* * • BVC:O * * * 

�A -P/tN.dMe �� �� 
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